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Association between neutrophil to
lymphocyte ratio and blood glucose
level at admission in patients

with spontaneous intracerebral
hemorrhage
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Previous studies indicated that both inflammatory responses and hyperglycemia are involved in the
similar pathophysiological mechanisms after onset of intracerebral hemorrhage (ICH). However the
relationship between hyperglycemia and inflammation remains unknown. We aim to evaluate the
associations of hyperglycemia with inflammation and neutrophil to lymphocyte ratio (NLR) in patients
with ICH. Patients with acute ICH were retrospectively enrolled. Clinical characteristics and imaging
features were obtained. The associations between outcome and laboratory biomarkers were assessed
by multivariable logistic regression analysis. Spearman analysis and multiple linear regression analysis
were performed to estimate the association of NLR and serum glucose. 175 patients were enrolled. Poor
outcome occurred in 86 patients at 30 days. Elevated blood glucose level (BGL) and NLR were strongly
associated with outcome in patients with ICH. Moreover, combined NLR-BGL exhibited a better
predictive accuracy compared with the peripheral leukocyte counts. Furthermore, there was a robust
association between BGL and NLR. We first demonstrated both of NLR and BGL were independently
associated with each other. Our results indicate that inflammatory responses and the pathological
process of hyperglycemia may influence each other by several complex pathological mechanisms and
have a mutual promoting effect to secondary brain injury.

Spontaneous intracerebral hemorrhage (sICH, also known as ICH) is a devastating healthcare event accounting
for 10-15% of all strokes™? It carries high mortality and morbidity with limited efficient therapeutic treatment.
Hyperglycemia and inflammatory responses were widely recognized to play a crucial role in the pathophysio-
logical mechanism of ICH and lead to secondary brain injury*~”. And it is well-known that both hyperglycemia
and inflammatory response contribute to the similar pathological progression in ICH, such as hematoma expan-
sion®1° or brain edema!!-"’. Furthermore, the experiment studies'*~!¢ have revealed there was a connection in
the pathophysiological mechanisms between high serum glucose level and inflammatory activity. However the
relationship between hyperglycemia and inflammation in ICH patients has not been reported. The aim of this
report is to estimate the association between hyperglycemia and inflammation in the ICH cohort, as well as a
novel inflammatory marker known as neutrophil to lymphocyte ratio (NLR), which was recently reported to be
identified as an ideal inflammatory predictor for functional outcome in ICH patients®.
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Methods

Patient selection. We retrospectively identified all the patients with spontaneous intracranial hemorrhage
visited to West China hospital from February 2017 to December 2017. We defined inclusion criteria as follows:
(1) A diagnosis of intracranial hemorrhage by computed tomography (CT); (2) Blood routine examination and
laboratorial tests were conducted within 24 hours after ictus; (3) > 18 years. We excluded patients due to: (1) that
ICH was attributable to trauma, brain neoplasm, aneurysm or arteriovenous malformation; (2) that a history of
infection or obvious sign of acute/chronic infection was observed within 2 weeks; (3) unavailable CT scans or
follow-up data; (2) systemic diseases including lung cancer, chronic obstructive pulmonary disease, tuberculosis,
autoimmune disease, severe renal dysfunction and so on; (4) consumption of immunosuppressant drug or anti-
coagulants; (5) a stroke history within 6 months displayed in the electric medical record.

Ethical approval and informed consent. This study was approved by the Biomedical Ethic Committee
at Sichuan University and all patients’ legal surrogates have given their informed consent. This study was also
conducted in accordance with relevant guidelines and regulations of Sichuan University.

Clinical and radiological data. The demographic and clinical characteristics were collected at hospital
arrival, including age, sex, blood pressure, cigarette consumption and alcohol use, medical history of hyperten-
sion and diabetes mellitus, history of ischemia stroke and aneurysm. Laboratorial variables were also recorded
including blood glucose level (BGL), white blood cells (WBC), absolute neutrophil count (ANC), absolute lym-
phocyte count (ALC), absolute monocyte count (AMC). The laboratorial data were collected from blood bio-
chemical test and admission blood work which were conducted on the automated hematology analyzer KX-21
N (Sysmex America, Inc., Lincolnshire, Illinois, USA). Neutrophil to lymphocyte ratio (NLR) was calculated as
absolute neutrophil count (ANC) divided by absolute lymphocyte count (ALC). Combined NLR-BGL score was
calculated as the total scores of NLR and BGL. Patients with increased NLR (>cut-off threshold) were given a
score of 1, increased BGL a score of 1. The functional outcome was assessed by 30-day Glasgow Outcome Scale
(GOS) scores by telephone or outpatient visiting. GOS <3 was defined as unfavorable outcome including severe
disability, persistent vegetative state, as well as death.

Two reviewers, who were blinded to clinical conditions of patients, independently read and estimated all the
head CT scans. Any disagreement between the two neuroradiologists was solved by the consensus. Radiological
results collected from head CT within 24 h from ictus included hematoma location, hematoma size, presence
of subarachnoid hemorrhage, intraventricular hemorrhage, cerebral infarction and hydrocephalus. Hematoma
volume was measured by ABC/2 method as described previously!”.

The datasets analysed during the current study are available from the corresponding author on reasonable
request.

Statistical analysis. All the baseline characteristics including clinical variables, laboratorial parameters and
radiological data were compared between patients with poor outcome and with favorable outcome. Continuous
variables were expressed as mean =+ standard deviation or median with interquartile range (IQR) for normal
distribution and non-normal distribution, respectively, whereas categorical variables were expressed as fre-
quency and percentage. Univariate analyses were conducted by independent t test or Mann-Whitney U test or
Chi-square (x?) test or Fisher’s exact test. Independent t test or Mann-Whitney U test were applied to compare
continuous variables. Chi-square (x?) test or Fisher’s exact test were conducted to compare categorical data. The
variables which exhibited a statistically significant difference (P < 0.05) in univariate analysis were then forced
into multivariable logistic regression analysis. Spearman analyses were preformed to estimate the correlations of
BGL or NLR with other clinical variables. The variables presenting significant relationships (P < 0.05 in Spearman
analysis) with BGL/NLR were then included into multiple linear regression analysis to assess the association of
these factors with BGL/NLR. Receiver-operator analysis was applied to estimate the predictive ability of NLR and
BGL and combined NLR-BGL for short-term prognosis of ICH patients. The variables with a P value of <0.05
were considered significant. All the above-mentioned statistical analyses were determined by applying SPSS 23.0.

Results

From February 2017 to December 2017, 175 consecutive patients (124 males and 51 females) with spontane-
ous ICH fulfilling the inclusive criteria were enrolled in this retrospective study (Detail exclusion of patients in
Fig. 1). The mean age was 60.06 = 13.01 years ranging from 32 to 93 years. The mean baseline hematoma size
was 28.82+ 16.56 ml and the median GCS (Glasgow Coma Scale) score at hospital arrival was 11 with IQR of 8
to 14. 114 (65.1%) patients had a history of hypertension, 12 of diabetes mellitus, 29 of cerebral infarction. The
1-month mortality was 25.1% (44 patients). 86 patients had an unfavorable outcome defined as a GOS of <3 at 30
days. Infratentorial hemorrhage occurred in 18 patients in which 10 individuals (55.6%) with poor outcome were
found. By comparison, 76 patient (48.4%) with supratentorial hemorrhage had unfavorable outcome (P =0.56).
Table 1 showed the main clinical characteristics and radiological finding.

The patients with poor outcome at 30 days had higher blood glucose level (BGL), white blood count (WBC),
absolute neutrophil count (ANC), neutrophil to lymphocyte ratio (NLR) and lower GCS scores whereas no
difference was found in the absolute lymphocyte count (ALC) or absolute monocyte count (AMC) (Table 1).
Univariate analysis found blood glucose level (BGL), WBC, ANC and NLR was associated with unfavorable
outcome (Table 2). However, after adjustment for potential confounding clinical variables, multivariable analysis
demonstrated only BGL (OR: 1.34; 95% CI: 1.05-1.72; p=0.02) and NLR (OR: 1.09; 95% CI: 1.03-1.17; p=10.03)
were independently predictive of 1-month functional outcome (Table 2).

The receiver operating characteristic analysis (ROC) was performed to compare the predictive ability of rele-
vant biomarkers for the short-term prognosis of ICH patients. The sensitivity, specificity, positive predictive value
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Figure 1. Flowchart of patient enrollment. ICH intracerebral hemorrhage; COPD chronic obstructive
pulmonary disease.

(PPV), negative predictive value (NPV) and the area under the curve (AUC) of NLR for prognostic prediction
were 66.30%, 73.00%, 70.40%, 69.10% and 0.709, respectively. And the serum glucose exhibited a comparable
AUC of 0.768 to that of NLR. We further combined these independent predictors as NLR-BGL to evaluate its pre-
dictive ability in 30-day functional outcome of ICH patients. Without surprise, NLR-BGL was significantly asso-
ciated with the 30-day poor outcomes in the univariate and multivariate analysis (OR: 2.238; 95% CI: 1.123-4.27;
p <0.01) (Tables 1 and 2). Figure 2 shows the ROC curves and the areas under the curves (AUC) of laboratory
parameters for predicting poor outcome. The combined NLR-BGL showed the best predictive value with AUC
0.828 when setting a score of 1 as the cut-off point (sensitivity 76.74%, specificity 79.78%).

Spearman’s analysis demonstrated NLR and BGL were all correlated with age, smoking, admission GCS
scores, hematoma volume, WBC, ANC, ALC (Table 3). Multiple linear regression analysis were then applied and
identified GCS at admission, hematoma size and ANC were linearly correlated with both of NLR (Table 4) and
BGL (Table 5). This analysis also demonstrated that supratentorial hemorrhage, WBC, ALC were independently
predictive of NLR (Table 4) while diabetes and IVH can predict BGL (Table 5). Moreover, we found that both
NLR and BGL were associated with each other for first time (Tables 4 and 5).

Discussion

The study systematically investigated the impact of NLR and glucose on 30-day poor outcome of patients with
ICH. The major findings in the patients with ICH included: (1) elevated NLR and serum glucose can inde-
pendently and negatively influence 30-day outcome; (2) combined NLR and glucose (as NLR-BGL) can better
predict the unfavorable outcome than any other biomarkers alone; (3) admission GCS scores, hematoma volume
and neutrophil counts independently predict both NLR and serum glucose; (4) NLR can predict BGL inde-
pendently and BGL is also strongly predictive of NLR. Moreover, the critical thresholds of 7.07 for glucose, 8.20
for NLR were identified to be best at predicting 30-day outcome of ICH. To the best of our knowledge, this is the
first research to estimate the association between NLR and serum glucose in ICH in the clinical observational
trial. The composite effect of NLR and glucose in the setting of ICH is also assessed for the first time.

The predictive values of inflammation and hyperglycemia after ICH capture tremendous attentions for past
two decades since both inflammatory response and increased blood glucose level are potentially preventable.
Numerous evidence showed hyperglycemia'®-?" and inflammation®?!?? were associated with adverse outcome
in patients with ICH. Bejot Y?* demonstrated that elevated admission blood glucose independently predicted
1-month fatality rate and poor functional outcome at discharge from a France population-based study, while
Fogelholm R* reported admission hyperglycemia was associated with early death regardless of diabetic status
in Finland population. On the other hand, Suzuki S ef al.? found higher leukocyte counts were associated with
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favorable outcome | poor outcome

Characteristic Baselinen=175 | (n=89) (n=86) P

Male 124(70.9) 64(71.9) 60(69.8) 0.76
Age(years) 60.06+13.01 58.56+£10.74 61.62+14.90 0.12
;ﬁﬁfﬂgﬁng) 165.18 +30.47 164.85+32.39 165.52+28.53 0.89
gﬁﬁ;ﬂiﬁﬂﬁfﬁg 94.09+19.71 95.58+19.42 92.56+19.99 031
xzz‘uﬁaﬂHg) 117.47+21.76 118.28+22.84 116.63 £ 20.69 0.62
Medical history — — — —
Hypertension 114(65.1) 59(66.3) 55(64.0) 0.75
Diabetes mellitus 12(6.9) 7(7.9) 5(5.8) 0.59
Cerebral infarction 29(16.6) 13(14.6) 16(18.6) 0.48
Smoking 72(41.1) 37(41.6) 35(40.7) 0.91
Drinking 64(36.6) 34(38.2) 30(34.9) 0.65
GCS score on admission 11(8, 14) 14(11,15) 8(6, 10) <0.01%
Hematoma size (ml) 28.82+16.56 20.06 £10.74 37.88+£16.70 <0.01*
Presence of SAH 34(19.4) 16(18.0) 18(20.9) 0.62
Presence of IVH 44(25.1) 12(13.5) 32(37.2) <0.01*
Infratentorial hematoma 18(10.3) 8(9.0) 10(11.6) 0.57
Hydrocephalus 31(17.1) 12(13.5) 19(22.1) 0.14
BGL mmol/L 7.93+£2.94 6.77£1.95 9.12+3.31 <0.01*
WBC 10°/L 12.21+£4.44 10.73£4.14 13.74+4.25 <0.01%*
ANC 10°/L 10.12+£4.38 8.68+4.12 11.60+£4.15 <0.01*
ALC10°/L 1.23+£0.81 1.28£0.59 1.17£0.98 0.39
AMC 10°/L 0.56+£0.28 0.55+0.31 0.58 +0.25 0.61
NLR 9.37(5.95,14.42) | 7.61(3.94,12.78) | 10.95(8.39, 16.46) <0.01%
NLR-BGL 2(1,2) 1(0,2) 2(1.75,2) <0.01*

Table 1. Clinical characteristics related to 30-day outcome in patients with ICH. Data are expressed as n(%),
mean =+ standard deviation, median(interquartile range), as appropriate.*P < 0.05. SAH, subarachnoid
hemorrhage;IVH, intraventricular hemorrhage; GCS, Glasgow coma scale; WBC, white blood cells; ANC,
admission neutrophil count; ALC, admission lymphocyte count; AMC, admission monocyte count; NLR,
neutrophil to lymphocyte ratio; BGL, blood glucose level.

Crude Adjusted
Characteristic OR (CI) P OR (CI) P
Isr‘f;‘;ﬁflum“ level 1.549 (1.289-1.861) <0.01 | 1.341 (1.045-1.720) 0.02*
WBC 10°/L 1.182 (1.095-1.276) <0.01 | 1.032(0.925-1.153) 0.57
ANC 10°/L. 1.194 (1.094-1.327) <001 | 1.033(0.921-1.160) 0.59
NLR 1.059 (1.021-1.099) <001 | 1.085(1.025-1.168) 0.03*
NLR-BGL 4.878 (2.862-8.315) <001 | 2.238(1.123-4.266) 0.01%

Table 2. Associations of clinical characteristics and laboratory values on admission with 30-day poor outcome
in patients with ICH. CI, confidence interval; OR, odds ratio; WBC, white blood cells; ANC, admission
neutrophil count; NLR, neutrophil to lymphocyte ratio; BGL, blood glucose level. Adjustment of confounding
factors on admission with 30-day poor outcome were determined by a logistic regression analysis using SPSS
23.0. The confounding factors include GCS score, hematoma volume and presence of IVH. *Indicates P < 0.05.

larger hematoma size. Leira R et al. and Sun W et al.?®?’ further reported increased leukocyte level and lower
ALC/lymphocytopenia could independently predict early neurologic deterioration and 1-month poor outcome
in ICH patients, supporting that the leukocyte play an important role in ICH. However, presence of acute or
chronic infections at admission which obviously influenced leukocyte and its subtypes, were not excluded in these
studies. Potential confounding factors including systematic comorbidities which may impact the inflammatory
response and blood level were not excluded neither. This current study with strict inclusion criteria revealed that
patients with unfavorable outcome at 1 month had significantly higher WBC, ANC, BGL and NLR, providing
a convincing evidence for these associations of inflammation and serum blood on the prognosis of ICH, but we
failed to found independent associations of ANC and leukocyte on poor outcome. Only BGL and NLR remained
independently correlated with poor outcome after correction for confounding factors.

NLR emerged as a novel systemic inflammatory predictor in the stroke studies?®?. It has been reported NLR
was associated with short-term and long-term mortality in patients after ischemic stroke independent from
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Sensitivity Specificity PPV NPV Cut-off point AUC P
ANC 76.74% 60.67% 65.30% 73.00% 10.14 0.691 <0.001
ALC 63.95% 55.06% 57.90% 61.30% 1.22 0.589 0.039
AMC 84.88% 40.45% 57.90% 73.50% 0.39 0.555 0.213
NLR 66.30% 73.00% 70.40%  69.10% 8.2 0.709 <0.001
BGL 94.20% 49.40% 64.30% 89.80% 7.07 0.768 <0.001
NLR-BGL 76.74% 79.78% 78.60% 78.00% 1 0.828 <0.001

Figure 2. Receiver operating characteristic curves of ANC, ALC, AMC, NLR, BGL, NLR-BGL with sensitivity,
specificity, positive predictive value (PPV) and negative predictive value (NPV), areas under the curve (AUC)
for predicting 90-day unfavorable outcome in ICH patients. ANC, admission neutrophil count; ALC, admission
lymphocyte count; AMC, admission monocyte count; NLR, neutrophil to lymphocyte ratio; BGL, blood glucose
level.

ischemic size*®*!. NLR had also been identified as a better independent predictor in ICH patients for 30-day
mortality?? and 90-day mortality®? and unfavorable outcome’. It is easily calculated and represents a readily avail-
able routine makers as well as glucose. Moreover, NLR had a comparable predictive value to BGL for the 30-day
outcome in ICH patients according to our ROC analysis. However, the combined biomarker (BGL-NLR) exhib-
ited a better predictive value for ICH patients than any other index. This may be due to the delicately different
roles they played in the ICH. NLR reflected the information with regard to systematic inflammation while the
high blood glucose at admission represented a stress response level and involved in several molecular mecha-
nisms inducing brain edema, mitochondria disruption and hematoma expansion!>?, finally triggered a com-
plex hyperglycemia-induced brain injury. Considering that inflammation, ischemia, brain edema and hematoma
enlargement played crucial roles in pathophysiological process after onset of ICH, combined NLR-BGL repre-
sented the strongest predictor after ICH in this research should be reasonable.

The pathological mechanisms of adverse effect of hyperglycemia on outcomes after ICH involving oxygen-free
radical generation® and the blood-brain barrier breakdown?®***, were similar to the pathophysiological processes
of inflammatory in experimental study!'>'4-16%. However, the association between inflammation and hyper-
glycemia had never been investigated in the clinical study. The present research conducted a multiple linear
regression analysis and demonstrated that NLR and BGL had a robust association with each other in an ICH
patient cohort for the first time, consistent with these laboratory findings. The plausible explanations for this
connection are stated as following. First, inflammation was proposed to rapidly impact the metabolic status after
onset of ICH including glucose level®*%*, indicating the inflammatory response could induced the hyperglyce-
mia. Second, studies had demonstrated the deleterious effect of increased blood glucose accelerated blood-brain
barrier damage, impaired microvascular integrity and promoted continuous bleeding**°, which could generate
thrombin to activate the inflammatory cascade resulting in elevated white blood cell count, C-reactive protein
and interleukin-6*"*2, Hyperglycemia could also increase inflammatory cytokine (including tumor necrosis
factor-ow (TNF-) and interleukin-18 (IL-18)) by a oxidative stress mechanism in human's, suggesting hypergly-
cemia could produce an inflammatory response. On the other hand, animal experiment manifested hyperglyce-
mia could increase TNF-a and IL-1b in ICH rats**. In addition, both of hyperglycemia and inflammation were
widely accepted to contribute to the same pathophysiological progression of ICH including hematoma expan-
sion®10-234445 and brain edema'"'2. And both of them were supposed to be the indirect signs of stress resulted
from ICH®. Therefore, we believe the inflammatory responses and the pathophysiological mechanism of hyper-
glycemia impact each other through several complex signal pathways and altogether produce a mutual promo-
tion effect to secondary brain injury, though the underlying signal pathways are still unclear. Further study was
urgently needed to be performed to clarify the definite biological mechanisms.
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NLR BGL
Characteristics r P r P
Male —0.026 | 0.731 —0.07 0.375
Age(years) 0.189 0.012* 0.287 <0.001*
Is)i’zg‘;ljfe]ﬁgfng) 0269 | <0.001* | —0.011 | 0.881
g:;;‘;ii:;fgg) 0116 |0.126 | —0.156 |0.039%
?ﬁ;n;gr)tmal Pressure 15179 | 0.018% | —0.126 |0.096
Hypertension —0.016 |0.835 0.129 0.088
Diabetes mellitus —0.147 | 0.16 0.204 0.004*
Ischemic stroke 0.09 0.238 0.086 0.258
Smoker —0.167 | 0.027* —0.155 | 0.041*
?iﬂ}ls;% drinksper | 000 0577|0002 |0978
GCS score on admission | —0.384 | <0.001* | —0.361 | <0.001*
Hematoma size (ml) 0.341 <0.001* | 0.329 <0.001*
Presence of SAH 0.069 0.362 0.113 0.138
Presence of IVH 0.145 0.056 0.256 0.001*
Hydrocephalus —0.031 | 0.68 0.064 0.401
Infratentorial hematoma | —0.215 | 0.004* 0.06 0.433
WBC 0.578 <0.001* | 0.335 <0.001*
ANC 0.677 <0.001* | 0.383 <0.001*
ALC —0.789 | <0.001* | —0.304 | <0.001*
AMC —0.029 |0.707 0.054 0.477
NLR — — 0.461 <0.001*
Serum glucose 0.461 <0.001%* | — —
GOS at 90 days —0.309 | <0.001* | —0.426 | <0.001*

Table 3. Spearman correlation analysis with neutrophil to lymphocyte ratio and admission blood glucose in
patients with ICH. Asterisks (*) indicate P value < 0.05. SAH, subarachnoid hemorrhage; IVH, intraventricular
hemorrhage; GCS, Glasgow coma scale; WBC, white blood cells; ANC, admission neutrophil count; ALC,
admission lymphocyte count; AMC, admission monocyte count; NLR, neutrophil to lymphocyte ratio; BGL,

blood glucose level.

NLR

Standardized
Characteristic coefficient P
GCS score on admission —0.278 0.026*
Hematoma size 0.302 0.006*
Infratentorial hematoma —0.181 0.004%*
WBC 1.108 <0.001*
ANC 2.383 <0.001*
ALC —0.893 <0.001*
BGL 0.318 0.027*

Table 4. Multivariable linear regression with neutrophil to lymphocyte ratio. Adjustment of confounding
factors on NLR were determined by multiple linear regression analysis using SPSS 23.0. The confounding
factors include age, smoking, GCS score on admission, hematoma size, systolic blood pressure, mean arterial
pressure, infratentorial hematoma, WBC, ANC, ALC and BGL. GCS, Glasgow coma scale; WBC, white blood
cells; ANC, admission neutrophil count; ALC, admission lymphocyte count; AMC, admission monocyte count;
NLR, neutrophil to lymphocyte ratio; BGL, blood glucose level. Asterisks (*) indicate P value < 0.05.

Several limitations should be taken into accounts when interpreting our results. First, all the patients enrolled
in this study came from a single institution-West China hospital, which is a large comprehensive hospital in
China. The patients may present with worse clinical grades compared with other hospitals owing to the medical
referral system according to Chinese health policy. Second, a relatively large proportion of patients excluded due
to the strict inclusive criterion or missing laboratory parameter may result in a selection bias. Third, this study is
a retrospective clinical research and the sample size is relatively small. Finally, ABC/2 method for hematoma size
was less accurate than modern planimetric techniques.
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BGL

Standardized
Characteristic coefficient P
Diabetes mellitus 0.622 <0.001*
GCS score on admission —0.331 <0.001*
Hematoma size 0.241 <0.001*
Presence of IVH 0.252 0.001*
ANC 0.166 0.029*
NLR 0.183 0.013*

Table 5. Multivariable linear regression with serum blood level. Adjustment of confounding factors on BGL
were determined by multiple linear regression analysis using SPSS 23.0. The confounding factors include age,
smoking, GCS score on admission, hematoma size, diastolic blood pressure, diabetes mellitus, IVH, WBC,
ANC, ALC and NLR. GCS, Glasgow coma scale; ANC, admission neutrophil count; NLR, neutrophil to
lymphocyte ratio; BGL, blood glucose level. Asterisks (*) indicate P value < 0.05.

Conclusions

Our study first demonstrated there is a strong association between NLR and hyperglycemia in clinical study. This
current study also confirmed that NLR and blood glucose level can independent predicted 30-day functional
outcome and first revealed that combined index NLR-BGL exhibited a better predictive accuracy than any other
biomarker alone. These findings indicated that inflammatory responses and hyperglycemia can impact each other
through multiple signal pathways and had a mutual deleterious effect for the short-term prognosis of patients
with ICH. Further studies are urgently needed to investigate the exact biological mechanisms.

Received: 29 June 2018; Accepted: 14 October 2019;
Published online: 30 October 2019

References

1.

2.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Qureshi, A. I, Mendelow, A. D. & Hanley, D. F. Intracerebral haemorrhage. Lancet 373, 1632-1644, https://doi.org/10.1016/S0140-
6736(09)60371-8 (2009).

Qureshi, A. L. et al. Spontaneous intracerebral hemorrhage. N Engl ] Med 344, 1450-1460, https://doi.org/10.1056/
nejm200105103441907 (2001).

Broderick, J. et al. Guidelines for the management of spontaneous intracerebral hemorrhage in adults: 2007 update: a guideline from
the American Heart Association/American Stroke Association Stroke Council, High Blood Pressure Research Council, and the
Quality of Care and Outcomes in Research Interdisciplinary Working Group. Stroke 38, 2001-2023, https://doi.org/10.1161/
strokeaha.107.183689 (2007).

. Aronowski, J. & Zhao, X. Molecular pathophysiology of cerebral hemorrhage: secondary brain injury. Stroke 42, 1781-1786, https://

doi.org/10.1161/strokeaha.110.596718 (2011).

. Di Napoli, M. et al. C-reactive protein level measurement improves mortality prediction when added to the spontaneous

intracerebral hemorrhage score. Stroke 42, 1230-1236, https://doi.org/10.1161/strokeaha.110.604983 (2011).

. Tapia-Perez, J. H., Gehring, S., Zilke, R. & Schneider, T. Effect of increased glucose levels on short-term outcome in hypertensive

spontaneous intracerebral hemorrhage. Clin Neurol Neurosurg 118, 37-43, https://doi.org/10.1016/j.clineuro.2013.12.018 (2014).

. Yu, S. et al. White blood cell count and clinical outcomes after intracerebral hemorrhage: The INTERACT? trial. ] Neurol Sci 361,

112-116, https://doi.org/10.1016/j.jns.2015.12.033 (2016).

. Liu, J. et al. Hyperglycemia-induced cerebral hematoma expansion is mediated by plasma kallikrein. Nat Med 17, 206-210, https://

doi.org/10.1038/nm.2295 (2011).

. Lattanzi, S., Cagnetti, C., Provinciali, L. & Silvestrini, M. Neutrophil-to-Lymphocyte Ratio Predicts the Outcome of Acute

Intracerebral Hemorrhage. Stroke 47, 1654-1657, https://doi.org/10.1161/STROKEAHA.116.013627 (2016).

Silva, Y. et al. Molecular signatures of vascular injury are associated with early growth of intracerebral hemorrhage. Stroke 36, 86-91,
https://doi.org/10.1161/01.STR.0000149615.51204.0b (2005).

Gusdon, A. M. et al. Neutrophil-Lymphocyte Ratio and Perihematomal Edema Growth in Intracerebral Hemorrhage. Stroke 48,
2589-2592, https://doi.org/10.1161/STROKEAHA.117.018120 (2017).

Song, E. C. et al. Hyperglycemia exacerbates brain edema and perihematomal cell death after intracerebral hemorrhage. Stroke 34,
2215-2220, https://doi.org/10.1161/01.STR.0000088060.83709.2C (2003).

Saxena, A. et al. Prognostic Significance of Hyperglycemia in Acute Intracerebral Hemorrhage: The INTERACT?2 Study. Stroke 47,
682-688, https://doi.org/10.1161/STROKEAHA.115.011627 (2016).

Asakawa, H., Miyagawa, J., Hanafusa, T., Kuwajima, M. & Matsuzawa, Y. High glucose and hyperosmolarity increase secretion of
interleukin-1 beta in cultured human aortic endothelial cells. Journal of diabetes and its complications 11, 176-179 (1997).
Esposito, K. Inflammatory Cytokine Concentrations Are Acutely Increased by Hyperglycemia in Humans: Role of Oxidative Stress.
Circulation 106, 2067-2072, https://doi.org/10.1161/01.cir.0000034509.14906.ae (2002).

Pampfer, S. et al. Interleukin 1beta mediates the effect of high D-glucose on the secretion of TNF-alpha by mouse uterine epithelial
cells. Cytokine 11, 500-509, https://doi.org/10.1006/cyt0.1998.0459 (1999).

Zhang, F. et al. Neutrophil and platelet to lymphocyte ratios in associating with blood glucose admission predict the functional
outcomes of patients with primary brainstem hemorrhage. World neurosurgery, https://doi.org/10.1016/j.wneu.2018.04.089 (2018).
Kimura, K. et al. Hyperglycemia independently increases the risk of early death in acute spontaneous intracerebral hemorrhage. J
Neurol Sci 255, 90-94, https://doi.org/10.1016/j.jns.2007.02.005 (2007).

Koga, M. et al. Blood glucose levels during the initial 72 h and 3-month functional outcomes in acute intracerebral hemorrhage: the
SAMURAI-ICH study. J Neurol Sci 350, 75-78, https://doi.org/10.1016/j.jns.2015.02.018 (2015).

Zhang, G. et al. Prestroke glycemic status is associated with the functional outcome in spontaneous intracerebral hemorrhage.
Neurol Sci 36, 927-934, https://doi.org/10.1007/s10072-014-2057-1 (2015).

Wang, J. & Dore, S. Inflammation after intracerebral hemorrhage. Journal of cerebral blood flow and metabolism: official journal of the
International Society of Cerebral Blood Flow and Metabolism 27, 894-908, https://doi.org/10.1038/sj.jcbfm.9600403 (2007).

SCIENTIFIC REPORTS |

(2019) 9:15623 | https://doi.org/10.1038/s41598-019-52214-5


https://doi.org/10.1038/s41598-019-52214-5
https://doi.org/10.1016/S0140-6736(09)60371-8
https://doi.org/10.1016/S0140-6736(09)60371-8
https://doi.org/10.1056/nejm200105103441907
https://doi.org/10.1056/nejm200105103441907
https://doi.org/10.1161/strokeaha.107.183689
https://doi.org/10.1161/strokeaha.107.183689
https://doi.org/10.1161/strokeaha.110.596718
https://doi.org/10.1161/strokeaha.110.596718
https://doi.org/10.1161/strokeaha.110.604983
https://doi.org/10.1016/j.clineuro.2013.12.018
https://doi.org/10.1016/j.jns.2015.12.033
https://doi.org/10.1038/nm.2295
https://doi.org/10.1038/nm.2295
https://doi.org/10.1161/STROKEAHA.116.013627
https://doi.org/10.1161/01.STR.0000149615.51204.0b
https://doi.org/10.1161/STROKEAHA.117.018120
https://doi.org/10.1161/01.STR.0000088060.83709.2C
https://doi.org/10.1161/STROKEAHA.115.011627
https://doi.org/10.1161/01.cir.0000034509.14906.ae
https://doi.org/10.1006/cyto.1998.0459
https://doi.org/10.1016/j.wneu.2018.04.089
https://doi.org/10.1016/j.jns.2007.02.005
https://doi.org/10.1016/j.jns.2015.02.018
https://doi.org/10.1007/s10072-014-2057-1
https://doi.org/10.1038/sj.jcbfm.9600403

www.nature.com/scientificreports/

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Wang, F. et al. Neutrophil-to-Lymphocyte Ratio and 30-Day Mortality in Patients with Acute Intracerebral Hemorrhage. J Stroke
Cerebrovasc Dis 25, 182-187, https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.09.013 (2016).

Bejot, Y. et al. The deleterious effect of admission hyperglycemia on survival and functional outcome in patients with intracerebral
hemorrhage. Stroke 43, 243-245, https://doi.org/10.1161/STROKEAHA.111.632950 (2012).

Fogelholm, R, Murros, K., Rissanen, A. & Avikainen, S. Admission blood glucose and short term survival in primary intracerebral
haemorrhage: a population based study. ] Neurol Neurosurg Psychiatry 76, 349-353, https://doi.org/10.1136/jnnp.2003.034819
(2005).

Suzuki, S. et al. Acute leukocyte and temperature response in hypertensive intracerebral hemorrhage. Stroke 26, 1020-1023 (1995).
Leira, R. et al. Early neurologic deterioration in intracerebral hemorrhage: predictors and associated factors. Neurology 63, 461-467
(2004).

Sun, W. et al. Correlation of leukocytosis with early neurological deterioration following supratentorial intracerebral hemorrhage.
Journal of clinical neuroscience: official journal of the Neurosurgical Society of Australasia 19, 1096-1100, https://doi.org/10.1016/j.
jocn.2011.11.020 (2012).

Tokgoz, S. et al. Neutrophil lymphocyte ratio as a predictor of stroke. J Stroke Cerebrovasc Dis 22, 1169-1174, https://doi.
org/10.1016/j.jstrokecerebrovasdis.2013.01.011 (2013).

Tao, C. et al. Clinical Value of Neutrophil to Lymphocyte and Platelet to Lymphocyte Ratio After Aneurysmal Subarachnoid
Hemorrhage. Neurocrit Care 26, 393-401, https://doi.org/10.1007/s12028-016-0332-0 (2017).

Brooks, S. D. et al. Admission neutrophil-lymphocyte ratio predicts 90 day outcome after endovascular stroke therapy. ] Neurointery
Surg 6, 578-583, https://doi.org/10.1136/neurintsurg-2013-010780 (2014).

Tokgoz, S., Keskin, S., Kayrak, M., Seyithanoglu, A. & Ogmegul, A. Is neutrophil/lymphocyte ratio predict to short-term mortality
in acute cerebral infarct independently from infarct volume? J Stroke Cerebrovasc Dis 23, 2163-2168, https://doi.org/10.1016/].
jstrokecerebrovasdis.2014.04.007 (2014).

Tao, C. et al. Admission neutrophil count and neutrophil to lymphocyte ratio predict 90-day outcome in intracerebral hemorrhage.
Biomark Med 11, 33-42, https://doi.org/10.2217/bmm-2016-0187 (2017).

Rehncrona, S., Hauge, H. N. & Siesjo, B. K. Enhancement of iron-catalyzed free radical formation by acidosis in brain homogenates:
differences in effect by lactic acid and CO,. Journal of cerebral blood flow and metabolism: official journal of the International Society
of Cerebral Blood Flow and Metabolism 9, 65-70, https://doi.org/10.1038/jcbfm.1989.9 (1989).

Won, S. J., Tang, X. N., Suh, S. W,, Yenari, M. A. & Swanson, R. A. Hyperglycemia promotes tissue plasminogen activator-induced
hemorrhage by Increasing superoxide production. Ann Neurol 70, 583-590, https://doi.org/10.1002/ana.22538 (2011).

Chiu, C. D. et al. Hyperglycemia exacerbates intracerebral hemorrhage via the downregulation of aquaporin-4: temporal assessment
with magnetic resonance imaging. Stroke 44, 1682-1689, https://doi.org/10.1161/STROKEAHA.113.675983 (2013).

Feng, W,, Tauhid, S., Goel, S., Sidorov, E. V. & Selim, M. Hyperglycemia and outcome in intracerebral hemorrhage: from bedside to
bench-more study is needed. Translational stroke research 3, 113-118, https://doi.org/10.1007/s12975-012-0163-z (2012).

Zazulia, A. R., Videen, T. O. & Powers, W. J. Transient focal increase in perihematomal glucose metabolism after acute human
intracerebral hemorrhage. Stroke 40, 1638-1643, https://doi.org/10.1161/STROKEAHA.108.536037 (2009).

Xue, M. & Del Bigio, M. R. Intracerebral injection of autologous whole blood in rats: time course of inflammation and cell death.
Neurosci Lett 283, 230-232 (2000).

Moxon-Emre, I. & Schlichter, L. C. Neutrophil depletion reduces blood-brain barrier breakdown, axon injury, and inflammation
after intracerebral hemorrhage. Journal of neuropathology and experimental neurology 70, 218-235, https://doi.org/10.1097/
NEN.0b013e31820d94a5 (2011).

Chen, S. et al. Predictors of hematoma expansion predictors after intracerebral hemorrhage. Oncotarget 8, 89348-89363, https://doi.
org/10.18632/oncotarget.19366 (2017).

Mayer, S. A. et al. Perilesional blood flow and edema formation in acute intracerebral hemorrhage: a SPECT study. Stroke 29,
1791-1798 (1998).

Xi, G. et al. Role of blood clot formation on early edema development after experimental intracerebral hemorrhage. Stroke 29,
2580-2586 (1998).

Gong, L. et al. Osteopontin attenuates inflammation via JAK2/STAT1 pathway in hyperglycemic rats after intracerebral hemorrhage.
Neuropharmacology 138, 160-169, https://doi.org/10.1016/j.neuropharm.2018.06.009 (2018).

Flibotte, J. J., Hagan, N., O'Donnell, J., Greenberg, S. M. & Rosand, J. Warfarin, hematoma expansion, and outcome of intracerebral
hemorrhage. Neurology 63, 1059-1064 (2004).

Kuhlmann, C. R. et al. Mechanisms of C-reactive protein-induced blood-brain barrier disruption. Stroke 40, 1458-1466, https://doi.
org/10.1161/strokeaha.108.535930 (2009).

Acknowledgements

EZ. is supported by Sichuan University postdoctoral grant (2017SCU12048), China postdoctoral science
foundation grant (2018M633373) and Sichuan Health commission grant (18PJ425), M.Y. is Catherine Bushnell
fellow (2015). This study was also supported by Sichuan province science and technology grant (2015SZ0051) and
West China hospital academic excellence grant (2016102).

Author contributions

Conception and design: Zhang F, Yang M., Tao C. Acquisition of data: Tao C., Qian J., Zhang F. and Ren Y.
Analysis and interpretation of data: Zhang E, Yang M., Wang Y., Qian J. and Fu W. Drafting the article: Zhang E,
Yang M., Qian J. and Tao C. Supervision: You C. and Yang M. Review & editing: All the authors.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to C.Y. or M.Y.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

SCIENTIFIC REPORTS |

(2019) 9:15623 | https://doi.org/10.1038/s41598-019-52214-5


https://doi.org/10.1038/s41598-019-52214-5
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.09.013
https://doi.org/10.1161/STROKEAHA.111.632950
https://doi.org/10.1136/jnnp.2003.034819
https://doi.org/10.1016/j.jocn.2011.11.020
https://doi.org/10.1016/j.jocn.2011.11.020
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.01.011
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.01.011
https://doi.org/10.1007/s12028-016-0332-0
https://doi.org/10.1136/neurintsurg-2013-010780
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.04.007
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.04.007
https://doi.org/10.2217/bmm-2016-0187
https://doi.org/10.1038/jcbfm.1989.9
https://doi.org/10.1002/ana.22538
https://doi.org/10.1161/STROKEAHA.113.675983
https://doi.org/10.1007/s12975-012-0163-z
https://doi.org/10.1161/STROKEAHA.108.536037
https://doi.org/10.1097/NEN.0b013e31820d94a5
https://doi.org/10.1097/NEN.0b013e31820d94a5
https://doi.org/10.18632/oncotarget.19366
https://doi.org/10.18632/oncotarget.19366
https://doi.org/10.1016/j.neuropharm.2018.06.009
https://doi.org/10.1161/strokeaha.108.535930
https://doi.org/10.1161/strokeaha.108.535930
http://www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2019

SCIENTIFICREPORTS|  (2019) 9:15623 | https://doi.org/10.1038/s41598-019-52214-5


https://doi.org/10.1038/s41598-019-52214-5
http://creativecommons.org/licenses/by/4.0/

	Association between neutrophil to lymphocyte ratio and blood glucose level at admission in patients with spontaneous intrac ...
	Methods

	Patient selection. 
	Ethical approval and informed consent. 
	Clinical and radiological data. 
	Statistical analysis. 

	Results

	Discussion

	Conclusions

	Acknowledgements

	Figure 1 Flowchart of patient enrollment.
	Figure 2 Receiver operating characteristic curves of ANC, ALC, AMC, NLR, BGL, NLR-BGL with sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV), areas under the curve (AUC) for predicting 90-day unfavorable outcome
	Table 1 Clinical characteristics related to 30-day outcome in patients with ICH.
	Table 2 Associations of clinical characteristics and laboratory values on admission with 30-day poor outcome in patients with ICH.
	Table 3 Spearman correlation analysis with neutrophil to lymphocyte ratio and admission blood glucose in patients with ICH.
	Table 4 Multivariable linear regression with neutrophil to lymphocyte ratio.
	Table 5 Multivariable linear regression with serum blood level.




