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Purpose: To investigate the association of serum high-sensitivity C-reactive protein (hs-CRP) with the severity of neurological
deficits and prognosis in patients with acute cerebral infarction (ACI).

Patients and Methods: In this retrospective analysis, 119 patients with ACI were recruited from January to December 2020. The
serum hs-CRP level was measured by a latex-enhanced immunoturbidimetric assay. The severity of neurological deficits and prognosis
of ACI patients were assessed using the National Institutes of Health Stroke Scale (NIHSS) and the modified Rankin Scale (mRS).
Multivariate logistic analysis was performed and receiver operating characteristic (ROC) curves were plotted to evaluate the value of
hs-CRP in predicting the prognosis of ACI.

Results: The patients with a more favorable prognosis (mRS score 0-2) had a lower median serum hs-CRP level than those with
a worse prognosis (mRS score 3-6) (3.32 IQR: 1.51, 8.04 to 17.93 IQR:16.02, 19.01; P<0.001). After adjusting for potential
confounders, multivariable linear regression showed that serum hs-CRP level was independently associated with NIHSS score
(Beta = 0.952, P<0.001) and mRS score (Beta=0.878, P<0.001). Multivariate logistic analysis revealed that high hs-CRP level was
an independent predictor of the poor prognosis in patients with ACI (adjusted’ OR = 1.995; 95% CI = 1.499-2.655; adjusted” OR =
2.75; 95% CI = 1.015-7.457). ROC curve analysis indicated that the area under the curve for hs-CRP to predict poor prognosis was
0.986. The cutoff value, sensitivity, and specificity were 11.835 mg/L, 95%, and 92.5%, respectively. In terms of ischemic stroke
subtypes, the serum hs-CRP level was higher in large-artery atherosclerosis (LAA) patients than in those with small-artery occlusion
(SAO) and cardioembolism (CE). In addition, the patients with LAA had higher scores of NIHSS and mRS than those with SAO and
CE.

Conclusion: Serum hs-CRP level is an independent predictor of prognosis, and an efficient index to discriminate patients with ACI,
especially for those with LAA.
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Introduction
Stroke is the second leading cause of death and the third leading cause of disability in patients with cerebrovascular
diseases worldwide.! Acute cerebral infarction (ACI) accounts for 69.6-70.8% of all stroke cases. The high morbidity,
disability, and mortality due to ACI pose a heavy burden on public health.” Early prediction of ACI risk and prognosis is
essential to the successful management of ACI.

ACI manifests brain tissue necrosis caused by ischemia and hypoxia.> Cerebral atherosclerosis is the most common
cause of ACL*’ Inflammation affects cerebral atherosclerosis and plays a critical role in the pathogenesis of ACL®*®
High-sensitivity c-reactive protein (hs-CRP) is a marker of acute nonspecific inflammation in the course of ACL’

Previous studies have revealed that a high hs-CRP level predicts a poor prognosis for ACI patients.'” However, the
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association between hs-CRP and the degree of neurological deficits and prognosis is unclear in different stroke subtypes.
This study aimed to investigate the hs-CRP level in different ischemic stroke subtypes and their associations with the
scores measured with the National Institutes of Health Stroke Scale (NIHSS) and the 3-month modified Rankin
Scale (mRS).

Materials and Methods

Participants

A total of 119 patients diagnosed with ACI and hospitalized from January 2020 to December 2020 in the Department of
Neurology of the Affiliated Traditional Chinese Medicine Hospital of Southwest Medical University were enrolled.
Included were those aged >18 years, with symptoms setting on within 72 hours and confirmed by imaging data (CT or
MRI). The Trial of Org 10,172 in Acute Stroke Treatment (TOAST) is a system for classification of subtypes of ischemic
stroke based on etiology, including large-artery atherosclerosis (LAA), cardioembolism (CE), small-artery occlusion
(SAO), stroke of other determined etiology (SOE), and stroke of undetermined etiology (SUE).'! The patients were
classified into different subtypes by at least two experienced senior neurologists. Excluded were those with (1) a history
of surgery or trauma in the previous three months, (2) autoimmune diseases, malignancies, or infectious diseases, and (3)
severe liver failure or acute or chronic renal insufficiency.

Measurement of Hs-CRP

At admission before treatment, 5 mL of fasting venous blood was obtained from the patient, left to stand for 30 minutes,
and centrifuged at 3000 rpm for 15 minutes; then, the serum was collected. Serum hs-CRP level was measured by latex-
enhanced immunoturbidimetric assay. The suspension was prepared according to the instruction of the High Sensitivity
C-reaction Protein (HS-CRP) Kit (Myriad), and then tested using a fully automated biochemical analyzer (model: BS-
400). All operations were performed by a physician from a clinical laboratory of the Affiliated Traditional Chinese
Medicine Hospital of Southwest Medical University.

Assessment of Neurological Deficits and Outcomes
The severity of neurological deficits was estimated at admission using the NIHSS score. The deficit was classified as
follows:> mild (<5, the patient’s daily activities are not limited); moderate (5-15, the patient’s movements are partially
limited, with limb, speech or sensory disorders); severe (>15, the patient is completely incapable to care for themselves).
Clinical outcomes were scored using the modified Rankin scale (mRS) at 90 days after stroke onset. Criteria were as
follows: 0, completely asymptomatic; 1, no significant disability (the patient can perform all daily activities despite the
presence of symptoms); 2, slight disability (the patient is unable to perform daily activities, but able to manage personal
affairs without assistance); 3, moderate disability (the patient needs some assistance, but can walk independently); 4,
moderately severe disability (the patient is unable to walk and perform daily activities independently without help); 5,
severe disability (the patient is bedridden and in need of constant care). An mRS score of <2 predicted a favorable
prognosis, and an mRS score of >2 predicted a poor prognosis.'?

Statistical Analysis

All data were analyzed by IBM SPSS 25.0 software, and images were evaluated by GraphPad Prism 8 (GraphPad
Software, San Diego, USA). The normality of data was confirmed by using the Kolmogorov—Smirnov test. Non-
normality variables were expressed as median with interquartile range (IQR) and processed by nonparametric Mann—
Whitney U-tests or Kruskal-Walis H. Categorical data were compared using chi-squared tests.

The association between serum hs-CRP level and NIHSS score or mRS score was assessed through multivariate
linear regression analysis with adjustment for potential confounders. The association between hs-CRP level and ACI
prognosis was evaluated by the multivariable binary logistic regression analysis; odds ratios (OR) with 95% CI were
calculated. Potential confounding factors were adjusted in the multivariable model, including age, sex, smoking, alcohol
consumption, hypertension, NIHSS score, and stroke subtype. P values <0.05 were considered statistically significant.
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The receptor operating characteristic (ROC) curves were generated and the area under the curve (AUC) was calculated to
evaluate the ability of hs-CRP in predicting ACI prognosis.

Results

Baseline Clinical Characteristics

A total of 119 patients were enrolled in this study, including 75 (63.0%) men and 44 (37.0%) women, with an average
age of 68 (IQR 58, 72) years. Among the patients, 57 (47.9%) had a smoking history, 52 (43.7%) of alcohol
consumption, 82 (68.9%) of hypertension, 62 (52.1%) of diabetes mellitus, 32 (26.9%) of atrial fibrillation, and 48
(40.3%) of coronary artery disease. According to the etiological classification of TOAST, 59 cases (49.6%) were
classified as LAA, 37 cases (31.1%) as SAO, and 23 cases (19.3%) as CE. The median values of hs-CRP and NIHSS
scores were significantly lower in patients with a favorable prognosis than those with an unfavorable prognosis
(P<0.001). The incidence of hypertension was also lower in the group with a favorable prognosis. The baseline clinical
characteristics are presented in Table 1.

Association of Hs-CRP Level with NIHSS Score at Admission and mRS Score at 90
Days After Stroke Onset

Age, sex, smoking, alcohol consumption, comorbid diseases (hypertension, diabetes, Coronary artery disease, Atrial
fibrillation), and stroke subtype were incorporated into a multivariate linear regression analysis. The results suggested
that hs-CRP level was positively affected NIHSS score (P < 0.001) and mRS score (P < 0.001) (Table 2).

Association Between Hs-CRP Level and ACI Prognosis

Significant factors (P<0.05) in the univariate analysis and identified risk factors were subjected to the multivariable
binary logistic regression analysis. The results indicated that hs-CRP level independently affected the prognosis of
patients with ACI after adjusting for age, sex, NIHSS score, stroke subtype, smoking, drinking, and hypertension at
baseline (Table 3).

Table | Baseline Clinical Characteristics

Characteristics Total Favorable Unfavorable P value

(n=119) Prognosis Prognosis (n=40)

(n=79)

Age, median (IQR), year 68 (58, 72) 68 (59, 75) 69 (58, 74) 0.593
Male, n,(%) 75 (63.0) 51 (64.6) 24 (60) 0.627
Smoking, n (%) 57 (47.9) 37 (46.8) 20 (50) 0.744
Alcohol consumption, n (%) 52 (43.7) 35 (44.3) 17 (42.5) 0.851
Medical history, n (%)
Hypertension 82 (68.9) 47 (59.5) 35 (87.5) 0.002
Diabetes 62 (52.1) 44 (55.7) 18 (45) 0.270
Coronary artery disease 48 (40.3) 29 (36.7) 19 (47.5) 0.257
Atrial fibrillation 32 (26.9) 18 (22.8) 14 (35) 0.156
TOAST subtype, n (%) <0.001
LAA 59 (49.6) 29 (36.7) 30 (75)
SAO 37 3L.1) 31 (39.2) 6 (15)
CE 23 (19.3) 19 (24.1) 4 (10)
NIHSS score, median (IQR) 6 (3, 14) 4(3,6) 16 (13, 16) <0.001
hs-CRP, median (IQR), mg/L 8.04 (2.56, 16.23) 3.32 (1.51,8.04) | 17.93 (16.02, 19.01) | <0.001

Abbreviations: LAA, Large artery atherosclerosis; SAO, Small artery occlusions; CE, Cardioembolism; TOAST, Trial of Org 10,172 in
Acute Stroke Treatment; hs-CRP, high-sensitivity C-reactive protein; NIHSS, National Institutes of Health Stroke Scale.
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Table 2 Association Between Hs-CRP and NIHSS Score at Admission and mRS Score at 90 Days After
Stroke Onset

Factor NIHSS Scores mRS Scores

Beta SE P value Beta SE P value
Overall - - - - - -
hs-CRP 0.952 0.017 <0.001 0.878 0.008 <0.001
Age —0.058 0.019 0.061 —-0.077 0.009 0.207
Sex* 0.016 0.412 0.663 —0.032 0.199 0.656
Hypertension 0.060 0.249 0.006 0.071 0.120 0.095
Diabetes 0.014 0.290 0.591 0.013 0.141 0.806
Coronary artery disease 0.021 0.250 0.353 0.020 0.121 0.657
Atrial fibrillation 0.013 0.261 0.547 0.037 0.126 0.382
Smoking 0.040 0.335 0.201 0.005 0.162 0.932
Alcohol consumption —0.016 0.305 0.565 —0.001 0.148 0.981
TOAST subtype”
SAO —0.025 0.253 0.248 —0.019 0.123 0.661
CE —0.001 0.298 0.965 —0.039 0.144 0.371

Note: *Female as control; "LAA subtype as control.
Abbreviations: TOAST, Trial of Org 10,172 in Acute Stroke Treatment; hs-CRP, high-sensitivity C-reactive protein.

Table 3 Favorable Outcome at 90 Days

Factor Unadjusted Adjusted® Adjusted®
OR (95%Cl) P value OR (95%ClI) P value OR (95%ClI) P value
hs-CRP 1.958 (1.497-2.559) <0.001 1.995 (1.499-2.655) <0.001 2.75 (1.015-7.457) 0.47

Notes: *Adjusted for for age, sex, smoking and alcohol consumption at baseline. bAdjusted for for age, sex, smoking, alcohol consumption,
NIHSS scores, TOAST subtype and hypertension at baseline.

ROC curves showed that the area under the curve (AUC) of hs-CRP in predicting the prognosis of ACI at 90 days
was 0.986, with a cutoff value of 11.835 mg/L (sensitivity, 95%; specificity, 92.5%), indicating that high serum hs-CRP
level had a strong ability to predict the poor prognosis of ACI (Figure 1).

Increased Serum Hs-CRP Level in Patients with the LAA Subtype

The hs-CRP level in patients with LAA subtype was statistically higher than those in patients with SAO and CE
(Figure 2A). Moreover, the NIHSS and mRS scores of LAA patients were significantly higher than those of patients with
subtypes of SAO and CE (Figures 2B and C).

Discussion

Postischemic inflammation plays a vital role in the progression of cerebral ischemic injury.'*'* Inflammatory cascade can
be activated immediately after ischemic stroke.®'> Interactions between inflammatory cell may lead to long-term
vascular inflammation and ischemic brain injury.'®!'” Our findings lays a foundation for designing an early intervention
strategy based on Hs-CRP.

Hs-CRP is a common nonspecific inflammatory factor primarily secreted by the liver. Serum hs-CRP level elevates in
response to trauma, inflammation, or stress.'® Previous studies have shown that hs-CRP is sensitive to ischemic stroke,
and can be used to predict the risk of cerebrovascular events and mortality in the general population.'®** However, it
remains controversial whether hs-CRP level can serve as an independent predictor of prognosis in patients with ischemic
stroke.?! Therefore, it becomes important to verify the efficiency of serum hs-CRP in predicting the clinical prognosis
of ACL
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Figure | ROC curves of hs-CRP for a poor outcome at 90 days after stroke onset.
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Figure 2 Levels of hs-CRP, NIHSS scores as well as mRS scores in patients with different TOAST subtypes (A) hs-CRP levels in patients with ischemic stroke subtypes.
*#P<0.01 and ***P<0.001 from Kruskal-Walis H by Dunn’s multiple comparisons tests. (B) NIHSS scores in patients with ischemic stroke subtypes. **P<0.0| and ***P<0.001
from Kruskal-Walis H by Dunn’s multiple comparisons tests. (C) mRS scores in ischemic stroke subtypes. *P<0.05 and ***P<0.001 from Kruskal-Walis H by Dunn’s multiple

com parisons tests.

1775

Neuropsychiatric Disease and Treatment 2022:18
Dove:


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

Pu et al Dove

In this study, multivariable binary logistic regression analysis suggested that serum hs-CRP was an independent
prognostic factor of ACI. The ROC curve also showed that the AUC of hs-CRP was 0.986 to predict the poor ACI
prognosis at 90 days after onset. The above results suggest that serum hs-CRP level at admission can predict the short-
term prognosis of patients with ACI. Therefore, detecting hs-CRP may help predict the overall clinical outcome of ACI.

The potential mechanisms of high hs-CRP in worsening the prognosis of ACI are as follows: (1) High hs-CRP level
reflects the instability of atherosclerotic plaques. Hs-CRP can bind to lipoproteins, activate the classical complement
pathway, directly potentiate resting vascular endothelial cells, mediate the rolling, adsorption, and exudation of
leukocytes in endothelial cells, and form unstable plaques, a process that finally induces ischemic stroke.*? (2) Hs-
CRP can bind to hs-CRP receptors on monocytes and granulocytes, and damages brain cells through direct infiltration
and aggregation or indirect action (cytokine production). Elevated hs-CRP level can reflect chronic and persistent
damage to vascular endothelial cells. (3) Hs-CRP can lead to abnormal coagulation. Hs-CRP can induce abnormal
platelet aggregation and release to disrupt coagulation and hemostasis, thus increasing the risk of cerebrovascular
accidents.”

Currently, TOAST is most commonly used to classify stroke, and the risk factors for each stroke subtype are listed in
this system.”* This classification aids much in the clinical management of stroke.*> In this study, we observed that the
patients with LAA had a significantly higher hs-CRP level than those with SAO and CE. In addition, the patients with
LAA had also higher NIHSS and mRS scores than those SAO and CE. The above results indicate that patients with LAA
are more prone to severe neurological deficit and poor prognosis. Therefore, hs-CRP level may be a valuable biomarker
for identifying LAA subtype and predict the destiny of ACIL

This study also has certain limitations. First, this is a single-center, small-sample retrospective study, and the results
may need to be reconfirmed in a multicenter, large-sample, long follow-up study. Second, we measured serum hs-CRP
after admission and before treatment, but not during hospitalization, at discharge, and during follow-up, and we did not
monitor the changes in hs-CRP, and evaluate their relationship with the prognosis of ACI. Lastly, although multivariate
logistic regression analysis was conducted to adjust for potential confounders, unmeasured and residual confounders
might remain.

Conclusion
Serum hs-CRP level was positively associated with the severity of neurological deficits in patients with ACI. It can be
used to predict the prognosis of ACI and identify the etiological subtypes, especially the LAA subtype.

Abbreviations

hs-CRP, high-sensitivity C-reactive protein; ACI, acute cerebral infarction; NIHSS, National Institutes of Health Stroke
Scale; mRS, modified Rankin Scale; LAA, large artery atherosclerosis; SAO, small artery occlusions; CE, cardioembo-
lism; SOE, stroke of other determined etiology; SUE, stroke of undetermined etiology; AUC, area under the curve.
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