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High-sensitive CRP in ischaemic stroke patients –  
from risk factors to evolution

CRP stanovený vysoce senzitivní metodou u pa cientů s ichemickou 

cévní mozkovou příhodou –  od rizikových faktorů po vývoj

Abstract
Aim: High-sensitive C-reactive protein (hs-CRP) has demonstrated good sensitivity in the dia g-

nosis of cerebrovascular events. The study aimed to explore the as sociations between hs-CRP 

and stroke risk factors, neurological impairment, cerebral ischaemia and prognosis. Materials 

and methods: The study involved 153 patients categorized into two groups: patients with acute 

ischaemic stroke and patients with risk factors who had not had a stroke. Blood samples were 

col lected to analyze the serum level of hs-CRP. The National Institutes of Health Stroke Scale 

(NIHSS) was used to determine the neurological disability of the stroke patients upon hospital 

admis sion and upon discharge. Cerebral CT was performed on the same group of patients dur -

ing the fi rst 24 h after stroke onset and evidence of early ischaemic lesions was recorded. The 

stroke cases were divided into subgroups accord  ing to the TOAST clas sifi cation. Results: The serum 

levels of hs-CRP of the stroke patients were signifi cantly higher than in the non-stroke patients. 

The highest percentage of patients with hs-CRP values > 3mg/ L was observed in cases with stroke 

of undetermined aetiology. Hs-CRP showed a signifi cant dia gnostic ability in identify  ing stroke 

with an optimal criterion of 4.29 mg/ L. The odds ratios for hs-CRP positive patients indicated 

an increased risk of stroke and ischaemic lesions. Hs-CRP cor related positively with NIHSS at 

the time of test  ing and negatively with stroke evolution. Conclusion: Hs-CRP is a reliable marker 

that can be helpful for stroke dia gnosis, aetiological clas sifi cation, clinical manifestation and 

prognosis. Our results contribute to identify  ing the characteristics of stroke among the Bulgarian 

population.

Souhrn
Cíl: Bylo prokázáno, že C-reaktivní protein stanovený vysoce senzitivní metodou (high-sensitive 

C-reactive protein; hs-CRP) má dobrou senzitivitu při dia gnostice cerebrovaskulárních příhod. Cílem 

studie bylo vyhodnotit spojitosti mezi hs-CRP a rizikovými faktory CMP, neurologickou poruchou, 

ischemií mozku a prognózou. Materiál a metody: Studie zahrnula 153 pa cientů rozdělených do dvou 

skupin: pa cienti s akutní ischemickou CMP a pa cienti s rizikovými faktory, kteří CMP neprodělali. 

V odebraných vzorcích krve byla stanovena hladina hs-CRP v séru. Neurologické postižení bylo 

hodnoceno při přijetí do nemocnice a při propuštění pomocí NIHSS (National Institute of Health 

Score Scale) škály. Ve stejné skupině pa cientů bylo v průběhu prvních 24 h po rozvinutí CMP 

provedeno vyšetření CT a byly zaznamenány známky časných ischemických lézí. Případy CMP 

byly rozděleny do podskupin pomocí TOAST klasifi kace. Výsledky: Hladiny hs-CRP v séru pa cientů 

s CMP byly významně vyšší v porovnání s pa cienty, kteří CMP neměli. Nejvyšší podíl pa cientů 

s hladinami hs-CRP > 3 mg/ l byl pozorován u pa cientů s CMP nejasné etiologie. U hs-CRP byla 

ukázána významná dia gnostická schopnost identifi kovat CMP; optimálním kritériem byla hladina 

4,29 mg/ l. Poměr šancí u hs-CRP pozitivních pa cientů ukázal zvýšené riziko CMP a ischemických 

lézí. Hladina hs-CRP pozitivně korelovala s NIHSS a časem testování a negativně s vývojem CMP. 

Závěr: Hs-CRP je spolehlivý marker, který může být nápomocen při dia gnóze CMP, její etiologické 

klasifi kaci, klinických projevech a prognóze. Naše výsledky přispívají k identifi kaci charakteristik 

CMP v populaci Bulharska.
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Introduction
Ischaemic stroke is a complex dis ease in 

which modifiable and non-modifiable risk 

factors play an important role [1]. Infl am-

matory mechanisms are also involved in 

the stroke pathogenesis [2]. High-sensitive 

C-reactive protein (hs-CRP) is an acute phase 

protein that has demonstrated good sensi-

tivity for cardiovascular and cerebrovascular 

dis eases [3,4]. Recent studies have described 

its positive cor relations with the unstable 

atherosclerotic plaques of the internal ca-

rotid artery [5– 7]. 

In our research we examined the as-

sociations between hs-CRP and stroke risk 

factors and established its con nections with 

neurological impairment, cerebral ischaemia 

and stroke evolution. We also present data 

on the characteristics of ischaemic stroke in 

the Bulgarian population.

 

Materials and methods
An observational, cros s-sectional study was 

conducted for 6 months (from November 

2017 through May 2018) and it enrol led con-

secutively 153 patients under medical obser-

vation in the Clinic of Neurology, UMHAT “St 

George” –  Plovdiv, Bulgaria. It was approved 

by the Local Ethical Com mittee. The inclu-

sion criteria included risk factors for ischae-

mic stroke, such as a history of hypertension, 

carotid atherosclerosis, diabetes mel litus, 

atrial fi bril lation and cardiovascular dis ease. 

The exclusion criteria were autoim mune 

dis eases, cancer and infl am matory and im-

mune dis eases. The selection was made by 

means of medical history, physical examina-

tion and laboratory investigations. Two main 

groups were formed: patients with acute is-

chaemic stroke and patients with risk factors 

but without a history of ischaemic stroke. 

The information about comorbidity in 

all patients was col lected through medical 

history, physical examination, laboratory in-

vestigations, electrocardiogram monitor  ing 

and extracranial carotid duplex ultrasound 

investigation.

Blood samples from all the patients were 

col lected to analyze the serum level of hs-

-CRP. In the stroke subgroup, the time from 

the stroke onset to tak  ing the blood sam-

ple was recorded. The serum levels of hs-CRP 

were determined im munoturbimetrical ly us -

ing an automated clinical-chemical analyzer 

OLIMPUS AU400 (Beckman Coulter, Brea, CA, 

USA). Cerebrovascular risk was defined as 

high as hs-CRP > 3.0 mg/ L, fol low  ing the ref-

erence values given in the Beckman Coulter 

system manuals and cur rent literature [3,4].

The National Institutes of Health Stroke 

Scale (NIHSS) was used to determine the 

neurological disability of the stroke pa-

tients. The neurological defi cit upon hospi-

tal admis sion and upon discharge was com-

pared in the analysis of stroke evolution. 

Cerebral CT was performed on the same 

group of patients dur  ing the fi rst 24 h after 

the stroke onset. The evidence of early is-

chaemic lesions in the aff  ected vascular ter-

ritory was also examined.

A stroke specialist reviewed the data and 

clas sified the strokes accord  ing to the TOAST 

clas sification: large artery atherosclerosis 

(macroangiopathy), cardioembolic, small 

ves sel dis ease (lacunar), stroke of other de-

termined aetiology and stroke of undeter-

mined aetiology [8].

The data were analyzed us  ing SPSS (IBM, 

Armonk, NY, USA), Version 25 [9] and Med-

Calc Statistical Software (MedCalc, Ostend, 

Belgium), Version 18.11.3 [10]. The descriptive 

statistics for continuously measured varia-

bles include mean values ± SD; and the fre-

quencies and percentages for nominal and 

dichotomous variables. The continuously 

measured variables were screened for vio-

lations of normality us  ing the Kolmogo-

rov-Smirnov test. To examine signifi cant dif-

ferences between the stroke and non-stroke 

patient groups, we performed independ-

ent sample t-tests, when normality was ob-

served (Kolmogorov-Smirnov P > 0.05) and 

we used the Man n-Whitney U Test when 

normality was not in place (Kolmogorov-

Smirnov P < 0.05). Comparisons of nomi-

nal and dichotomous data were performed 

through cross tabulation, the Chi-square test 

and Fisher’s exact test. To explore the dia g  -

nostic ability of hs-CRP to cor rectly clas-

sify patients as stroke or non-stroke, we ap-

plied receiver operat  ing characteristic (ROC) 

curve analysis and Youden’s index to identify 

the hs-CRP optimal criterion with the cor-

respond  ing sensitivity and specifi city. The 

optimal criterion was used to recode hs-CRP 

into positive and negative cases and calcu-

late the odds ratio (OR) with the incidence 

of stroke and ischaemic lesions evident on 

cerebral CT. For the stroke patients, we ex-

amined the con nection between hs-CRP 

and the neurological defi cit measured by 

NIHSS, the time of hs-CRP testing, and stroke 

evolution through cor relation analysis. Per-

son-r cor relation was employed when both 

variables were measured continuously and 

normal ly distributed, and Spearman-rho cor-

relation in all other cases. The results were 

interpreted as statistical ly signifi cant if the 

P values were < 0.05. 

Results
Demographic and clinical 

characteristics of the patients

The study involved 153 patients of a mean 

age of 65.08 ± 10.65 years, of whom 82 were 

males (53.6%). Seventy-nine patients had 

suff  ered an ischaemic stroke and 74 had not 

had an ischaemic stroke. The two groups 

did not dif fer significantly in mean age 

(P = 0.386), gender distribution (P = 0.235), 

Tab. 1. Demographic and clinical characteristics of the patients.

Variables 
                          

Total
(N = 153)

GROUP
Stroke 

Patients 
(N = 79)               

Non-stroke
Patients 
(N = 74)

P

age (mean ± SD) 65.08 ± 10.65 65.81 ± 11.38 64.31 ± 9.83 0.386a

gender (N; %) male 82 (53.6%) 46 (58%) 36 (48.6%)
0.235b

female 71 (46.4%) 33 (42%) 38 (51.4%)

carotid Plaques (N; %) 120 (78.4%) 64 (81%) 56 (75.7%) 0.439b

hypertension (N; %) 129 (84.3%) 70 (88.6%) 59 (79.7%) 0.182b

atrial fi brillation (N; %) 26 (17%) 24 (30.4%) 2 (2.7%) 0.000**b

cardiovascular diseases (N; %) 70 (45.8%) 43 (54.4%) 27 (36.5% 0.035*b

diabetes (N; %) 49 (32%) 20 (25.3%) 29 (39.2%) 0.083b

*statistically signifi cant diff erence at P < 0.05; **statistically signifi cant diff erence at P ≤ 0.01; a

 independent-samples t-test; b Fisher’s exact test

N – number; SD – standard deviation
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cases with carotid plaques (P = 0.439), cases 

with hypertension (P = 0.182) or cases with 

diabetes (P = 0.083). A signifi cantly higher 

percentage of the patients with ischae-

mic stroke had nonvalvular atrial fi bril lation 

(P < 0.001) and cardiovascular dis eases 

(P = 0.035) (ischaemic heart dis ease, valvu-

lar heart dis ease, heart failure and others). 

The demographic and clinical data are sum-

marized in Tab. 1.

Dia gnostic ability of hs-CRP 

in ischaemic stroke

A significantly higher hs-CRP level 

(22.97 mg/ L ± 48.59) was observed in is-

chaemic stroke patients as compared to 

non-stroke patients (14.20 mg/ L ± 36.76). 

The percentage of patients with hs-CRP lev-

els > 3 mg/ L was signifi cantly higher in the 

stroke patients (71%) vs. 38% in the non-

stroke patients; P < 0.001 (Tab. 2). 

The distribution of hs-CRP values > 3mg/ L 

across the diff  erent types of ischaemic stroke 

showed signifi cant diff  erences accord  ing to 

the Chi-square test; P = 0.011 (Fig. 1). From 

the highest to the lowest, the percentage of 

patients with hs-CRP values > 3mg/ L were 

as fol lows: 90% of the patients with stroke 

of undetermined aetiology (19/ 21); 79.35% 

of the patients with stroke caused by large 

artery atherosclerosis (23/ 25); 60% of those 

with lacunar stroke (9/ 15); 44.4% with car-

dioembolic stroke (4/ 5); and 33.3% of the pa-

tients with stroke of other determined ae-

tiology (2/ 6). 

The ROC curve results revealed a sig-

nifi cant dia gnostic ability of hs-CRP in dif-

ferentiat  ing stroke from non-stroke patients 

(area under curve [AUC] = 0.753; P < 0.001) 

(Tab. 3).

Figure 2 shows the ROC curve between 

hs-CRP and ischaemic stroke. The universal ly 

accepted criterion of hs-CRP > 3mg/ L, as-

sociated with increased cardiovascular risk, 

showed a sensitivity of 70.89 and a speci-

fi city of 63.51 in our sample. On the other 

hand, accord  ing to Youden’s index, our data 

showed hs-CRP > 4.29 mg/ L as the optimal 

criterion with a sensitivity of 62.03 (95% CI 

50.4– 72.7) and a specifi city of 81.08 (95% CI 

70.3– 89.3). 

We recoded the hs-CRP variable from 

a continuous into a dichotomous scale 

(1 = hs-CRP positive; 0 = hs-CRP negative) 

us  ing the hs-CRP optimal cut-off  value of 

4.29 mg/ L and calculated the ORs for the in-

cidence of stroke and early ischaemic lesions 

observed on cerebral CT (Fig. 3). The results 

showed signifi cant ORs in both cases. The 

OR for stroke incidence showed a 6.78 times 

increased risk of stroke as sociated with hs-

-CRP levels above 4.29 mg/ L (OR = 6.78; 

95% CI 3.27– 14.04; P < 0.001). The proba-

bility of early ischaemic changes seen on 

CT was 6.04 times higher in stroke patients 

with hs-CRP > 4.29 mg/ L (OR = 6.04; 95% CI 

2.19– 16.62; P < 0.001).

Cor relations between hs-CRP levels 

and other parameters 

For the stroke patients, we examined the 

con nection between hs-CRP and the neuro-

Tab. 2. Hs-CRP levels in stroke and non-stroke patients. 

Variables Stroke Patients
N = 79

Non-stroke Patients
N = 74 P

hs-CRP mg/L (mean ± SD) 22.97 ± 48.59 4.82 ± 10.89 0.000**a

hs-CRP > 3mg/L (N; %) 56 (71%) 28 (38%) 0.000**b

*statistically signifi cant diff erence at P < 0.05; **statistically signifi cant diff erence at P ≤ 0.01; 
a independent-samples t-test; b Fisher’s exact test

hs-CRP – high sensitivity C-reactive protein; N – number; SD – standard deviation 

113 %

90 %

68 %

45 %

23 %

0 %

90 %

79 %

60 %

44 %

33 %

undetermined macro-
angiopathy

lacunar cardioembolic other
determined 

cause

Fig. 1. Distribution of patients with hs-CRP levels > 3mg/L across stroke types. 
*P = 0.011; P-value based on Chi-square test

hs-CRP – high-sensitive C-reactive protein

Obr. 1. Distribuce pacientů s hladinami hs-CRP > 3 mg/l napříč typy cévní mozkové 
příhody. 
* p = 0,011; p-hodnota získána pomocí chí-kvadrát testu

hs-CRP – C-reaktivní protein stanovený vysoce senzitivní metodou

Tab. 3. Receiver operating characteristic curve for hs-CRP and ischemic stroke.

Area Under the Curve

Variable Area SEa Sig.b
  95% confi dence interval

Lower bound Upper bound

 hs-CRP 0.753 0.039 0.000 0.677 0.829

a – under the nonparametric assumption; b – null hypothesis: true area = 0.5; hs-CRP – high 

sensitivity C-reactive protein
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logical impairment measured by the NIHSS, 

the time of hs-CRP test  ing mea sured in hours 

after the stroke, and the stroke evolution. 

The results are sum marized in Tab. 4 and il-

lustrated in Fig. 4.

We observed a signifi cant positive linear 

relationship between hs-CRP and the neu-

rological defi cit, measured with NIHSS upon 

hospital admis sion (r = 0.322; P = 0.004). 

The time of the hs-CRP test also cor related 

positively with the hs-CRP levels (r =0.229; 

P = 0.041). To il lustrate the relationship, we 

plotted the mean hs-CRP values for four 

time periods: 24 h > 24– 72 h > 72– 120 h 

and > 120– 240 h, reveal  ing the period of 

>120– 240 h as the peak of hs-CRP levels 

(53.31 mg/ L). When compar  ing the neuro-

logical defi cit upon hospital admis sion and 

upon discharge we found a negative cor-

relation between hs-CRP and stroke evo-

lution (rs = – 0.344; P = 0.002). Lower hs-

-CRP levels were as sociated with those 

patients whose condition had improved, 

whereas higher hs-CRP levels were ob-

served in patients whose condition had 

worsened. 

Discus sion
The dia gnosis of ischaemic stroke is based 

mainly on clinical evaluation and neuro-

imag  ing techniques [11,12]. The identifi ca-

tion of eff  ective bio markers for stroke dia g-

nosis and prognosis will help in develop  ing 

proper bio logical procedures and treatment 

options [13,14]. 

Some studies, includ  ing the Framingham 

study, suggest that elevated plasma hs-CRP 

levels signifi cantly predict the risk of future 

ischaemic stroke and transient ischaemic at-

tack in the elderly [15,16]. Other studies have 

identified hs-CRP in patients with ischaemic 

stroke as a prognostic factor [17,18]. In order 

to investigate the importance of hs-CRP as 

a predictor or a short-term prognostic factor, 

we examined its con nection with the stroke 

risk factors, neurological defi cit, cerebral in-

farcts and evolution. 

We analyzed the risk factors in two se-

lected groups –  patients with acute ischae-

mic stroke and patients with risk factors but 

not suff  er  ing from ischaemic stroke. There 

were no signifi cant diff  erences accord  ing to 

the non-modifiable risk factors such as, gen-

der and age. Compar  ing the comorbidity in 

both groups, we found that stroke patients 

are more aff  ected by nonvalvular atrial fi bril-

lation and cardiovascular dis eases. This result 

may indicate a trend for the Bulgarian pop-

0

20

40

60

80

100

hs-CRP

0 20 40 60 80 100

100-Specificity

S
e

n
si

ti
v

it
y

AUC = 0.753

P < 0.001

Youden criterion

hs-CRP > 4.29

Fig. 2. Receiver operating characteristic curve between hs-CRP and ischaemic stroke.
AUC – area under curve; hs-CRP – high-sensitive C-reactive protein

Obr. 2. ROC křivka mezi hs-CRP a ischemickou CMP.
AUC – plocha pod křivkou; hs-CRP – C-reaktivní protein stanovený vysoce senzitivní 

metodou

–1 1 3 5 7

6.78

6.04

odds ratio

ischemic stroke

CT ischemic lesions

9 11 13 15 17 19

Fig. 3. Forest plot of the odds ratios for high-sensitive C-reactive protein positive cases 
vs. the incidence of ischaemic stroke and ischaemic lesions seen on early cerebral CT.
Obr. 3. Znázornění typu „forest plot“ poměru šancí pozitivních případů C-reaktivního pro-

teinu stanoveného vysoce senzitivní metodou vs. incidence ischemické CMP a ischemických 

lézí časně zřetelných na CT.
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ulation regard  ing modifiable risk factors and 

it deserves further investigation. 

The study also revealed that Bulgarian 

stroke patients have significantly higher 

serum levels of hs-CRP compared to the 

non-stroke patients. The percentage of pa-

tients with hs-CRP levels > 3 mg/ L was sig-

nifi cantly higher in the stroke patients com-

pared to the non-stroke patients. Studies 

of other populations have shown the same 

prevalence. Indian patients with acute is-

chaemic stroke had high hs-CRP (> 3 mg/ L) 

levels [19]. Di Napoli et al found hs-CRP lev-

els (> 0.5 mg/ dL) in 95 Italian patients (74.2%) 

with acute ischaemic stroke upon admis-

sion [20]. Muir et al have detected elevated 

Hs-CRP (> 10 mg/ L) levels in English stroke 

patients in the acute phase [21].

Based on the TOAST aetiology clas-

sifi cation system, cases of ischaemic stroke 

are divided into fi ve categories (Fig. 1): stroke 

after large-artery atherosclerosis (LAA); 

stroke after cardiac embolism (CE); stroke 

after smal l-artery occlusion (SAA); stroke 

of other determined aetiology (SOE); and 

stroke of undetermined aetiology (SUE) [8]. 

We found hs-CRP > 3 mg/ L in all stroke sub-

types with maximum prevalence in the SUE 

(90%), fol lowed by LAA (79.35%) and SAA 

(60%). Our results cor respond with those 

of Chaudhuri et al [19], who found high hs-

-CRP levels in 72% of stroke patients with 

LAA. They are also similar to those of Huang 

et al [22], who established high hs-CRP lev-

els in 63.9% of stroke patients with large ar-

tery atherosclerosis. On the other hand, our 

fi ndings diff  er from the results of Den Her-

tog et al [23] and Dewan et al [24], who re-

ported a lower percentage of stroke patients 

with LAA and high levels of hs-CRP, 15% and 
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Interval plot of hs-CRP at 4 time periods of hs-CRP testing

Interval plot of hs-CRP and stroke evolution

Fig. 4. Hs-CRP relationship with NIHSS, time of hs-CRP testing, and stroke evolution.
hs-CRP – high-sensitive C-reactive protein; NIHSS – National Institutes of Health Stroke Scale 

Obr. 4. Vztah hs-CRP a NIHSS, dobou stanovení hs-CRP a vývojem CMP.
Hs-CRP – C-reaktivní protein stanovený vysoce senzitivní metodou; NIHSS – National Institute of Health Stroke Scale 

Tab. 4. Correlation results for hs-CRP and other parameters.

NIHSSr Time hs-CRP test r StrokeEvolution rs

correlation coeffi  cient 0.322 0.229 –0.344

P 0.004** 0.041* 0.002**

N 79 79 79

*statistically signifi cant diff erence at P < 0.05; **statistically signifi cant diff erence at P ≤ 0.01; 

r – Pearson r correlation; rs – Spearman rho correlation; hs-CRP – high sensitivity C-reactive 

protein; N – number; NIHSS – National Institute of Health Stroke Scale
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et al examined the hs-CRP levels dur  ing the 

acute and convalescent phases of 160 stroke 

patients [32]. They found that hs-CRP lev-

els dur  ing both phases were signifi cantly 

and independently predictive of 90-day 

major adverse neurological events, defi ned 

as recur rent stroke, neurological defi cit with 

NIHSS ≥ 8, or death. In our study we revealed 

the period of > 120– 240 h as the peak of hs-

-CRP levels (53.31 mg/ L) but the cor relation 

with stroke evolution measur  ing neuro-

logical defi cit at admis sion and discharge 

was negative. Lower hs-CRP levels were as-

sociated with those patients whose condi-

tion had improved. This result determinеs 

the role of hs-CRP as a short-term prognos-

tic factor, regard  ing its con nection with the 

presence of ischaemic zone and with stroke 

severity and early outcome. 

Conclusion
High-sensitive CRP plays an important role 

in the defi nition of stroke risk factors and ae-

tiology, proper dia gnosis, clinical manifesta-

tion and prognosis. Our results contribute 

to identify  ing the characteristics of stroke 

among the Bulgarian population. 
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