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ABSTRACT

Background: Stroke is the second leading cause of death worldwide according to WHO. High sensitivity C-Reactive
Protein (hs-CRP) is an acute phase reactant which is being studied extensively to delineate its role in development of
stroke as well as in prognostication. This study was done to assess correlation of hs-CRP with risk factors of stroke
and its association with types of stroke and prognosis.

Methods: A prospective case control study of 100 patients with acute stroke along with 100 controls was conducted
with informed consent. At baseline, hs-CRP levels were measured and Modified Rankin Scale (MRS) was assessed.
On day 90 the Modified Rankin Scale was assessed again. Patients were divided into groups based on hs-CRP levels
and MRS and the results were analysed.

Results: Prevalence of stroke was more in men than women (p=0.0002). Statistically significant difference was
found between mean hs-CRP levels in men (4.722+0.8982 mg/L) and women (4.133+0.9446 mg/L) (p=0.005) and
between cases and controls (p=0.0003). There was no significant association with type of stroke (p=0.456). Mean
total cholesterol levels between cases and controls showed statistically significant difference (p=0.0005). High MRS
was significantly associated with high hs-CRP levels (p=0.003). Higher hs-CRP on day 1 correlated with higher
MRS on day 90.

Conclusions: hs-CRP level is increased in stroke and shows significant association with severity of stroke and

prognosis.
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INTRODUCTION

Stroke is a major cause of physical, mental and
psychological morbidity. The overall disease burden of
stroke is higher in the developing world and stroke also
accounts for a greater relative proportion of total deaths
in low- and middle-income countries. Two thirds of
stroke deaths occur in less developed countries.! While
the incidence of stroke is decreasing in high-income
countries, the incidence is increasing in low-income

countries.? The overall rate of stroke-related mortality is
decreasing in high and low income countries, but the
absolute number of people with stroke, stroke survivors,
stroke-related deaths, and the global burden of stroke-
related disability is high and increasing.®

Globally, the incidence of stroke due to ischemic causes is
68 percent, while the incidence of hemorrhagic stroke is 32
percent.* Men have higher incidence than women.>¢ Stroke
is more common in elderly though it can occur at any age.®
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Stroke prevalence rate in India is about 1.54 per thousand
and death rate about 0.6 per 1000. The DALYs
(disability-adjusted life year) lost is about 597.6 per lac.”
Total cases of stroke in India in the year 2004 were about
9.30 million with about 0.63 million deaths, and total
DALYs lost in 2004 were about 6.36 million.®

High blood pressure, cigarette or beedi smoking,
increased abdomen-to-hip ratio, diet and alcohol intake
are significant risk factors for haemorrhagic stroke.’
Physical inactivity, high levels of glucose, alcohol, stress
related to psychosocial issues, cardiovascular causes,
ratio of apolipoproteins B to Al are more significant for
ischemic stroke.®

A pivotal role in the pathogenesis of atherosclerosis and
ischemic events is played by “inflammation” 3
Fibrinogen and hs-CRP which are markers of
inflammation are predicted to be sensitive markers for
degree of severity of stroke and the outcome.**> hs-CRP
is synthesised by hepatocytes as an acute phase reactant
after tissue injury or infection.’® hs-CRP expression is
controlled by pro-inflammatory mediators such as IL-1,
IL-6, TNF etc at the transcription level, among which IL-
6 plays a very important role.*3

Study done by Whiteley et al, on biomarkers for stroke
showed that rising levels of hs-CRP, fibrinogen and IL-6
were associated with higher incidence of death due to
vascular or non-vascular causes and increased risk of
recurrent vascular events.'” There is evidence of rising
levels of hs-CRP for ischemic type of stroke which has
been demonstrated in multiple studies but evidence for
rising level in case of hemorrhagic type are very few,8-20
The rise of hs-CRP also depends on the size of infarct.®®
A sustained inflammatory response is seen after an acute
ischemic stroke with high levels of hs-CRP in 75%
people.?

With this background, authors aim was to study the role
of hs-CRP in stroke patients, both as a risk factor and
prognostic factor using Modified Rankin Scale among
suburban area of Indian population who are visiting the
hospital 2

METHODS

The study was conducted on patients with first episode of
ischemic/hemorrhagic stroke admitted in Medical wards
and ICU of SRM Medical college hospital and Research
Centre from 2016 to 2018. 100 patients and 100 normal
healthy individuals participated in this case control study.

Inclusion criteria

Patients presenting with history of focal neurological
deficit of acute onset in the form of hemiparesis,
hemianesthesia or aphasia or having evidence of ischemic
or hemorrhagic infarct in CT scan of the brain.

Exclusion criteria

e Patients with infectious pathology, arthritis,
carcinoma, history of recent MI or acute coronary
syndrome, hepatic failure.

e Patients presenting with focal neurological deficit
after 72 hours

e Patients on drugs i.e. NSAIDS, statins, hormone
replacement therapy.

e Recurrent stroke or TIA.

e Infiltrate on chest radiography.

e  Patients who refuse consent.

Dyslipidemia was defined as total cholesterol >200 mg/
dl or known case of dyslipidemia with or without
medications.

After obtaining informed consent, the patients and
controls were subjected to detailed history, clinical
examination and investigations as per the proforma.
Neurological deficit was scored using the Modified
Rankin Scale as given below. Modified Rankin Scale was
assessed on day 1 of the admission. Sample for the hs-
CRP was collected from patients within 72 hours of onset
of the stroke. Hs-CRP level was estimated by
SPINREACT KIT (CRP - ULTRASENSITIVITY
LATEX TURBIDIMETRY) which helps in measuring
the low levels of C-reactive protein. In this kit, hs-CRP
levels below 3 mg/L were considered as normal. Patients
were followed up after 90 days and reassessed for
neurological deficit using the MRS to demonstrate the
usefulness of hs-CRP for prognosis of stroke.

Statistical analysis

Data was processed and analysed by SPSS version 23.0
software. Categorical variables expressed as frequencies
and percentages. The comparison of normally distributed
continuous variables between the groupswas performed
using Mann Whitney’s test and Kruskal Wallis test was
used for nonparametric data.

Nominal categorical data between the groups were
compared using Chi-square test. Test results was deemed
significant at 95% confidence intervals p<0.05.

RESULTS

Among 100 cases, 54 were Ischemic stroke and 46 were
hemorrhagic stroke.

Age and gender distribution

The mean age among cases was 59.95+12.399 years and
58.02+13.043 years among controls as shown in Table 1.

Most cases were in the 41-60 and >60 years group,
equally distributed. This was not statistically significant
(p = 0.457) as seen in Table 2.
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Table 1: Comparison of mean age of cases and

controls.
Group N ~Mean SD
Cases 100 59.95 12.399
Controls 100 58.02 13.043

Hemorrhagic stroke was more prevalent among those
aged between 41 to 60 years (59.1%), while among those
above 60 years of age ischemic stroke predominated
(66%). This was statistically significant (p = 0.050) as
shown below (Table 3). Among cases, there were 73
males and 27 females. There were 70 males and 30

females among controls. Males were significantly more
than females in both groups (p value 0.0002).

Table 2: Age distribution among cases.

p value
Agerange Case Control Total (Pearson’s
_ Chi-square) |
>40 years 6 9 15 I
41-60 years 44 49 93
>60 years 50 42 92 0.457 |
Total 100 100 200 |

Table 3: Type of stroke in different age groups.

Age range Ischaemic Haemorrhagic p value (Pearson’s Chi-square
>40 years 3 3 6 |
41-60 years 18 26 44 |
0.050 -
>60 years 33 17 50 |
Total 54 46 100 |

Table 4: Lipid profile in cases and controls.

| Mean value Cases

Controls

| Mg/dl N=100 N =100 _
Total cholesterol 169.15  144.52 0.005
LDL 113.95 101.62 0.015
VLDL 27.93 22.09 0.001
HDL 40.82 37.32 0.026
Triglycerides 132.04  110.43 0.026

Dyslipidemia in cases and controls

Total mean cholesterol level in cases was 169.15 mg/dl
and 144.52 mg/dl in controls. This was statistically
significant (p = 0.0005).

Mean LDL level among cases was 113.95 mg/dl and
101.62 mg/dl among controls and this was statistically
significant (p = 0.015).

The difference in mean VLDL level between cases (27.93
mg/dl) and controls (22.09 mg/dl) was also statistically
significant (p = 0.001). Differences in HDL levels and
triglyceride levels also showed statistical significance as
seen in Table 4.

hs-CRP levels

The difference between mean hs-CRP among cases
(4.563 mg/ml) and among controls (0.825mg/ml) was
significant (p = 0.0003) (Table 5). Mean hs-CRP level
was significantly higher among men than women (p =
0.005) (Table 6).

Table 5: hs CRP in cases and controls.

Group  Frequency
Cases 100 4,563 0.9434 |
Controls 100 0825 03883 0000 |

Table 6: Correlation of mean hs-CRP with gender.

Gender Mean(mg/L) SD p value |
Male 4722 0.8982 |
Female 4.133 0.9446 0.005 |

Mean hs-CRPwas4.381 mg/L in ischemic stroke and
4.226 mg/L in hemorrhagic stroke which was not
statistically significant (p = 0.456) as shown in Table 7.

Table 7: Mean hs-CRP and stroke type.

Type of ' '

stroke N~ Mean(mg/L) SD value |
Ischaemic 54 4381 10241 e |
Haemorrhagic 46  4.226 1.0459 |

Relationship between hs-CRP level and Modified
Rankin Scale

hs-CRP values were grouped as high level >3 mg/L and
low level <3 mg/L. 90 cases had high hs-CRP levels
while 10 had low levels. Patients were also divided into
two groups based on Modified Rankin Scale - MRS 0 to
2 (low) and MRS 3 to 6 (high).
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Mean hs-CRP values on day 1 and day 90 of the different
MRS are given below in Table 8 and Table 9,
respectively. p value was statistically significant for both
day 1 (p = 0.0004) and day 90 (p = 0.0003). Comparison
of mean hs-CRP on day 1 and day 90 in each score of

MRS as per the 2 tables shows that while on day 1 there
were no patients with MRS 5 and 6, on day 90, 37
patients had progressed to MRS 5 and 9 patients had
progressed to MRS 6. Higher hs-CRP correlated with
higher MRS on day 90.

Table 8: Mean hs-CRP value and MRS on day 1.

MRS 1 2 '3 4 5 6 pvalue |
Frequency 2 35 59 4 0 0 ey |
Mean hs-CRP 3.850 4,563 4,981 4,775 0 0 ' |
Table 9: Mean hs-CRP value and MRS on day 90.

MRS 1 2 3 _ | 5 6 p value
F 1 12 13 37

requency 0.0003 |
Mean hs-CRP 4.6 34 4.2 4.589 4.965 4.9 |

Table 10: hs-CRP values and MRS scores - Day 1.

MRS scoreon p
Group day 1 ~value |
Parameter 0-2 3-6 |

Table 13: MRS and type of stroke on day 90.

Modified Rankin
Scale
0-2

Total pvalue

Diagnosis 3-6

MRS score

Group onday90 _
Parameter 0-2 3-6 |
Low level <3 7 3 _
High level >3 6 84 |

p value

Modified Rankin

Diagnosis Scale Total

0-2 3-6 L e
Ischaemic 18 36 54 |
Haemorrhagic 19 o 46 0411 |

Table 10 and 11 show that at baseline, patients with high hs-
CRP scored high on MRS (p = 0.003) and this number
increased by day 90 (p value = 0.0002). MRS of ischaemic
stroke patients did not differ significantly from that of
haemorrhagic stroke patients (p = 0.411) (Table 12). In both
groups, more patients had high scores on day 1.

By day 90, disability had worsened in the majority of
patients in both ischaemic and haemorrhagic strokes as
seen in Table 13. This was statistically significant (p =
0.003).

Low level <3 0.003 | Ischaemic 2 52 54 0003 |
High level >3 29 61 | Haemorrhagic 11 35 46 ' |
DISCUSSION

Stroke is the third leading cause of mortality in India
according to CDC 2012 and a major cause of disability.?
Recent studies have shown a correlation between
increased hs-CRP levels and risk of stroke.?4?> A
prospective study was conducted on the same which
included 100 cases of acute stroke of whom 54 were
ischemic stroke and 46 were hemorrhagic type. A control
group of 100 healthy patients were selected and subjected
to the same procedure.

Distribution of age was between 30 to 80 years with the
mean age among cases being 59.95+12.399 years which
was lower than the study done by Aliakbar et al.?® The
mean age among the controls was 58.02+13.043 years.
The maximum number of patients among cases were
between 41 to 60 years although there was no statistical
significance (p = 0.457). In the 41 - 60 years age group
the prevalence of ischemic stroke was 40.9% (n = 18) and
the prevalence of hemorrhagic stroke was 59.1% (n =
26). In the age group >60 years prevalence of ischemic
type was 66% (n = 33) and prevalence of hemorrhagic
type was 34% (n = 17) which was statistically significant
(p = 0.05).

The sex distribution among men and women in cases and
controls was statistically significant (p = 0.0002) with
men showing higher prevalence in both groups which
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was similar to other studies except for O’ Malley et al,
and Pikija et al, that showed female preponderance.?’-?
The mean hs-CRP level in men in cases was
4.722+0.8982 mg/L and in women it was 4.133+0.9446
mg/L which was again statistically significant (p =
0.005). This was similar to the study conducted by
Yoshiyuki Wakugawa et al.®® Estrogen is postulated to
have a modulating effect over response to atherosclerosis
and injury which may possibly account for this.?®

There was no statistical significance between the two
types of stroke (p = 0.456) in contrast to research done by
Lal R et al.*® Prevalence of ischemic stroke among men
was higher than hemorrhagic type, 75.9% vs 69.6% while
among women, the prevalence of hemorrhagic type was
higher (30.4%) compared to ischemic type (24.1%).
Fasting lipid profile was higher in cases compared to
controls which was statistically significant. But when
total cholesterol, TGL, HDL, LDL and VLDL in cases
were compared to mean hs-CRP level in cases (p = 0.499,
p = 0.591, p = 0.395, p = 0.582, p = 0.608) respectively,
there was no statistical significance.

The mean hs-CRP level in cases was 4.563+0.9434 mg/L
and 0.825+0.3883 mg/L in controls which was highly
significant (p = 0.0003), similar to study conducted by
Pinky Mishra et al.3! The mean hs-CRP level in ischemic
stroke was 4.381+1.0241 mg/L and 4.226+1.0459 mg/L
in hemorrhagic type. This was not statistically significant
(p = 0.456). This was similar to study done by Yoshiyuki
Wakugawa et al, in the Hisayama study but different to
the study done by Pinky Mishra et al, which showed
higher hs-CRP in hemorrhagic stroke.?%3

Mean hs-CRP was 4.417 mg/L in the age group <40
years, 4.409 mg/L in the age group between 41 - 60 years
and 4.716 mg/L in the age group>60 years which was not
statistically significant (p = 0.271).

The mean hs-CRP on day 1 with MRS 1 was
3.850+0.3536 mg/L, MRS 2 was 3.874+0.8093 mgl/L,
MRS 3 was 4.981+0.7619 mg/L, MRS 4 was
4.775+£1.1442mg/L which was significant statistically
(p=0.0004) while there were no patients in MRS 5 and
MRS 6 (Table 8). The mean hs-CRP on day 90 of MRS 1
was 4.6 mg/L, MRS 2 was 3.4+1.06 mg/L, MRS 3 was
4.2+0.672 mg/L, MRS 4 was 4.589+0.612 mg/L, MRS 5
was 4.965+0.876 mg/L, MRS 6 was 4.9+0.970 mg/L. All
were significant statistically (p = 0.0003) (Table 9).
Increasing disability was seen as evidenced by
progression of Modified Rankin Scale on day 90 as
compared to day 1 correlating with higher hs-CRP.
Ritesh Lal et al, showed a similar prognostic correlation
using the Scandinavian stroke scale.3® The Bergen stroke
study, also reported a similar result which showed that
higher hs-CRP level was associated with higher stroke
severity and mortality.®? Study by Elkind et al, concluded
that hs-CRP which is an acute phase reactant is elevated
in more severe stroke and can be associated with
mortality.®

High level vs low level hs-CRP values
hs-CRP values were considered in 2 groups

Low level group <3 mg/L and high level group >3 mg/L.
Most of the patients belonged to high level group (n=90)
which is similar to the study conducted by Jaydip Ray
Chaudhuri et al.®* Muir et al, had elevated CRP levels
(>10 mg/L) in 96 out of 228 patients admitted with acute
stroke.® In contrast, in a study from Netherlands only
22% of stroke patients had high CRP levels.*¢

Patients were also divided into two groups based on
Modified Rankin Scale - MRS 0 to 2 in one group and
MRS 3 to 6 in the second group. On day 1, 61 patients
with high level hs-CRP were found to be in group of
MRS 3 - 6 while only 2 with high MRS score had low
level hs-CRP which was significant statistically (p =
0.003). On day 90, the number of patients with high hs-
CRP levels scoring high on MRS had gone up to 84
which was also highly significant (p = 0.0002).

On day 1 there were no patients in MRS 5 and 6. But on
follow up on day 90, the MRS scores were found to have
progressed, 37 patients out of 100 had a Scale of 5 and 9
patients out of 100 had a score of 6. Mean hs-CRP level
of each score has been described previously. Higher hs-
CRP on day 1 correlated with the higher MRS on day 90.

There was statistical significance (p = 0.003) between hs-
CRP and MRS on day land also between hs-CRP and
MRS day 90, which shows correlation between hs-CRP
level and MRS which is similar to results of study
conducted by Song et al.*® Only one value of hs-CRP was
obtained. Also, patients were not followed beyond 3
months, therefore long term outcome was not assessed
was the major limitations of the study.

CONCLUSION

In this case-control study of 100 patients with stroke and
100 healthy controls, men had higher prevalence of
stroke (p = 0.0002). Most of the patients were more than
40 years of age. The mean hs-CRP level was higher in
stroke patients compared to healthy individuals which
was highly significant (p = 0.0003). There was significant
difference in hs-CRP levels between men and women.

There was no significant difference in mean hs-CRP level
between ischemic and hemorrhagic type of stroke. The
correlation of mean of hs-CRP levels with Modified
Rankin Scale on day 1 was significant statistically (p =
0.0004); so also the MRS score on day 90 (p=0.0003).
Higher hs-CRP levels correlated with the higher
Modified Rankin Scale on day 90.

hs-CRP could be therefore be used as a tool to identify
those stroke patients who may need more intensive
rehabilitation to reduce disability.
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