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Background: Hemorrhagic transformation (HT) is one of the most common and severe complications in patients with acute ischemic
stroke (AIS). It indicates a poor prognosis in AIS patients. However, the association of neutrophil to high-density lipoprotein ratio
(NHR) with HT remains unclear.

Purpose: This study examined whether the NHR has a predictive effect on HT in AIS patients and explored the predictive cutoff
value of the NHR.

Methods: This is a retrospective study and consecutively included AIS patients admitted to the Department of Neurology of the First
Affiliated Hospital of Wannan Medical College between December 2019 and January 2022. All subjects had blood samples collected
within 24 h of admission, and neutrophil counts and high-density lipoprotein counts were detected. HT was diagnosed with hemorrhage on
subsequent magnetic resonance imaging (MRI) or computed tomography (CT) of the brain. Univariate logistic regression analysis was
performed to identify confounding factors, and multivariate logistic regression analysis determined the correlation between NHR and HT.
Receiver operating characteristic (ROC) curves were used to evaluate the clinical predictive value of NHR.

Results: A total of 725 patients were finally included in this study, of which 87 (12%) developed HT. The median NHR value in the
HT group was 4.31, which was significantly higher than that in the non-HT group, and the difference was statistically significant [4.31
(3.54-6.24) vs 3.63 (2.68-4.64), p < 0.001]. The binary logistic regression analysis showed that NHR was independently associated
with HT in AIS patients (OR: 1.180, 95% CI: 1.036—1.344, p = 0.013). The area under ROC curve (AUC) of NHR for predicting HT in
AIS patients was 0.633 (95% CI: 0.567-0.699, p < 0.001), and its optimal cutoff were 3.52.

Conclusion: The NHR was a reliable and simple independent predictor of HT in AIS patients.

Keywords: neutrophil to high-density lipoprotein ratio, neutrophil, high-density lipoprotein cholesterol, hemorrhagic transformation,
acute ischemic stroke, neuroinflammation

Introduction

HT is one of the most severe and common complications of AIS," and its incidence accounts for 10-40% of AIS patients,
leading to increased morbidity and mortality.” HT is associated with poor clinical outcomes in patients with AIS and
often results in additional brain injury and severe neurological deficit symptoms.® Few effective biological predictive
markers have been identified to assist neurologists in determining which AIS patients are most likely to develop HT.
Therefore, early identification of AIS patients at risk of HT may have important clinical implications and contribute to
the scientific basis for the treatment decision-making of AIS.
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HT occurs spontaneously or is induced or exacerbated by multiple factors, including clinical interventions.* HT was
classified as type 1 and 2 hemorrhagic infarction (HI) and type 1 and 2 parenchymal hematomas (PH) in the European
Cooperative Acute Stroke Study I (ECASS I).° The blood-brain barrier (BBB) disruption has been confirmed to be
a fundamental mechanism of HT in patients with AIS.® Both animal and human studies have revealed that proteolysis of
the matrix metalloproteinase (MMPs) plays a considerable role in the breakage of BBB.” Turner et al,® proved that matrix
metalloproteinase 9 (MMP-9), the critical substance of MMPs proteolytic activity, increases the risk of HT by degrading
BBB components. Polymorphonuclear neutrophils impair BBB integrity in the first few days after ischemic stroke by
producing MMPs, proteases, elastases, and reactive oxygen species (ROS).” Neutrophils are the primary source of MMP-9,
which can promote the destruction of the BBB through direct or indirect mechanisms in the early stage of ischemia, which
is the crucial reason for HT.'® High neutrophil counts are independently associated with HT.'®!'" However, the changes in
peripheral leukocyte count in patients with AIS may be caused by a sterile inflammatory response and the occurrence of
early infection. Semerano et al,'* identified a pre-existing infection and early infection after AIS as potential confounders in
assessing the association between neutrophil counts and HT, demonstrating that neutrophil count is a potential predictor of
HT independent of early post-stroke infection.

The inflammatory response and lipid accumulation play an important role in atherosclerosis formation in stroke
development.'® High-density lipoprotein cholesterol (HDL-C), the primary type of human serum lipid profile, has long
been recognized as a protective factor that can lower the risk of cardiovascular disease.'*'” Lin et al,'® have validated
the correlation between serum lipid profiles and HT. Furthermore, a study that included 22,216 patients who received
thrombolytic therapy demonstrated that higher levels of HDL-C are an independent risk factor for increased HT risk."’
However, Rocco et al reported that low HDL-C is independently associated with mortality in AIS patients.?® In addition,
studies indicated that HDL-C levels have no association with HT or adverse functional outcomes after thrombolytic
therapy for AIS.>' Consequently, the correlation between HDL-C and HT remains controversial.

Existing clinical and basic research has shown that HDL-C can influence the composition and activity of HDL-C by
modulating the functional responses of activated neutrophils during inflammation.”>**> NHR, a new biological marker
that can reflect inflammation and the lipid profile level, is independently associated with acute myocardial infarction.**
Furthermore, NHR has been demonstrated to be an independent predictor of coronary artery stenosis.”> However, limited
studies addressed the association between NHR and HT. Therefore, we aimed to investigate whether NHR’s predictive
effect on HT in patients with AIS and clarify its optimal predictive cutoff value.

Materials and Methods

Study Population

This study data were consecutively collected from AIS patients admitted to the Department of Neurology of the First
Affiliated Hospital of Wannan Medical College between December 2019 and January 2022. The Medical Research
Ethics Committee approved the hospital study (Code: 2020 Lun Shen No. 30). All study subjects or guardians
obtained informed consent. The diagnosis of AIS was based on the World Health Organization criteria and confirmed
by neuroimaging.?® Inclusion criteria for patients included the following: (1) over 18 years old; (2) ischemic stroke
patients within 7 days after symptom onset; (3) The diagnostic criteria of AIS are based on the Guidelines for the
Early Management of Adults With Ischemic Stroke developed by the American Heart Association/American Stroke
Association (AHA/ASA)?” and confirmed by imaging evidence such as head CT or MRI;*® (4) perform initial brain
CT scan within 24 h of admission, and complete MRI or repeat CT within 7 days of admission to prevent sudden
neurological deterioration. Exclusion criteria included: (1) bleeding found on CT of the brain at admission; (2)
missing repeat head CT or MRI during hospitalization; (3) missing blood sample within 24 h of admission.

Data and Blood Sample Collection

The clinical baseline data were collected, including demographics (sex and age); past medical history (hypertension,
diabetes, atrial fibrillation, prior stroke, dyslipidemia, and history of smoking and drinking); laboratory data (leukocyte,
neutrophil, platelet, hemoglobin, HDL-C, low-density lipoprotein cholesterol, NHR, total cholesterol, triglycerides, urea,
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uric acid, creatinine, glucose, d-dimer); systolic blood pressure (SBP) and diastolic blood pressure (DBP) at admission
and treatment during the hospitalization. Specially trained neurologists classified stroke etiology using the Trial of ORG
10,172 in Acute Stroke Treatment (TOAST) classification®” and assessed the severity of neurological deficits in stroke at
baseline using the NIHSS. In addition, 5 mL of venous blood was collected from all patients within 24 h of admission.
The hematological parameters were detected by laser flow cytometry using a Mindray CAL 8000 hematology analyzer
(Shenzhen Mindray Biomedical, China). NHR was calculated by dividing neutrophil counts by HDL-C levels.

Definition of HT

All subjects received brain CT on admission and brain MRI or CT within seven days, with repeated CT at any time if
clinical function deteriorated. HT includes hemorrhagic infarction (HI) and parenchymal hematoma (PH) based on the
European Cooperative Acute Stroke Study I (ECASS I).” Hemorrhage due to any deterioration in neurological function is
considered symptomatic HT. The criteria for deterioration were compared with the neurological status before exacerba-
tion. The total NIHSS score rose by 4 points, or the individual score rose by 2 or more. Our study’s endpoint was HT,
defined as hemorrhage in brain tissue within the infarcted area of hemorrhage in the brain parenchyma outside the
infarcted area that was undetected on brain CT at admission but was later detected on subsequent CT or MRI. HT was
adjudicated by two professional neurologists blinded to this study’s data. Any differences were resolved by consensus or
consultation with a third neurologist.

Statistical Analysis

Normally distributed continuous variables were described by mean + standard deviation and used Student’s #-test and
Mann—Whitney U-test for statistical analysis. The median of the interquartile range was used to describe non-normally
distributed continuous variables, and statistical analysis was performed by rank-sum test. Percentages were used to
describe categorical variables and compared using the chi-square or Fisher’s exact test. We first performed a univariate
logistic regression analysis. We included variables with p < 0.05 in multivariate logistic regression for further analysis to
explore potential confounding factors affecting the association between NHR levels and HT. Next, subgroup analysis was
performed using a stratified logistic regression model to investigate the correlation between NHR and HT. Likelihood
ratio tests were used to detect the interactions between NHR and others, each stratification factor on HT (p for
interaction). Finally, the ANOVA and Spearman correlation coefficient was computed to calculate the correlation
between risk factors for AIS and neutrophil or HDL-C value. All data analyses were performed using SPSS 26.0
(IBM Corp, Armonk, NY, USA) and R 4.1.0 (R Foundation for Statistical Computing, Vienna, Austria). Two-sided tests
were used for all statistical tests, and P-values < 0.05 were considered statistically significant.

Results

Clinical Baseline Characteristics

A total of 1046 patients were admitted to our hospital at the beginning of the study, 321 met the exclusion criteria, and 725 were
finally included (Figure 1). Clinical baseline demographics and laboratory data were collected from all patients (Table 1).
Patients were divided into two groups according to HT occurrence. Among 725 patients in this study, 87 developed HT at a rate
of 12%, including 22 (3%) type 1 hemorrhagic infarction (HI-1) and 31 (4.3%) type 2 hemorrhagic infarction (HI-2), 24 (3.3%)
cases of parenchymal hematoma type 1 (PH-1) and 10 (1.4%) cases of parenchymal hematoma type 2 (PH-2). Non-significant
differences existed in gender, vascular risk factors such as hypertension, diabetes, hyperlipidemia, and personal smoking and
drinking history in the two groups’ demographic data (all P > 0.05).

However, the mean age and atrial fibrillation proportion in the HT group were significantly higher than that in the
without HT group (70.68 £ 10.21 vs 65.77 + 11.55 and 37.93 vs 12.23, both p < 0.001). Furthermore, the comparison
between the two groups showed that the median NHR in the HT group was 4.31, which was significantly higher than the
3.63 of the non-HT group, and the difference was statistically significant [4.31 (3.54—6.24) vs 3.63 (2.68—4.64), p <
0.001, Table 1]. In addition, the HT group was more likely to have higher baseline NIHSS scores, higher baseline white
blood cell, neutrophil count, blood glucose and d-dimer levels, lower baseline platelet, hemoglobin, low-density
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1046 patients diagnosed with ischemic stroke consecutively

admitted between December 2019 and January 2022
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Excluded patients diagnosed as
transient ischemic attack, non-acute
ischemic stroke, symptomatic
intracranial hemorrhage on admission,
cerebral venous thrombosis (n=137)

[ 909 patients with acute ischemic

stroke within 7 days of onset ]

/Excluded patients with: \

lack of blood sample (n=75)
infectious disease (n=31)

725 patients with available data

and entered the final analysis

|

A

malignant tumor (n=28)
blood system disease (n=16)
autoimmune disease (n=19)

\without neuroimaging (n=15) /

[ HT group (n=87) ]

[ no-HT group (n=638) ]

Figure | Flow chart of the study selection.
Abbreviation: HT, hemorrhagic transformation.

lipoprotein-cholesterol (LDL-C), triglycerides, and uric acid levels, lower antiplatelet therapy, higher anticoagulation,
and reperfusion therapy after admission, and TOAST classification of cardioembolic in the laboratory data of the two

groups of patients (all P < 0.05).

Table | Baseline Characteristics and Clinical Data of Enrolled Patients

Characteristics HT (n=87) No-HT (n=638) P-value
Demographics
Age (years), mean * SD 70.68+10.21 65.77%11.55 <0.001
Male, n (%) 58.62 62.23 0.557
Hypertension, n (%) 63.22 67.40 0.467
Diabetes, n (%) 25.29 2821 0.612
Atrial fibrillation, n (%) 37.93 12.23 <0.001
Prior stroke, n (%) 18.40 20.85 0.673
(Continued)
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Table | (Continued).

Characteristics HT (n=87) No-HT (n=638) P-value
Dyslipidemia, n (%) 24.29 22.99 0.894
Smoking, n (%) 24.14 28.68 0.446
Alcohol consumption, n (%) 17.24 2241 0.333
NIHSS, median (IQR) Il (5-17) 4 (3-7) <0.001
Leukocyte (*109/L), median (IQR) 7.90 (6.10-9.60) 6.70 (5.50-8.13) <0.001
Neutrophil (x109/L), median (IQR) 6.20 (4.10-7.60) 4.40 (3.50-5.90) <0.001
Platelet (%X 109/L), median (IQR) 156 (126-204) 176.50 (139.75-217.00) 0.015
Hemoglobin (g/L), median (IQR) 127 (118-140) 133.01 (123.00-146.25) 0.004
HDL-C (mmol/L), mean * SD 1.37£0.32 1.31£0.28 0.054
NHR, median (IQR) 4.31 (3.54-6.24) 3.63 (2.68-4.64) <0.001
LDL-C (mmol/L), mean + SD 2.32+0.87 2.55+0.85 0.017
TC (mmol/L), mean + SD 4.22+1.08 4.34£0.99 0.302
TG (mmol/L), median (IQR) 1.06 (0.77-1.44) 1.25 (0.89-1.74) <0.001
Urea (mmol/L), median (IQR) 6.02 (4.94-7.46) 5.70 (4.60-6.79) 0.06
Creatinine (umol/L), median (IQR) 70.20 (53.20-81.90) 67.30 (56.13-79.83) 0.415
Uric acid (umol/L), mean * SD 318.95+107.45 348.08+100.86 0.012
Glucose (mmol/L), median (IQR) 6.32 (4.99-7.63) 5.49 (4.68-7.37) 0.044
D-dimer (ug/L), median (IQR) 1.10 (0.47-2.52) 0.39 (0.24-0.89) <0.001
SBP, mmHg (mean * SD) 155.64+26.34 154.09+£23.81 0.576
DBP, mmHg, median (IQR) 84 (77-92) 85 (77-94) 0.90
Treatments during hospital

Antiplatelets, n (%) 8391 96.55 0.001
Anticoagulants, n (%) 21.84 8.62 <0.001
Thrombolysis, n (%) 13.80 5.33 0.005
Thrombectomy, n (%) 345 1.72 0.23
TOAST classification, n (%) <0.001
Large-artery atherosclerosis 52.87 69.12

Cardioembolic 42.53 12.85

Small-artery occlusion 2.30 15.05

Other etiology 1.15 2.51

Undetermined etiology 1.15 0.47

Abbreviations: HT, hemorrhagic transformation; NIHSS, National Institutes of Health Stroke Scale; HDL-C, high-density lipoprotein choles-
terol; NHR, neutrophil to high-density lipoprotein ratio; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; SBP,
systolic blood pressure; DBP, diastolic blood pressure; TOAST, the Trial of ORG 10,172 in Acute Stroke Treatment.
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Figure 2 ROC curves of NHR, leukocyte, neutrophil, HDL-C and NIHSS on admission predicting HT. Data were analyzed with SPSS statistics software by Ruirui Zhang.
Abbreviations: NHR, neutrophil to high-density lipoprotein ratio; ROC, Receiver operating characteristic, NIHSS, National Institutes of Health Stroke Scale, HDL-C, high-
density lipoprotein cholesterol.

ROC Curve Analysis

The receiver operating characteristic (ROC) curve was used to determine each independent risk factor’s predictive power
for HT and its predictive value. The best predictive cutoffs for HT by NHR, leukocyte counts, neutrophil counts, and
NIHSS scores were 3.52, 7.15, 5.65, and 10.5, respectively, and the differences were all statistically significant (all P <
0.05, Figure 2). Based on the ROC curves (Table 2), the predictive cutoff value of HDL-C for HT was 1.39 (sensitivity
44.8%, specificity 68.0%). ROC curve analysis results also showed that the area under the curve of NHR for predicting
HT was 0.633 (95% CI: 0.567-0.699, p < 0.001), with a maximum cutoff value of 3.52 for Youden’s index of 0.242, with
a sensitivity of 77% and specificity of 52.8% (Table 2). Consequently, NHR was a significant independent predictor of
HT, with a best predictive value of 3.52.

Univariate and Multivariate Logistic Regression Analyses

Univariate and multivariate logistic regression analyses were performed to explore possible risk factors associated with
HT. The univariate logistic regression analysis revealed that possible risk factors associated with HT included age, NHR,
atrial fibrillation, baseline NIHSS scores, leukocyte counts, platelet counts, hemoglobin, LDL-C and uric acid levels,

Table 2 The Predictive Value of NHR for HT in AIS Patients

Variables Best Predicted value Sensitivity (%) Specificity (%) AUC (95% CI) P-value
NHR 3.52 77.0 52.8 0.633 (0.567-0.699) <0.001
Leukocyte 7.15 64.4 58.5 0.630 (0.567-0.693) <0.001
Neutrophil | 5.65 62.1 726 0.681 (0.618-0.744) <0.001
HDL-C 1.39 44.8 68.0 0.554 (0.488-0.621) | 0.099
NIHSS 10.5 50.6 87.9 0.724 (0.660-0.789) <0.001

Abbreviations: AUC, area under the curve; Cl, confidence interval; NHR, neutrophil to high-density lipoprotein ratio; HDL-C, high-density
lipoprotein cholesterol; NIHSS, National Institutes of Health Stroke Scale.
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Table 3 Multivariate Logistic Analysis to Determine Associations Between NHR Subgroup Levels and HT

NHR Unadjusted OR (95% CI) | P-value Adjusted OR (95% CI)* | P-value

NHR quartile group

QI (NHR £2.72) Ref. Ref. Ref. Ref.
Q2 (NHR 2.72-3.74) | 0.741 (0.340-1.614) 0.451 0.831 (0.340-2.032) 0.685
Q3 (NHR 3.74-4.85) 1.281 (0.641-2.559) 0.483 1.501 (0.652-3.458) 0.340
Q4 (NHR > 4.85) 2.849 (1.527-5.316) 0.001 3.157 (1.312-7.596) 0.01

By optimal cut-off derived from the ROC curve

NHR < 3.14 Ref. Ref. Ref. Ref.

NHR 2 3.14 2.973 (1.762-5.017) <0.001 3.434 (1.775-6.644) <0.001

Notes: *Adjusted for gender, age, NIHSS on admission, prior stroke, atrial fibrillation, D-dimer, hemoglobin, platelet counts, urea,
creatinine, uric acid, total cholesterol, triglycerides, high-density lipoprotein, and low-density lipoprotein.
Abbreviations: NHR, neutrophil to high-density lipoprotein ratio; Cl, confidence interval; ROC, receiver operating characteristic.

triglycerides, D-dimer, antiplatelets, anticoagulants, and thrombolysis therapy (all P < 0.05, Table 3). We adjusted for
confounding factors which are defined as the non-primary study factors in the regression model in the multivariate
logistic regression analysis, and the results revealed that NHR, as a continuous variable, was significantly negatively
correlated with HT (OR: 1.180, 95% CI:1.036—1.344, p=0.013). Concurrently, atrial fibrillation (OR: 2.429, 95% CI:
1.357-4.346, p = 0.003), the baseline NIHSS scores (OR: 1.097, 95% CI: 1.052—1.145, p = 0.003), uric acid (OR: 0.997,
95% CI: 0.995-1.000, p = 0.027) and antiplatelets therapy (OR: 0.302, 95% CI: 0.130-0.703, p = 0.006) were also
independent predictors of HT. Moreover, we found that the best cutoff value of NHR for predicting HT in AIS patients
was 3.52, with a sensitivity of 77%.

To demonstrate the association of NHR with HT, all patients were divided into four groups according to the quartile
values of NHR (Q1: NHR <2.72, Q2: NHR 2.72-3.74, Q3: NHR 3.74-4.85, Q4: NHR > 4.85, Table 4). The OR value of
HT in the highest quartile compared with the lowest quartile was 2.849 (95% CI: 1.527-5.316, p = 0.001). After
adjusting for gender, age, NIHSS on admission, prior stroke, atrial fibrillation, D-dimer, hemoglobin, platelet counts,
urea, creatinine, uric acid, total cholesterol, triglycerides, HDL, and LDL, the risk of HT remained significantly higher in
the highest quartile than in the lowest quartile (OR: 3.157, 95% CI: 1.312-7.596, p = 0.01). Finally, all patients were
divided into two groups according to the cutoff value derived from the ROC curve of NHR (NHR < 3.52 and NHR >
3.52). The risk of HT in the subgroup with NHR greater than 3.14 was significantly higher than in the group with NHR
less than 3.14 (OR: 2.973, 95% CI: 1.762-5.017, p < 0.001). After further adjusting for the above confounding factors,
the risk of HT in the NHR > 3.14 group remained significantly higher than that in NHR < 3.14 group and the difference
was statistically significant (OR: 3.434, 95% CI: 1.775-6.644, p < 0.001, Table 4).

Subgroup Analyses

Herein, subgroup analysis displayed that the tests for the interaction of age (< 60 vs > 60), sex (female vs male), atrial
fibrillation, alcohol consumption, smoking, NIHSS scores (< 15 vs > 15), systolic blood pressure (< 140 vs > 140), HDL-
C levels (< 2.51 vs > 2.51), glucose level (< 5.6 vs > 5.6) and stroke subtype on the related effects of NHR and HT were
non-significant statistically (all p for interaction > 0.05, Figure 3). The results showed that the various stratification
factors in the model unaffected the correlation between NHR and HT.

Correlation Analysis Between Neutrophil or HDL and Risk Factors of AlS

We explored the effect of common risk factors for AIS on neutrophil and HDL-C values. Our analysis showed that
Neutrophil has a non-significant association with common risk factors for AIS, including age, gender, hypertension,
diabetes, atrial fibrillation, prior stroke, dyslipidemia, smoking, and alcohol consumption (all r/F value for correlation >
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Table 4 Univariate and Multivariate Logistic Regression Analysis for the Risk Factors of HT

Variables Univariate Multivariate
OR (95% CI) P-value OR (95% CI) P-value

Age 1.040 (1.019-1.063) <0.001 - 0.568
Atrial fibrillation 0.228 (0.139-0.373) <0.001 2.429 (1.357—4.346) 0.003
NIHSS 1.155 (1.114-1.198) <0.001 1.097 (1.052—-1.145) <0.001
Leukocyte 1.189 (1.094-1.292) <0.001 - 0.482
Platelet 0.995 (0.991-0.999) 0.016 0.996 (0.992-1.000) 0.082
Hemoglobin 0.986 (0.976-0.996) 0.008 - 0.347
NHR 1.264 (1.141-1.399) <0.001 1.180 (1.036—1.344) 0.013
LDL-C 0.712 (0.539-0.941) 0.017 - 0.836
TG 0.478 (0.313-0.730) 0.001 0.684 (0.445—1.052) 0.084
Uric acid 0.997 (0.995-0.999) 0.013 0.997 (0.995-1.000) 0.027
D-dimer 1.207 (1.093-1.333) <0.001 1.080 (0.995-1.172) 0.065
Antiplatelets 5.370 (2.633-10.951) <0.001 0.302 (0.130-0.703) 0.006
Anticoagulants 0.338 (0.189-0.602) <0.001 - 0.553
Thrombolysis 0.352 (0.175-0.709) 0.003 2.250 (0.983-5.155) 0.055

Abbreviations: OR, odds ratio; Cl, confidence interval; NIHSS, National Institutes of Health Stroke Scale; NHR, neutrophil to
high-density lipoprotein ratio; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride.

0.05, Table 5). A positive correlation existed between age and HDL-C in our population (r = 0.107, p = 0.004, Figure 4).
Conversely, there was no correlation between age and neutrophils (r = 0.031, P = 0.407, Figure 4). Herein, we also found
a weak but significant positive correlation between atrial fibrillation and HDL-C (F = 1.368, p = 0.007, Table 5).

Discussion

In this retrospective study of 725 patients, HT occurred in 87 individuals, and the rate was 12%, consistent with the
incidence rates reported in previous studies. Herein, we first examined whether NHR is linked to HT in AIS patients. We
found that higher NHR values on admission were independently associated with an increased risk of HT in patients with
AIS and the best-predicted value was 3.14. The findings of our study suggested that after adjustment for confounding
factors, AIS patients with high NHR levels (> 3.14) had an approximately 3.4-fold higher risk of developing HT than
patients with low NLR levels (< 3.14). Consequently, NHR can be used as a simple and efficient independent predictor
of HT.

Li and Nakamura et al,>*>' have recently focused on the relationship between inflammatory and lipid-related
biomarkers and cerebrovascular diseases. Inflammatory responses and abnormal lipid-related metabolism play critical
roles in the pathophysiology of atherosclerosis. Previous studies have revealed that inflammatory response plays a vital
role in the process of thrombosis in the body, and thrombus can induce thrombotic inflammatory response related to the
degree of tissue organ damage and clinical and functional outcome by recruiting leukocytes.*> Neutrophils are the
primary source of MMP-9 that leads to the disruption of BBB in the early stage of AIS.> A study based on an
inflammatory model in vitro and in vivo displayed that neutrophils play a pathogenic role in the immune-
inflammatory response in atherosclerosis pathogenesis.>® Neutrophils are one of the first cells to react in the blood
after an ischemic stroke. They can lead to the breakdown of the BBB and brain damage by mediating various
inflammatory factors such as ROS, proteases, and cytokines.***> Neutrophil extracellular traps (NETs) are extracellular
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Subgroups HT (%) No-HT Adjusted OR (95%Cl) P for interaction
Age 0.448
<60 15(6.47) 217 ] 1.382(1.063-1.797)
260 72(14.60) 421 L] 1.137(0.987-1.309)
Sex 0.352
Female 36(12.99) 241 u 1.031(0.847-1.255)
Male 51(11.38) 397 L 1.317(1.107-1.567)
Atrial fibrillation 0.358
No 54(8.79) 560 . 1.227(1.066-1.411)
Yes 33(29.73) 78 L 1.042(0.805-1.348)
Alcohol consumption 0.859
No 72(12.70) 495 L] 1.202(1.046-1.380)
Yes 15(9.49) 143 L 1.161(0.878-1.535)
Smoking 0.167
No 66(12.67) 455 L] 1.10(0.959-1.263)
Yes 21(10.29) 183 = 1.945(1.322-2.862)
NIHSS 0.797
<15 56(8.63) 593 = 1.110(0.953-1.291)
215 31(40.79) 45 . 1.519(1.104-2.091)
SBP 0.319
<140 24(12.24) 172 L 1.053(0.816-1.358)
2140 63(11.91) 466 L) 1.238(1.067-1.437)
LDL-C 0.132
<2.51 50(13.93) 309 L 1.145(0.969-1.354)
22.51 37(10.11) 329 = 1.186(0.986-1.428)
Glucose 0.916
<5.6 30(8.31) 331 L 1.244(1.002-1.545)
25.6 57(15.66) 307 L 1.159(0.991-1.354)
Stroke subtype 0.529
Non-cardioembolic 50(8.25) 556 L 1.215(1.051-1.404)
cardioembolic 37(31.09) 82 . . = . . . . 1.095(0.866-1.386)

0.5 1 1.5 2 25 3

Figure 3 Stratified logistic regression analysis model to explore variables affecting the correlation between NHR and HT. Above model adjusted for age, sex, atrial
fibrillation, alcohol consumption, smoking, NIHSS, SBP, LDL-C, glucose, and stroke subtype.

Notes: In each subgroup analysis, the model was not adjusted for stratification variables.

Abbreviations: NHR, neutrophil to high-density lipoprotein ratio; HT, hemorrhagic transformation; OR, odds ratio; NIHSS, National Institutes of Health Stroke Scale; SBP,
systolic blood pressure; LDL-C, low-density lipoprotein cholesterol.

DNA Iattices produced after the overactivation of neutrophils, which can trap other blood cells, leading to pathological
thrombosis that exacerbates the neuroinflammatory response.>®’ Puy and Denorme found evidence of neutrophils and
NETs in the brain tissue of patients with spontaneous intracerebral hemorrhage and AIS, which were associated with
clinical outcomes.*®>° HDL-C’s reverse cholesterol transport function transports excess cholesterol from peripheral
tissues back to the liver for excretion.*’

HDL-C has anti-atherosclerotic and anti-inflammatory effects of reducing the BBB disruption in AIS patients.*’
Secretory phospholipase A2 modification of HDL-C produces an anti-inflammatory granule that modulates neutrophil
effector responses during inflammation by inhibiting neutrophil activation, adhesion, migration, and extracellular trap
formation.”” In turn, neutrophils promote atherosclerosis in stroke patients by interacting with platelets, releasing
cytokines, activating macrophages, producing low-density lipoprotein, and degrading fibronectin.>> To summarize,
elevated NHR in patients with AIS may be associated with abnormal lipid metabolism and inflammatory activity due

to reduced HDL-C levels and increased neutrophil counts. Consequently, we hypothesized that NHR is a novel
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A B

100 r=0.107 1004 r=-0.031
P =0.004 P =0.407

T T T T T T T T T T T
5000 1.0000 1.5000 2.0000 2.5000 3.0000 0000 5.0000 10.0000 15.0000 20.0000
HDL-C Neutrophils

Figure 4 Correlation between age and neutrophils and HDL-C in AlS patients (A and B). (A) There was a positive correlation between age and HDL-C: r = 0.107, P =
0.004; (B) There was no correlation between age and neutrophils: r = 0.031, P = 0.407.
Abbreviation: HDL-C, high-density lipoprotein cholesterol.

composite biomarker that can more comprehensively reflect the state of inflammation and lipid metabolism than a single
biomarker.

Furthermore, NHR was an independent predictor of acute myocardial infarction and coronary stenosis and closely
related to the prognosis and severity of cardiovascular disease.”*?* In addition, Chen et al,*> demonstrated that higher
levels of NHR at admission are associated with poorer outcomes three months after intravenous thrombolysis in patients
with AIS. Nevertheless, whether NHR is independently associated with HT in AIS patients remains unclear. Therefore,
this study aims to explore whether NLR can be used as a biological indicator that has predictive value for HT in AIS
patients.

Our study excluded 184 patients with incomplete clinical data, infection at admission, blood disease, and an
autoimmune disease that may affect inflammation and lipid indicators to explore the relationship between NHR and

HT Relationship. In addition, due to the significant collinearity between neutrophil count and other independent

Table 5 Correlation Between Neutrophil or HDL-C and Risk Factors of AIS

Variables Neutrophil HDL-C
r/F-value P-value r/F-value P-value

Age —0.031 0.407 0.107 0.004
Gender 1.015 0.445 1.017 0.438
Hypertension 1.103 0.242 1.258 0.038
Diabetes 0914 0.713 0.908 0.753
Atrial fibrillation 1.226 0.076 1.368 0.007
Prior stroke 0914 0.713 0.994 0.508
Dyslipidemia 0.844 0.858 1.047 0.355
Smoking 0.880 0.791 1.102 0.225
Alcohol consumption 1.004 0.476 1.002 0.482

Abbreviation: HDL-C, high-density lipoprotein cholesterol.
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variables, this study excluded neutrophil count as an independent variable in the regression equation to eliminate the
collinearity between white blood cell indicators.

Our results disclosed that the neutrophil count on admission was significantly higher in the HT group than in the non-
HT group (p < 0.001), suggesting that neutrophils on admission may serve as an independent risk factor for HT.
However, HDL-C levels on admission were non-significantly different between the two groups. This is contrary to the
protective role of HDL-C in atherosclerosis and inflammation, which may be related to the study’s small sample size.
Further studies with large samples are needed to explore the role of HDL-C in HT. Univariate and multivariate logistic
regression analyses incorporating a variety of HT-related factors revealed that NHR was statistically associated with HT,
and NHR was an independent predictor of HT after controlling for relevant confounders (OR: 1.180, 95% CI: 1.036—
1.344, p = 0.013). Herein, we found that the best cutoff value of NHR for predicting HT in AIS patients was 3.52, with
a sensitivity of 77% (AUC: 0.633, 95% CI: 0.567-0.699, p < 0.001).

Above all, NHR, a novel serum biomarker, has the advantages of simplicity, speediness, and efficiency, which can be
used as a potential biological therapeutic target for judging the prognosis of AIS patients. NHR has a particular
promotion value in clinical work, and it can assist clinicians in identifying high-risk AIS patients with HT early, allowing
them to develop individualized diagnoses and treatment plans for patients more safely and effectively. Nonetheless, the
specific mechanism of action of neutrophils and HDL-C in HT remains unclear, and further studies are required to
explore the underlying mechanisms in animals and humans.

Although this is the first study to explain NHR-HT correlation, we must acknowledge that it has some limitations.
First, we used a retrospective study protocol with a relatively small sample size based on a single-center database. The
findings may be unable to be generalized to all Chinese and other ethnic groups. Therefore, a large sample multicenter
prospective study is needed to verify the accuracy and reliability of the results. This study is a retrospective and non-
prespecified analysis, which may have some selection bias, so prospective intervention cohort studies are needed to
confirm our findings. Second, Second, our study dynamically undetected the effect of NHR changes on HT in AIS
patients because it is uncertain whether temporal changes in NHR are related to HT. Finally, the specific mechanism of
the association between NHR and HT is still unclear. Therefore, further clinical and experimental studies are needed to
clarify its pathogenesis and validate our results.

Conclusion

A higher NHR value at admission was an independent predictor of HT in AIS, with a best predictive value of 3.52. We
believe that NHR may serve as a potential biomarker to identify AIS patients at higher risk for HT, allowing clinicians to
personalize care and avoid possible bleeding complications.
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