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Abstract. Ischemic stroke is one of the major causes of death 
and long‑term disability worldwide. C‑reactive protein (CRP) as 
a potential biomarker for functional outcome after acute isch‑
emic stroke remains controversial. The aim of the present study 
was to examine the association between the level of CRP and 
functional outcome of stroke. A total of 218 consecutive patients 
with acute ischemic stroke within 24 h after onset were recruited 
for the study. Poor functional outcome was defined as a modified 
Rankin scale score of >2 at 3 months after stroke. The retrospec‑
tive analysis was performed to investigate whether CRP within 
24 h after stroke is associated with poor functional outcome 
at 3 months. Multivariate logistic regression analysis indicated 
that the CRP level (odds ratio=1.146, 95%CI: 1.012‑1.297, 
P=0.031) was an independent risk factor for poor outcome. The 
receiver operating characteristics curve analysis revealed that 
the optimal cut‑off value of CRP to distinguish favorable from 
poor outcome was 6.34 (area under the curve=0.829, 95%CI: 
0.772‑0.887, P<0.001), with 68.2% sensitivity and 85.7% speci‑
ficity. Spearman correlation analysis indicated that the CRP level 
was positively related to the baseline National Institutes of Health 
Stroke Scale (NIHSS) score (r=0.551, P<0.001), fasting glucose 
(r=0.301, P<0.001) and age (r=0.252, P<0.001). In conclusion, a 
high level of CRP within 24 h after onset was associated with 
a poor functional outcome after the acute ischemic event. The 
elevation of CRP may be correlated with the baseline NIHSS 
score, fasting glucose and age.

Introduction

Stroke is a serious global health problem and the second leading 
cause of disability worldwide (1,2). An estimated 80‑87% of 

cases are ischemic (3). Over the past few decades, it has been 
established that inflammatory reaction has a vital pathophysi‑
ological role in the development of ischemic stroke (4,5). In 
the acute phase, inflammation may aggravate secondary brain 
damage through activation of glial cells, upregulation of 
pro‑inflammatory cytokines and disruption of the blood‑brain 
barrier (6). This suggests, to a certain extent, that inflammation 
may be a target for the prevention of secondary strokes (7).

Plasma C‑reactive protein (CRP) is predominantly synthe‑
sized by the liver after tissue damage and is a sensitive marker of 
inflammation (8). According to previous research, CRP‑based 
inflammatory markers were associated with various inflam‑
matory conditions, such as diabetic nephropathy (9), subacute 
thyroiditis (10) and hepatitis (11). As stroke is also associated 
with inflammation, it is worthwhile studying CRP in subjects 
who have suffered a stroke. Although the association between 
CRP and clinical outcomes in patients with stroke has been 
under intense investigation, it has remained inconclusive. 
Certain studies suggested that CRP was related to post‑stroke 
functional outcome (12‑15), whereas other studies reported no 
significant association (8,16,17). In addition, factors that may 
be related to CRP levels in patients with acute ischemic stroke 
have rarely been explored.

In the present study, the association between plasma CRP 
levels and the functional outcomes of patients with acute isch‑
emic stroke were investigated and relevant factors that may 
influence CRP expression levels were analyzed.

Subjects and methods

Patients. The study included 218 consecutive patients with 
acute ischemic stroke who were hospitalized and treated at 
the affiliated hospital of Soochow University (Suzhou, China) 
within 24 h after the onset of symptoms between June 2019 
and January 2020. Acute ischemic stroke was defined as 
a sudden global or focal neurological deficit persisting for 
>24 h, which occurred owing to global or focal brain dysfunc‑
tion as confirmed by computed tomography and/or magnetic 
resonance imaging at first presentation  (18). Patients with 
hemorrhagic stroke, stroke mimics (such as hypoglycemia or 
complicated migraine), transient ischemic attack, a history 
of recent infection within 1 month prior to the stroke, infec‑
tion as a secondary complication of stroke within 24 h after 
admission, history of surgery or trauma within 3 months, 
statin use, corticosteroids or anti‑inflammatory drug use 
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prior to hospitalization were excluded from the present study. 
Infection, such as pneumonia, urinary tract infections or pres‑
sure sore, was diagnosed by chest X‑ray, routine urine analysis 
or comprehensive physical examination. All participants 
were given standardized antithrombotic treatment following 
the 2018 China Guidelines for the Diagnosis and Treatment 
of Acute Ischemic Stroke  (19). Written informed consent 
was obtained from the patients or their relatives. The present 
study was approved by the ethics committee of the Affiliated 
Hospital of Soochow University (Suzhou, China; no. 2018104).

Stroke‑related clinical data. The patients' data, including 
age, sex, stroke severity evaluated by the initial National 
Institutes of Health Stroke Scale (NIHSS) score, past medical 
history (hypertension, diabetes, coronary heart disease, atrial 
fibrillation, smoking and alcohol consumption), the labora‑
tory data (low‑density lipoprotein, high‑density lipoprotein, 
triglycerides, total cholesterol, CRP and fasting glucose), were 
retrospectively reviewed. Venous fasting blood samples were 
obtained from each patient on the morning after admission. 
The level of CRP was measured by immunoturbidimetry 
assay (Olympus Au2700 automatic biochemical analyzer; 
Orion Diagnostics Oy). Hypertension was defined based on 
history of high blood pressure and/or two or more recordings 
exceeding 140/90 mmHg during the hospital stay. Type 2 
diabetes was defined based on any history of diabetes and/or a 
fasting glucose level of ≥7.0 mmol/l or random blood glucose 
≥11 mmol/l measured at >2 different time‑points during the 
hospital stay. Atrial fibrillation was defined when at least one 
electrocardiogram indicated the presence of atrial fibrillation 
during the hospital stay or if a history of atrial fibrillation 
was present. Smoking was defined as smoking of at least one 
cigarette a day for at least six months prior to hospitalization. 
Alcohol consumption was defined as drinking alcohol more 
than once a week on average during the past year.

Functional outcome measurement. Trained neurologists 
determined the modified Rankin Scale (mRS) scores [ranging 
from 0 (no symptoms at all) to 6 (death)] to evaluate func‑
tional outcomes after 3 months. The mRS score was usually 
recorded in the outpatient department or via a standardized 
telephone follow‑up interview if the former was not feasible. 
A poor functional outcome was defined as an mRS score >2 
at 3 months after stroke (20).

Statistical analysis. The Kolmogorov‑Smirnov test was used 
to analyze whether the data for the study variables followed 
a normal distribution. Continuous variables conforming to 
a normal distribution are expressed as the mean ± standard 
deviation (SD) and continuous variables with a non‑normal 
distribution as the median [interquartile range (IQR)]. 
Categorical variables are expressed as n (%). Differences 
between the two groups were examined using χ2, t‑tests and 
Mann‑Whitney U‑tests as appropriate. Furthermore, multivar‑
iate logistic regression models were used to determine factors 
independently associated with clinical outcome at 3 months. 
Odds ratios (OR) and 95% confidence intervals (CI) were 
calculated to estimate the association between CRP levels and 
functional outcome. Receiver operating characteristic (ROC) 
curve analysis and Youden's J statistic were used to determine 

the best cut‑off value of CRP for predicting poor outcome. A 
Spearman correlation analysis was used to explore the correla‑
tion between the stroke‑related variables and CRP levels. All 
tests were two‑sided and P<0.05 was considered to indicate 
statistical significance. All statistical analyses were performed 
using SPSS for Windows (version 23.0; IBM Corporation).

Results

Baseline characteristics. The clinical characteristics, labora‑
tory data and outcomes of the patients were summarized in 
Table I. Of the 218 patients, 133 (61.0%) were male and 85 
(39.0%) were female. The mean age was 66.7±12.3 years. The 
median NIHSS score on admission was 10.0 (IQR, 6.0‑14.0). 
The median CRP level was 3.7 (IQR, 1.7‑10.6) mg/l. The 
3‑month mRS scores were obtained by the outpatient depart‑
ment follow‑up for 48 (22.0%) patients and standardized 
telephone follow‑up interview for 170 (78.0%) patients. In 
total, 85 (39.0%) patients had a poor functional outcome and 
35 (16.1%) died at 3 months after their acute ischemic stroke 
(data not shown).

 In the univariate analysis, patients with poor functional 
outcomes were more likely to have an older age (mean, 70.0 
vs. 64.7 years; P=0.002), higher NIHSS score (median, 16.0 
vs. 8.0; P<0.001), higher level of fasting glucose (median, 6.4 
vs. 5.3 mmol/l; P<0.001) and higher levels of CRP (median, 
10.7 vs. 1.9 mg/l; P<0.001) compared to patients with good 
functional outcomes (Table I).

Multivariate model for poor outcome. After adjusting for 
age and fasting blood glucose, multivariate logistic regres‑
sion analysis indicated that the CRP level (OR=1.146, 
95%CI: 1.012‑1.297, P=0.031; Table II) and NIHSS score 
(OR=2.056, 95%CI: 1.615‑2.619, P<0.001; Table  II) were 
independently associated with a poor outcome at 3 months 
after the stroke.

Figure 1. ROC curve analysis of predictive value of C‑reactive protein for 
functional outcome. ROC, receiver operating characteristic.
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Predictive value of CRP level for poor outcome. The ROC 
curve analysis indicated that the area under the ROC curve 
to distinguish favorable from poor outcome at 3 months was 
0.829 (95% CI: 0.772‑0.887, P<0.001). When the Youden index 
value was the highest (0.539), the optimal cut‑off value of CRP 
found from the ROC curve was 6.34 mg/l, with 68.2% sensi‑
tivity and 85.7% specificity (Fig. 1).

Baseline characteristics and relevant factors associ‑
ated with different CRP levels. According to the optimal 
cut‑off value of CRP, the patients were divided into two 
groups. Subsequently, χ2, t‑tests or Mann‑Whitney U‑tests 

were performed as appropriate to explore stroke‑related 
clinical data that may be related to the CRP expression 
level. Univariate analysis indicated that patients with CRP 
≥6.34 mg/l were older (mean, 70.4 vs. 64.8 years; P=0.002), 
had a higher baseline NIHSS score (median, 14.5 vs. 8.0; 
P<0.001) and higher levels of fasting glucose (median, 6.4 vs. 
5.3 mmol/l; P<0.001; Table III). Furthermore, a Spearman 
correlation analysis was used to investigate the association 

Table I. Results of the univariate analysis of factors affecting the 3‑month functional outcome (modified ranking scale at the third 
month after stroke) of patients with acute ischemic stroke.

Variable	 All patients (n=218)	 Poor outcome (n=85)	 Favorable outcome (n=133)	 P‑value

Age, years 	 66.7±12.3	 70.0±12.4	 64.7±11.9	 0.002
Male sex	 133 (61.0)	 57 (67.1)	 76 (57.1)	 0.143
Initial NIHSS score	 10 (6‑14)	 16 (12‑20)	 8 (5‑9)	 <0.001
Past medical history				  
  Hypertension	 149 (68.3)	 54 (70.0)	 95 (71.4)	 0.221
  Diabetes	 37 (17.0)	 16 (16.7)	 21 (17.0)	 0.560
  Coronary heart disease	 68 (31.2)	 26 (30.6)	 42 (31.6)	 0.878
  Atrial fibrillation	 33 (15.1)	 9 (10.6)	 24 (18.0)	 0.134
  Smoking 	 59 (27.0)	 20 (23.5)	 39 (29.3)	 0.348
  Alcohol consumption	 39 (17.9)	 11 (12.9)	 28 (21.1)	 0.127
Laboratory results				  
  Low‑density lipoprotein, mg/dl	 2.5 (2.1‑3.3)	 2.5 (2.1‑3.3)	 2.5 (2.1‑3.2)	 0.939
  High‑density lipoprotein, mg/dl	 1.0 (0.9‑1.2)	 1.0 (0.9‑1.3)	 1.0 (0.9‑1.2)	 0.549
  Triglycerides, mg/dl	 1.3 (1.0‑2.0)	 1.3 (0.9‑1.8)	 1.4 (1.0‑2.1)	 0.245
  Total cholesterol, mg/dl	 4.3 (3.4‑5.0)	 4.3 (3.6‑5.1)	 4.2 (3.4‑5.0)	 0.817
  CRP, mg/l 	 3.7 (1.7‑10.6)	 10.7 (5.1‑13.6)	 1.9 (1.0‑4.8)	 <0.001
  Fasting glucose, mmol/l	 5.6 (5.0‑7.0)	 6.4 (5.5‑7.9)	 5.3 (4.9‑6.4)	 <0.001
  Telephone follow‑up	 170 (78.0)	 62 (72.9)	 108 (81.2)	 0.375

Values are expressed as the mean ±  standard deviation, median (interquartile range) or n (%). CRP, C‑reactive protein; NIHSS, National 
Institutes of Health Stroke scale.

Table II. Results of the multivariate logistic regression analysis 
of factors affecting 3‑month functional outcome of patients 
with acute ischemic stroke.

		  95% confidence	
Variable	 Odds ratio	 interval	 P‑value

Age	 1.025	 0.977‑1.076	 0.310
Initial NIHSS score	 2.056	 1.615‑2.619	 <0.001
CRP	 1.146	 1.012‑1.297	 0.031
Fasting glucose	 1.116	 0.851‑1.463	 0.428

The regression analysis was performed for incremental increases of 
the parameters. CRP, C‑reactive protein; NIHSS, National Institutes 
of Health Stroke scale.

Figure 2. CRP levels were positively correlated with the baseline NIHSS 
score. NIHSS, National Institutes of Health Stroke scale; CRP, C‑reactive 
protein.
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between stroke‑related clinical data and CRP levels. The 
results indicated that the CRP level was positively related 
to the baseline NIHSS score (r=0.551, P<0.001) (Fig.  2), 
fasting glucose (r=0.301, P<0.001) (Fig. 3) and age (r=0.252, 
P<0.001) (Fig. 4).

Discussion

The present study indicated that elevated CRP levels within 
the first 24 h after stroke were significantly associated with 
poor functional outcome 3 months after stroke In addition, 

CRP levels were found to be likely correlated with stroke 
severity at admission, fasting glucose levels and age.

Similar to the findings reported in most studies (12‑15), 
the present data indicated that CRP levels were independently 
associated with the functional outcomes of stroke. CRP is 
a glycoprotein produced by the liver, which may be rapidly 
upregulated by inflammatory cytokines, thereby potentiating 
ischemic brain injury (21). Furthermore, CRP may increase 
cerebral cell damage by promoting the development and 
progression of atherosclerosis, activating the complement 
system, inhibiting the fibrinolytic system and promoting 

Table III. Comparison of baseline characteristics and outcome of patients with different CRP levels.

Variable	 CRP <6.34 mg/l (n=142)	 CRP ≥6.34 mg/l (n=76)	 P‑value

Age, years	 64.8±12.2	 70.4±11.5	 0.002
Male sex	 88 (62.0)	 45 (59.2)	 0.690
Initial NIHSS score	 8 (6‑11.8)	 14.5 (11‑18.5)	 <0.001
Past medical history			 
  Hypertension	 95 (66.9)	 54 (71.1)	 0.530
  Diabetes	 24 (16.9)	 13 (17.1)	 0.970
  Coronary heart disease	 43 (30.3)	 25 (32.9)	 0.691
  Atrial fibrillation	 19 (13.4)	 14 (18.4)	 0.322
  Smoking	 37 (26.1)	 22 (28.9)	 0.647
  Alcohol consumption	 22 (15.5)	 17 (22.4)	 0.207
Laboratory results			 
  Low‑density lipoprotein, mg/dl	 2.5 (2.1‑3.2)	 2.4 (2.0‑3.3)	 0.213
  High‑density lipoprotein, mg/dl	 1.0 (0.9‑1.2)	 1.0 (0.9‑1.3)	 0.363
  Triglycerides, mg/dl	 1.4 (1.0‑2.1)	 1.2 (0.9‑1.7)	 0.065
  Total cholesterol, mg/dl	 4.4 (3.7‑5.0)	 3.9 (3.3‑4.9)	 0.116
  Fasting glucose, mmol/l	 5.2 (4.8‑6.4)	 6.4 (5.6‑8.3)	 <0.001
  3‑month mRS >2	 25 (17.6)	 60 (78.9)	 <0.001

Values are expressed as the mean ±  standard deviation, median (interquartile range) or n (%). CRP, C‑reactive protein; NIHSS, National 
Institutes of Health Stroke scale; mRS, modified Rankin scale.

Figure 3. CRP levels were positively correlated with fasting glucose. CRP, 
C‑reactive protein.

Figure 4. CRP levels were positively correlated with age. CRP, C‑reactive 
protein.
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thrombosis (22). Thus, an increase in CRP levels may reflect a 
greater degree of cerebral necrosis (22). Certain studies have 
indicated that CRP levels are not significantly associated with 
stroke outcomes. In the studies of Topakian et al  (16) and 
Karlinski et al (17), CRP assessed within 24 h from symptom 
onset was not associated with the 3‑month outcome; however, 
all of their patients were treated with intravenous thrombolysis 
treatment. The reason may be that early thrombolytic treat‑
ment may reduce systemic inflammation due to inhibition of 
brain tissue necrosis (23). Wang et al (8) performed a study 
comprising 368 patients and a systematic review of 18 studies 
involving 15,238 patients. They determined that CRP was 
not associated with poor outcome in patients with infection. 
Previous research has demonstrated that infection may prolong 
patients' hospital stay and delay recovery, thereby affecting 
functional outcomes (24). Furthermore, infection may signifi‑
cantly increase CRP levels, weakening the effect of CRP alone 
on stroke outcomes.

The present study determined that the best cutoff value 
of CRP to distinguish between good and poor outcomes was 
6.34 mg/l, which was higher than the 3.0 mg/l reported by 
Li et al (15). This discrepancy is likely due to the fact that in 
this previous study, the cohort had mild ischemic stroke and 
transient ischemic attack with lower NIHSS scores than those 
in the present study.

In accordance with previous studies (25,26), the present 
study demonstrated that an elevated CRP level was corre‑
lated with stroke severity at admission, although the studies 
included different populations. Increased CRP levels may 
emphasize enhanced cerebral ischemia or a continuous 
increase in inflammation (27). There is increasing evidence 
that the inflammatory mechanism after cerebral ischemia may 
lead to secondary neuronal damage (25,27). Otherwise, stroke 
severity is usually related to the extent of brain tissue necrosis. 
When necrotic tissue is cleared by cells, body fluids and meta‑
bolic mechanisms, a part of the inflammatory response may 
be attributed to the increase in CRP (28). Therefore, it is not 
surprising that elevated CRP levels are positively correlated 
with stroke severity.

The present study also indicated that CRP levels were 
positively correlated with fasting blood glucose. Chinsky (29) 
reported that hyperglycemia may lead to insulin resistance and 
impaired insulin secretion due to inflammatory mediators and 
cytokines, such as interleukin‑6 and TNF‑α, as well as exces‑
sive CRP release, leading to uncontrolled or even systemic 
inflammatory reactions. Intensive insulin therapy by the strict 
control of blood glucose levels may help reduce the incidence 
of infection and systemic inflammatory response (30).

The present study indicated that CRP levels 
were positively related to age. Stephan  et  al  (31) and 
Woloshin and Schwartz (32) reported that younger individuals 
tended to have lower CRP values due to higher homeostatic 
reserves and more sports activities, which reduces systemic 
inflammation and lowers CRP levels (33). This supports the 
present results.

However, the present study has certain limitations. This 
retrospective, single‑center study had a limited sample size. 
Further studies with a larger sample size across multiple 
centers are required. Infarct volume and rehabilitation treat‑
ment are important factors for stroke outcome that should 

be considered. However, due to the retrospective nature of 
the present study, these data were not included in the present 
analysis; these data will be included in a subsequent study. 
CRP levels were measured only once per patient and the 
exact time of collecting the blood samples was unknown, 
although all blood samples were collected within 24 h in this 
study. Additional studies with serial CRP measurements and a 
precise blood collection time are required. Finally, important 
conditions influencing CRP levels were not excluded (e.g., 
tissue injury, neoplastic disease, acute coronary syndrome and 
other inflammatory diseases); therefore, further studies with 
strict inclusion and exclusion criteria are warranted.

In conclusion, the present results suggest that CRP levels 
were associated with functional outcomes 3 months after the 
acute ischemic event; furthermore, CRP levels were related to 
older age, higher baseline NIHSS score and the fasting glucose 
levels on the next morning after admission.
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