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Purpose: According to many previous studies, neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio (LMR) and 
hypersensitive C-reactive protein (CRP) are commonly used as important indicators to assess the prognosis of intravenous thrombolysis 
in AIS patients. Based on this, we used two novel biomarkers C-NLR (CRP/neutrophil-to-lymphocyte ratio) and C-LMR 
(CRP×lymphocyte-to-monocyte ratio) to investigate their correlation with 90-day outcomes in AIS patients after intravenous thrombolysis.
Patients and Methods: A total of 204 AIS patients who received intravenous thrombolysis at the Stroke Center of Jiangsu Province 
Hospital of Chinese Medicine from January 2021 to December 2022 were retrospectively included. All patients were followed up 90 
days after thrombolysis to assess their prognosis. Patients with a modified Rankin scale score (mRS) of 3–6 were included in the 
unfavorable outcome group, and those with a score of 0–2 were included in the favorable outcome group. Logistic regression analysis, 
receiver operating characteristic (ROC) curve, and Kaplan–Meier survival curve were used to investigate the association between 
C-NLR, C-LMR, and 90-day prognosis in AIS patients treated with early intravenous thrombolysis.
Results: C-NLR (OR=1.586, 95% CI=1.098~2.291, P=0.014) and C-LMR (OR=1.099, 95% CI=1.025~1.179, P=0.008) were 
independent risk factors for 90-day prognosis of AIS patients treated with early intravenous thrombolysis. The higher C-NLR and 
C-LMR were associated with unfavorable prognosis.
Conclusion: C-NLR and C-LMR can be used as biomarkers to predict prognosis of AIS patients treated with early intravenous 
thrombolysis.
Keywords: modified rankin scale, reperfusion therapy, inflammatory reaction, cerebral vascular disease, clinical prognosis

Introduction
Acute ischemic stroke is a cerebrovascular disease that seriously threatens life, health, and safety. It is characterized by 
high disability rate and high fatality rate, and the incidence population shows an expanding trend.1,2 Clinically, 
reperfusion therapy is often adopted for AIS patients with a short duration of onset. For example, early rt-PA intravenous 
thrombolytic therapy for acute ischemic stroke within a time window of 4.5 h has become mainstream practice.3

Although intravenous thrombolysis can be used as a relatively safe treatment in most cases, it also has many adverse 
reactions such as intracranial hemorrhage and neurological deterioration.4 Many studies have focused on early neurological 
deterioration after intravenous thrombolysis, while the observation of medium and long-term prognosis of intravenous 
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thrombolysis is relatively lacking.5,6 Considering that rehabilitation of neurological function in the later stage of stroke is also 
a key link to stroke treatment, our study used the 90-day time point to observe the prognosis of intravenous thrombolysis.

Previous studies with a sample from our stroke center had found that inflammatory mechanisms play an important 
role in the onset and progression of ischemic stroke.7,8 Other research has confirmed the close correlation between 
inflammatory factors and neurological deterioration in pathology.9 NLR has been proven to be an important predictor of 
stroke prognosis,10,11 while studies have also confirmed the predictive function of LMR.12,13 In addition, many studies 
also used CRP as a joint prediction index.14–16 Based on these convincing studies, this retrospective study attempted to 
explore the feasibility of C-NLR and C-LMR in predicting the prognosis of AIS after intravenous thrombolysis on the 
basis of these indicators.

Materials and Methods
Study Design and Patients
This retrospective cohort study was approved by the Ethics Committee of the Affiliated Hospital of Nanjing University of 
Chinese Medicine (2017NL-012-01). Informed consent was waived because of retrospective design. A total of 204 
patients with acute ischemic stroke who received intravenous thrombolysis (rt-PA) in the Department of Neurology of 
Jiangsu Province Hospital of Chinese Medicine from January 2021 to December 2022 were collected. The inclusion 
criteria were as follows: (1) It met the diagnostic criteria set out in the “Guidelines for the diagnosis and treatment of 
acute ischemic stroke in China 2018”.17 (2) It was the first onset, and the imaging diagnosis and laboratory diagnosis 
indicators at admission were consistent with indications of intravenous thrombolysis. (3) The onset time of symptoms 
was <4.5h. (4) The patients and their families agreed to be included in this study and follow-up. Exclusion criteria: (1) 
Patients with a history of malignant tumor and antitumor-related therapy; (2) Patients with a history of infection within 
the past 1 week and treated with anti-infection drugs; (3) Deaths during treatment; (4) The disease has a new cerebral 
hemorrhage.

Clinical Treatment
According to “Guidelines for the diagnosis and treatment of acute ischemic stroke in China 2018”, the patient received rt- 
PA intravenous thrombolysis within 4.5 h of onset (The total dose of rt-PA was 0.9 mg/kg, of which 10%rt-PA was 
injected intravenously within 1 min, and the remaining 90% was pumped intravenously within 1 h).

Data Collection
Clinical data of participants was collected as follows: (1) age, gender. (2) past medical history: cerebral hemorrhage, 
transient ischemic attack, atrial fibrillation, coronary heart disease, hypertension, diabetes mellitus, hyperlipidemia, 
myocardial infarction, renal insufficiency. (3) medication use history: anti-hypertension drugs, hypoglycemic drugs, anti- 
platelet drugs, statins. (4) personal history: smoking history, drinking history. (5) clinical indicators: systolic blood 
pressure, systolic blood pressure, total cholesterol, triglycerides, high-density lipoprotein, and low-density lipoprotein. 
According to the National Institutes of Health Stroke Scale (NIHSS) and modified Rankin scale (mRS), the NIHSS score 
and mRS Score at admission and 24h after intravenous thrombolysis were collected. NLR and LMR were calculated 
based on the counts of neutrophils, lymphocytes, monocytes, and high-sensitivity C-reactive protein in peripheral venous 
blood samples of patients when they first received intravenous thrombolysis. Finally, C-NLR (CRP/neutrophil-to- 
lymphocyte ratio) and C-LMR (CRP×lymphocyte-to-monocyte ratio) were calculated.

Assessment and Definition of Prognosis
All patients were followed up by neurologists 90 days after intravenous thrombolysis, and the prognosis was evaluated 
using a modified Rankin scale (mRS). Patients with a score of 0–2 were defined as favorable outcome, and patients 
with a score of 3–6 were defined as unfavorable outcome. The mRS Score of dead patients was also defined as 6 
points.
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Statistical Analysis
SPSS 27.0 statistical software was used for data statistical analysis. Measurement data conforming to normal distribution 
were expressed as mean ± standard deviation (x,s), and comparison between groups was analyzed by independent sample 
t test. The measurement data that did not meet the normal distribution were expressed as median (quartile) [M(Q1, Q3)], 
and the Mann–Whitney U-test was used for comparison between groups. Count data were expressed as frequency and 
percentage (n, %), and chi-square test was used for comparison between groups. Binary Logistic regression was used to 
analyze the influencing factors of poor prognosis. ROC curve was drawn and AUC was calculated to verify the predictive 
value of C-NLR and C-LMR for the prognosis of patients, P<0.05 was considered statistically significant. Kaplan–Meier 
survival curve was drawn and log-rank < 0.05 was considered statistically significant between groups.

Results
A total of 234 patients with acute ischemic stroke who received intravenous thrombolysis in the Stroke Center of Jiangsu 
Province Hospital of Chinese Medicine from January 2021 to December 2022 were retrospectively enrolled in this study. 
Among them, 6 cases had a history of malignant tumors, 3 cases had a history of infection within 2 weeks, 16 cases did 
not receive high-sensitivity C-reactive protein test, and 5 cases dropped out during follow-up.

A total of 25 cases were excluded, and the flow chart is shown in (Figure 1). A total of 204 patients met the inclusion 
criteria. There were 131 males (65.4%) and 73 females (34.5%), with an average age of 69.1±12.3. Overall, 9 (4.4%) 
patients had cerebral hemorrhage, 56 (27.4%) patients had TIA, 26 (12.7%) patients had atrial fibrillation, 43 (21.0%) 
patients had coronary heart disease, 147 (72.0%) patients had hypertension, 85 (41.6%) patients had diabetes mellitus, 
141 (69.1%) patients had hyperlipidemia, 12 (5.8%) had myocardial infarction, 14 (6.8%) patients had renal insuffi-
ciency, 147 (72.0%) were taking anti-hypertension drugs, 80 (39.2%) patients were taking hypoglycemic drugs, 155 
(75.9%) patients were taking antiplatelet aggregation drugs, 160 (78.4%) were taking statins, 42 (20.5%) patients had 
a history of smoking, and 60 (29.4%) patients had a history of drinking. The distribution of basic demographic data, 
clinical, and laboratory data of the patients are detailed in (Table 1, Figures 2).

As shown in (Table 1), there were significant differences between groups in age, atrial fibrillation, coronary heart disease, 
diabetes mellitus, hyperlipidemia, hypoglycemic drugs, statins, systolic blood pressure, and NIHSS score and mRS Score at 

Figure 1 Flow chart. 
Abbreviations: AIS, acute ischemic stroke; mRS, modified Rankin scale.
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Table 1 Baseline Characteristics of AIS Patients Received Early Intravenous Thrombolysis Treatment

Variables Total (n=204) Good Outcome (n=162) Poor Outcome (n=42) P-value

Age, mean (±SD) 69.1±12.3 66.9±11.8 77.4±10.5 <0.001
Gender, n (%) 0.073

Male 131 (64.2) 109 (67.2) 22 (52.3)

Female 73 (35.7) 53 (32.7) 20 (47.6)
NLR, median [IQR] 2.5 [1.8, 3.7] 2.4 [1.8, 3.5] 3.5 [2.3, 5.8] 0.004

LMR, median [IQR] 3.5 [2.3, 4.6] 3.7 [2.5, 4.8] 2.6 [1.6, 3.5] <0.001

CRP, median [IQR] 0.8 [0.5, 3.2] 0.7 [0.5, 2.4] 1.8 [0.8, 10.6] <0.001
C-NLR, median [IQR] 0.4 [0.2, 1.3] 0.4 [0.2, 1.0] 0.6 [0.2, 3.1] 0.046

C-LMR, median [IQR] 3.3 [2.0, 10.3] 3.0 [2.0, 9.1] 5.4 [2.40, 23.1] 0.031
Vascular risk factors
Cerebral hemorrhage, n (%) 0.901

Yes 9 (4.4) 7 (4.3) 2 (4.7)
No 195 (95.5) 155 (95.6) 40 (95.2)

Transient ischemic attack, n (%) 0.338

Yes 56 (27.4) 42 (25.9) 14 (33.3)
No 148 (72.5) 120 (74.0) 28 (66.6)

Atrial fibrillation, n (%) <0.001

Yes 26 (12.7) 14 (8.6) 12 (28.5)
No 178 (87.2) 148 (91.3) 30 (71.4)

Coronary heart disease, n (%) 0.002

Yes 43 (21.0) 27 (16.6) 16 (38.0)
No 161 (78.9) 135 (83.3) 26 (61.9)

Hypertension, n (%) 0.503

Yes 147 (72.0) 115 (70.9) 32 (76.1)
No 57 (27.9) 47 (29.0) 10 (23.8)

Diabetes mellitus, n (%) 0.022

Yes 85 (41.6) 61 (37.6) 24 (57.1)
No 119 (58.3) 101 (62.3) 18 (42.8)

Hyperlipemia, n (%) 0.003

Yes 141 (69.1) 120 (74.1) 21 (50.0)
No 63 (30.8) 42 (25.9) 21 (50.0)

Myocardial infarction, n (%) 0.279

Yes 12 (5.8) 11 (6.8) 1 (2.3)
No 192 (94.1) 151 (93.2) 41 (97.6)

Renal insufficiency, n (%) 0.147

Yes 14 (6.8) 9 (5.5) 5 (11.9)
No 190 (93.1) 153 (94.4) 37 (88.0)

Medication use history
Anti-hypertension, n (%) 0.503

Yes 147 (72.1) 115 (70.9) 32 (76.2)

No 57 (27.9) 47 (29.0) 10 (23.8)

Hypoglycemic drugs, n (%) 0.050
Yes 80 (39.2) 58 (35.8) 22 (52.4)

No 124 (60.7) 104 (64.1) 20 (47.6)

Anti-platelet, n (%) 0.113
Yes 155 (75.9) 127 (78.3) 28 (66.6)

No 49 (24.0) 35 (21.6) 14 (33.3)

Statins, n (%) 0.012
Yes 160 (78.4) 133 (82.0) 27 (64.2)

No 44 (21.5) 29 (17.9) 15 (35.7)

(Continued)
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admission, 24h after thrombolysis (P<0.05). According to univariate logistic regression analysis, C-NLR (OR=1.145, 95% 
CI=1.034~1.268, P=0.009), C-LMR (OR=1.020, 95% CI=1.006~1.034, P=0.004) were both risk factors for the prognosis of 
AIS patients after intravenous thrombolysis at 90 days. Then, we included factors such as age, atrial fibrillation, coronary heart 
disease, diabetes mellitus, hyperlipidemia, hypoglycemic drugs, statins, systolic blood pressure, NIHSS, and mRS at 
admission and after intravenous thrombolysis in the multivariate logistic regression analysis. C-NLR (OR=1.586, 95% 
CI=1.098~2.291, P=0.014) and C-LMR (OR=1.099, 95% CI=1.025~1.179, P=0.008) were independent risk factors for 90- 
day prognosis in AIS patients after intravenous thrombolysis (Table 2, Figure 3).

According to ROC analysis shown in (Figure 4), the results showed that the area under the curve of C-NLR was 0.6, 
the specificity was 91.4%, the sensitivity was 35.7%, the Youden index was 0.271, and the optimal offcut value was 
2.559. The area under the C-LMR curve was 0.608, the specificity was 85.8%, the sensitivity was 40.5%, the Youden 
index was 0.26, and the optimal cutoff value was 14.917. Therefore, C-NLR and C-LMR have a certain predictive value 
for the poor prognosis of AIS patients at 90 days.

According to the optimal cutoff values of C-NLR and C-LMR in ROC analysis, the patients were divided into two 
groups and survival analysis was performed. The mortality rate was 4.4% (9/204) in C-NLR>2.559 patients, and the 
mortality rate was 4.4% (9/204) in C-LMR>14.917 patients. Figure 5 shows that patients of C-NLR>2.559 or 
C-LMR>14.917 have a higher risk of death.

Discussion
For AIS patients with onset within this time window, the current mainstream treatment principle is reperfusion therapy to 
improve the blood flow of the occluded vessels. Recombinant tissue plasminogen activator (rt-PA), as a recombinant tissue 
fibrinogen activator, can convert fibrinogen into thrombolytic enzyme to dissolve thrombus, improve vascular recanalization 
rate, make ischemic brain tissue regain blood perfusion, and thus improve neurological function of patients.18 Intravenous 

Table 1 (Continued). 

Variables Total (n=204) Good Outcome (n=162) Poor Outcome (n=42) P-value

Personal History
Smoking history, n (%) 0.481

Yes 42 (20.5) 35 (21.6) 7 (16.6)

No 162 (79.4) 127 (78.3) 35 (83.3)

Drinking history, n (%) 0.371
Yes 60 (29.4) 50 (30.8) 10 (23.8)

No 144 (70.5) 112 (69.1) 32 (76.1)

Clinical indicators
SBP, median [IQR] 141.4 [132.3, 150.3] 142.1 [133.0, 150.6] 135.4 [127.9, 144.6] 0.033

DBP, mean (±SD) 80.6±9.2 81.1±9.3 78.6±8.6 0.117

TC, mean (±SD) 4.3±1.1 4.4±1.1 4.1±0.9 0.064
TG, median [IQR] 1.3 [1.0, 1.7] 1.2 [1.0, 1.8] 1.3 [0.9, 1.6] 0.909

HDL, median [IQR] 1.3 [1.0, 1.4] 1.2 [1.1, 1.5] 1.2 [1.0, 1.4] 0.131

LDL, mean (±SD) 2.6±0.9 2.7±0.9 2.4±0.7 0.112
Stroke assessment
A-NIHSS, median [IQR] 4.0 [2.0, 7.0] 3.0 [2.0, 5.0] 12.0 [7.0, 16.0] <0.001

I-NIHSS, median [IQR] 2.0 [1.0, 6.0] 2.0 [1.0, 4.0] 11.0 [7.0, 15.0] <0.001
A-mRS, median [IQR] 3.0 [1.0, 4.0] 2.0 [1.0, 3.0] 4.0 [4.0, 5.0] <0.001

I-mRS, median [IQR] 1.0 [1.0, 3.0] 1.0 [1.0, 2.0] 4.0 [4.0, 5.0] <0.001

Notes: P<0.05 was considered statistically significant. 
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; CRP, high sensitivity C-reactive protein; C-NLR: CRP/ 
neutrophil-to-lymphocyte ratio; C-LMR: CRP×lymphocyte-to-monocyte ratio; SD:standard deviation; IQR: Interquartile Range; SBP, systolic blood 
pressure; DBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides; HDL, high density lipoprotein; LDL, low density lipoprotein; NIHSS, 
National Institutes of Health Stroke Scale; A-N, National Institutes of Health Stroke Scale on admission; I-N, National Institutes of Health Stroke Scale 
after intravenous thrombolytic therapy; mRS, modified Rankin scale; A-mRS, modified Rankin scale on admission; I-mRS, modified Rankin scale after 
intravenous thrombolytic therapy.
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thrombolytic therapy has a strict time window limit in clinical practice, and it cannot effectively improve the vascular 
recanalization rate for stroke patients with large vessel occlusion. At the same time, about 12%–34% of patients have vascular 
reocclusion after rt-PA thrombolytic therapy, which seriously affects the prognosis of the disease.19,20 Therefore, we used 
inflammatory markers to predict the possibility of poor outcome of intravenous thrombolysis.

Figure 2 Violet plot of C-NLR and C-LMR. 
Abbreviations: C-NLR, CRP/neutrophil-to-lymphocyte ratio; C-LMR, CRP×lymphocyte-to-monocyte ratio.

Table 2 Univariate and Multivariate Logistic Regression of NLR, LMR, CRP, 
C-NLR, C-LMR

Univariate Analysis *Multivariate Analysis

OR.95% CI P_value OR.95% CI P_value

NLR 1.185(1.060~1.324) 0.003 1.022(0.877~1.191) 0.784

LMR 0.673(0.524~0.864) 0.002 0.935(0.588~1.488) 0.777
CRP 1.042(1.013~1.071) 0.004 1.047(0.996~1.101) 0.074

C-NLR 1.145(1.034~1.268) 0.009 1.586(1.098~2.291) 0.014

C-LMR 1.020(1.006~1.034) 0.004 1.099(1.025~1.179) 0.008

Notes: P<0.05 was considered statistically significant. *Variables adjusted for multivariate regression 
analysis are as follows: age, atrial fibrillation, coronary heart disease, diabetes mellitus, hyperlipidemia, 
hypoglycemic drugs, Statins, systolic blood pressure, NIHSS on admission; NIHSS after intravenous 
thrombolytic therapy; mRS on admission; mRS after intravenous thrombolytic therapy. 
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; CRP, 
high sensitivity C-reactive protein; C-NLR: CRP/neutrophil-to-lymphocyte ratio; C-LMR: 
CRP×lymphocyte-to-monocyte ratio; OR, odd ratio; 95% CI, 95% confidence interval.

https://doi.org/10.2147/IJGM.S456144                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2024:17 990

Zhang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Previous studies have proposed that inflammatory markers play an important role in the ultra-early onset of ischemic 
stroke. In the early stage of the disease, the ischemic brain tissue is necrotic, the blood–brain barrier is damaged, and the 
ischemic penumbra appears, which releases a large amount of oxygen free radicals, thereby mediating the release of 
inflammatory factors. Leukocytes, neutrophils, monocytes, and other cells aggregate under the action of chemokines, 
through the destroyed blood–brain barrier, release inflammatory mediators, and aggravate the damage to brain tissue. 

Figure 3 Univariate and multivariate logistic regression analysis forest plots for NLR, LMR, CRP, C-NLR, C-LMR. 
Notes: 95% Confidence Interval of univariate analysis: NLR, 1.060~1.324; LMR, 0.524~0.864; CRP, 1.013~1.071; C-NLR, 1.034~1.268; C-LMR, 1.006~1.034. 95% 
Confidence Interval of multivariate analysis: NLR, 0.877~1.191; LMR, 0.588~1.488; CRP, 0.996~1.101; C-NLR, 1.098~2.291; C-LMR, 1.025~1.179. 
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; CRP, high sensitivity C-reactive protein; C-NLR, CRP/neutrophil-to-lymphocyte 
ratio; C-LMR, CRP×lymphocyte-to-monocyte ratio.
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A retrospective study by Tokgoz found that NLR value can be used as an independent risk factor for neurological 
deterioration in AIS patients.21 Lattanzi’s study proved the correlation between NLR and early neurological impairment. 
Compared to uninjured, patients in the early stage, especially those who deteriorated in 1 week, had significantly higher 
neutrophil counts, and lower lymphocyte counts, resulting in an increase in NLR value.22 The inflammatory response 
caused by intravenous thrombolytic therapy in the early stage is far more intense than that in the recovery stage of the 
disease, with strong specificity, which has become the pathological basis for us to observe the prognosis of the disease 
with inflammatory indicators.

In previous pathological and clinical studies, neutrophils, lymphocytes, and monocytes play an important role in the 
ultra-early stage of stroke.23 Neutrophils accumulate in the early stage of stroke and play a dominant role in the 
subsequent inflammatory response. Studies have shown that the extracellular matrix-activating enzyme MMP-9 released 
by a large number of neutrophils destroy the blood–brain barrier and cause brain tissue necrosis.24 The related 
inflammatory factors released by neutrophils are also key factors that aggravate brain tissue damage.25–27

Lymphocytes are closely related to the immune inflammatory response in the early stage of stroke, which runs 
through the processes of brain tissue necrosis, brain edema, neuroinflammation, and nerve repair. In the ultra-early stage 
of cerebral ischemia, lymphocytes mainly DNT cells infiltrated in the ischemic penumbra. Within 3 days, CD4+T cells 
began to infiltrate in large numbers, while at about 1 month, CD8+T cells began to infiltrate in large numbers, more 
numerous than before, and the response was more intense.28–30 After that, NK cells and B cells are also heavily involved 
in the inflammatory response during the long recovery process of the disease.31 On the other hand, the peripheral 
inflammatory response caused by AIS focal lesions activates IL-1 and TNF-α, which continuously infiltrate into the 
center and aggravate the necrosis of brain tissue.32 In addition, studies have shown that the number of T lymphocyte 
subsets has a significant downward trend within 14 days of ischemic necrosis of brain tissue, but the inflammatory 
response still maintains a relatively severe degree under the stimulation of various factors.33 Some studies have focused 
on the neuroprotective effects of lymphocytes. Xiong’s study has shown that the anti-inflammatory cytokine IL-4 
secreted by T lymphocytes has nutritional and protective functions in neurons, while another anti-inflammatory cytokine 
IL-10 significantly reduces the pro-inflammatory function of T lymphocytes.34,35

Monocytes are also an important part of the body’s immune defense mechanism. Inflammatory mediators mediated by 
monocytes migration to the endothelium are important risk factors for atherosclerosis.36 Another study also confirmed 

Figure 4 Receiver operating characteristic(ROC) curve of C-NLR, C-LMR. 
Abbreviations: C-NLR, CRP/neutrophil-to-lymphocyte ratio; C-LMR, CRP×lymphocyte-to-monocyte ratio.
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that early neurological deterioration and clinical outcome of ischemic stroke were associated with a surge in the 
percentage of CD14++/CD16+ monocytes.37

High-sensitivity C-reactive protein (CRP), as a commonly used clinical inflammatory index, is highly sensitive to inflam-
matory response and also plays an important role in the process of stroke. The inflammatory response caused by ischemic 
necrosis of brain tissue increases CRP, which leads to the aggravation of arteriosclerosis, activates the complement system, 
inhibits the fibrinolytic system, and eventually forms thrombosis.38,39 However, CRP is lack of specificity for inflammatory 
responses after brain ischemia, and stroke patients often have urinary tract infection, pulmonary infection, arteriosclerosis, and 
other inflammatory reactions. It has great limitations to independently predict the prognosis of stroke by CRP.15,16,40,41

Based on the above discussion, our novel biomarkers, C-NLR and C-LMR, integrate these four inflammatory markers and 
to some extent avoid the unspecificity of individual indicators. In a retrospective study, it was found that C-NLR could be used 
as an important indicator to predict the poor prognosis of patients with malignant pleural mesothelioma undergoing 
extrapleural pneumonectomy, which has a certain clinical significance.42 There are also studies that define C-NLR as 
CRP×neutrophil-to-lymphocyte ratio to predict poor prognosis in patients with heart failure and pancreatic cancer after 
surgery.43,44 However, studies on the combination of CRP and LMR are relatively lacking, and C-NLR and C-LMR are rarely 
used in the field of cerebrovascular diseases. Therefore, our study tried to make up for this deficiency.

Figure 5 Kaplan-Meier survival curve of C-NLR and C-LMR. 
Notes: log-rank<0.05 was considered statistically significant. 
Abbreviations: C-NLR, CRP/neutrophil-to-lymphocyte ratio; C-LMR, CRP×lymphocyte-to-monocyte ratio.
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Regarding the impact of intervention therapy on biomarkers, Gong’s study suggested that intravenous thrombolysis to 
help revascularization significantly affected the level of inflammatory biomarkers, manifested in early neurological 
function changes in symptoms.12 However, Ma’s study pointed out that the combination of inflammatory indicators and 
a long enough observation period can reduce this effect and maximize the prediction of inflammatory indicators for poor 
prognosis.8 Our retrospective study concluded that higher C-NLR and C-LMR were associated with poor prognosis based 
on this consideration. Given that recovery from stroke is a long process, it is of great significance for the early treatment 
and long-term rehabilitation of AIS.

Our research also has unavoidable limitations. First of all, our sample size is insufficient, resulting in a lack of universality, 
and the influencing factors we collected are insufficient compared with complex clinical situations, and there is a lack of 
thorough methods to control confounding factors. The observation time is relatively short compared with the recovery period 
of stroke and cannot fully reflect the prognosis of stroke. DNT time was not included in the study, and individual differences in 
prognosis of thrombolytic therapy could not be observed. Future studies are expected to make up for these limitations.

Conclusion
Higher C-NLR and C-LMR were associated with unfavorable prognosis. C-NLR and C-LMR can be used as biomarkers 
to predict prognosis of AIS patients treated with early intravenous thrombolysis.
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