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Abstract Stroke being the third leading cause of death

and foremost cause of disability, if potential diagnostic

utility of blood borne protein biomarkers in predicting

acute stroke is established, it would be a substantial adjunct

to computerized tomography and magnetic resonance

imaging which have their own limitations. This study was

done to correlate serum Interleukin 6, high sensitivity C

reactive protein at the time of admission with neurological

worsening assessed by NIHSS at the time of admission and

7 days after admission. 46 Patients admitted in neurology

department SAIMS, Indore with first ever ischemic stroke

within 72 h of onset were included in the study. All

patients with history of stroke of more than 72 h onset,

Infection & peripartum stroke were excluded from the

study. Disability scoring was done by NIHSS and their

serum samples assayed for hsCRP, IL6 by commercially

available quantitative sandwich enzyme-linked immuno-

adsorbent assay kits. Serum samples of 50 control cases

which included healthy volunteers and staff from SAIMS

were also analyzed for hsCRP, IL6 for comparative study.

A significant correlation was observed between NIHSS

scoring and serum hsCRP and IL6 at the time of admission.

Patients with initial high serum IL6 and hsCRP also

showed significant clinical deterioration as assessed by

NIHSS scoring 7 days after admission. Elevated hsCRP

and IL6 within 72 h of admission strongly correlated with

functional disability in study population in India and may

serve as useful adjunct to CT Scan in emergency setting.
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Introduction

Like all developing countries stroke is fast emerging as

a major public health problem in India [1]. The age stan-

dardized average annual incidence rate to world standard

population of first-ever-in-a-lifetime stroke is 145.30 (95%

CI, 120.39 to 174.74) per 100000 persons per year [2].

Stroke is the third most common cause of death in the

developed countries [3].

Over the past few years, a body of evidence has stressed

the role of inflammation in the pathophysiology of acute

brain ischemia [4]. Most inflammatory reactions are med-

iated by cytokines, small glycoproteins expressed by many

cell types in response to acute cerebral ischemia. Cytokine

release results in up regulation of adhesion molecules,

recruitment and activation of leukocytes, promotion of

leukocyte-endothelium interaction, and conversion of the

local endothelium to a prothrombotic state [4]. Increases of

proinflammatory cytokines (interleukin [IL]-1, tumor

necrosis factor [TNF]-a, and IL-6) have been detected in

the ischemic cortex 1 h after middle cerebral artery (MCA)
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occlusion in experimental models of brain ischemia [5].

In this study we analyzed the relationship between

proinflammatory cytokines in serum and the disability as

assessed by NIHSS scoring at the time of admission and

7 days after admission. hs-CRP, an acute-phase reactant, is

significantly increased in inflammatory disorders, and it has

been shown to enhance immune reactivity [6]. Several

studies have reported that higher levels of inflammatory

markers such as C-reactive protein (CRP) and interleukin-6

(IL-6) are associated with worse outcome after both

ischemic [7] and hemorrhagic [8, 9] strokes. Early clinical

deterioration results in increased mortality and functional

disability [10–12].

Subjects and Methods

A group of 46 patients admitted in neurology ward of

SAIMS INDORE with first-ever acute ischemic stroke,

diagnosed according to clinical history, physical exami-

nation and computed tomography (CT) brain scan. CT scan

was performed within 12 h of admission to exclude

patients with stroke mimic or primary intracerebral hem-

orrhage. All patients were submitted to standardized neu-

rological evaluation on admission using the National

Institutes of Health Stroke Scale.

The venous blood samples were drawn within 72 h from

the onset of symptoms in 5 ml serum separator tubes,

centrifuged at 3000 g for 15 min and then aliquotted in

2 ml tubes. Samples were stored at -20�C until assays

were run to evaluate hsCRP and IL6 markers of stroke

progression. Simultaneously blood samples from 50 heal-

thy volunteers and SAIMS staff were collected and eval-

uated for IL6 and hsCRP levels. To avoid the confounding

effect on inflammatory markers of clinical conditions that

can be associated with ischemic stroke, subjects with

inflammatory or infectious diseases, cancer, peripartum

stroke or severe renal or liver failure, or current daily

treatment with anti-inflammatory drugs were not included

in the study. The protocol was approved by the local Ethics

Committee; Informed consent was given by patients

themselves or by relatives as legally required.

(a) National Institute of Health Stroke Scale

The severity of stroke was scored on admission and

after 7 days by the neurologist, using the National Institute

of Health Stroke Scale (NIHSS). The NIHSS score consists

of 15 items and a total score of 42 points. Score of 0 = no

stroke, 1–4 = minor stroke, 5–20 = moderate stroke,

21–42 = severe stroke. Early neurological worsening was

diagnosed as an increase in National Institute of Health

Stroke Score (NIHSS) by two or more points (or stroke-

related death) between admission and day 5 [13] and who

remained stable or improved in the same period were

classified as no worsening.

(b) Detection of serum IL-6 and hsCRP is based on the

principle of a solid phase enzyme linked immunosor-

bent assay [14].

Result

Patient Population

The baseline characteristics of the study and the control

group were found to be similar (age 58.5 ± 8.9 vs.

55.5 ± 7.7 years).The clinical characteristics of stroke

patients and control group included in the study is shown in

Table 1.

hsCRP levels of [4.0 mg/dl was found in 45.6% cases

and IL 6 levels [16 pg/ml was found in 67.4% cases. In

controls hsCRP levels[0.5 mg/dl was found in 16% cases

and in patient’s hsCRP levels [0.5 mg/dl was found in

84% cases.

The probability value of Chi-Square is 60.90 at 6

degrees of freedom, which shows a highly significant value

(P \ 0.001, two-tailed) and high significant association

between Inflammatory Marker hs-CRP Score and type of

stroke at the time of admission. The probability value of

Chi-Square is 41.60 at 4 degrees of freedom, which shows

a highly significant value (P \ 0.001, two-tailed) and

high significant association between Inflammatory Marker

IL-6 Score and type of stroke at the time of admission

(Tables 2, 3).

The probability value of Chi-Square is 35.08 at 3

degrees of freedom, which shows a highly significant value

(P \ 0.001, two-tailed) and high significant association

between Inflammatory Marker hs-CRP Score and Cases of

Table 1 Demographic profile of stroke cases and controls

Demographic variables Frequency (%)

Study group

Frequency (%)

Control group

Age (in years)

35–45 6.5 12

46–55 21.7 34

56–65 54.3 48

66–75 17.4 6

Hypertensive 76.1 51.5

Smokers 28.3 20.2

Atrial fibrillation 10.9 2

Diabetes mellitus 30.4 15.7

No risk factor – 10
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Neurological worsening. The probability value of Chi-

Square is 30.19 at 2 degrees of freedom, which shows a

highly significant value (P \ 0.001, two-tailed) and high

significant association between Inflammatory Marker IL-6

Score and Cases of Neurological worsening (Tables 4, 5).

Discussion

This study was hospital-based. Therefore patients with very

minor deficits (not hospitalized whatever the reason), those

who refused admission, those with severe deficits who died

before admission, and those admitted to private hospitals

were not included in our cohort.

In our study we found higher baseline levels of IL-6 in

plasma of patients with acute ischemic stroke as compared

to controls and more specifically found a direct association

between IL-6 level and severity of stroke as well with early

neurological deterioration compared with patients who

remained clinically stable or improved. Our data on the

elevated level of IL-6 are consistent with those already

reported in the literature [15, 16]. There is ample evidence

in the literature supporting a role of inflammatory response

in acute phase of ischemic stroke. Although cytokines such

as IL-1, IL-6 and TNF-a appear to be the main mediators of

that response, the exact role of inflammatory markers in

pathogenesis of ischemic stroke is still unclear [17].

Moreover, correlation of serum IL-6 levels with stroke

severity, clinical outcome (assessed by SSS and BI) and

extent of brain damage was also found in some earlier

studies [17, 18]. IL-6 seems to be a robust early marker for

outcome in acute ischemic stroke [19]. We were able, in

the present study, to confirm these reports on the associa-

tion of early IL-6 levels (before 72 h after stroke onset)

with both stroke severity and neurological deterioration.

Table 2 hsCRP and IL 6 levels in cases and controls

Stroke cases Control P value

hsCRP levels(mg/dl) 3.74 ± 2.22 0.40 ± 0.084 \0.001

IL 6 levels (pg/ml) 19.34 ± 7.35 4.81 ± 1.12 \0.001

Table 3 Association between hs-CRP score and IL-6 score with

types of stroke

Type of stroke

at the time

of admission

N Minimum Maximum Mean Std.

deviation

Mild

hs-CRP score 13 0.53 3.40 0.94 0.753

IL-6 score 0.74 15.20 10.92 3.903

Moderate

hs-CRP score 15 1.30 5.60 3.65 1.114

IL-6 score 13.20 23.20 18.37 3.511

Severe

hs-CRP score 18 3.90 7.20 5.83 1.005

IL-6 score 20.20 32.40 26.23 4.104

Table 4 Association between

NIHSS score (0 and 7 day) and

neurological worsening

Disability scores Frequency
Percentage

Cases of neurological worsening 0 day Total

No Yes

1–4 (Mild) Frequency 12 0 12

% 41.4% 0% 26.1%

5–20 (Moderate) Frequency 13 3 16

% 44.8% 17.6% 34.8%

21–31 (Severe) Frequency 4 14 18

% 13.8% 82.4% 39.1%

Total Total Frequency 29 17 46

% 100.0% 100.0% 100.0%

Table 5 Association of hsCRP

and IL6 Score with

Neurological Worsening

No neurological worsening No. Minimum Maximum Mean Std. deviation

NIHSS score 0 day 29 3 21 11.83 7.37

hs-CRP score 29 0.53 4.90 2.35 1.52

IL-6 score 29 0.74 22.50 14.84 4.90

Neurological worsening No. Minimum Maximum Mean Std. deviation

NIHSS score 0 day 17 17 24 21.65 1.62

hs-CRP score 17 4.90 7.20 6.10 0.64

IL-6 score 17 22.40 32.40 27.01 3.29
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IL-6 which is a major circulating cytokine produced in

response to cerebral ischemia is also a potent stimulus for

production of hepatic acute phase protein [20]. In the

present study, hsCRP levels were significantly higher as

compared to their age and sex matched controls. Elevated

levels of CRP have been shown in multiple cohort studies

to correlate with increased incidence of stroke [21–23]. Our

study supported the previous findings that hsCRP levels at

the time of admission significantly correlated with func-

tional disability as well as further clinical worsening [24]

and our observations are consistent with results from

similar studies in the west [25, 26].

Conclusion

The availability of a rapid diagnostic assay i.e. proinflam-

matory serum biomarkers (hsCRP, IL-6) for acute stroke

would be highly beneficial in assessing the care pathway

for patients and their treatment options as the most

important challenge facing physicians globally is to reduce

the unacceptable burden of stroke.

As from our study we observed that disability was

associated with higher concentrations of IL-6 and hsCRP in

plasma and early neurological deterioration was too

observed in cases with high levels of hsCRP and IL-6. Thus

development of new neuroprotective therapies if targeted

to modulate cytokine induced inflammation could be a

promising way to prevent early deterioration in acute

ischemic stroke.
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