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Abstract

Background: Elevated C-Reactive Protein (CRP) levels have been suggested
as a potential risk factor for stroke. This case-control study aims to investigate
the association between elevated CRP levels and the risk of stroke. Materials
and Methods: A total of 100 participants were enrolled, comprising 50 cases
(stroke patients) and 50 controls (non-stroke patients). Demographic data,
clinical characteristics, CRP levels, hypertension status, and smoking status
were collected and analyzed. Chi-square tests were used to determine the
significance of associations, and odds ratios (OR) with 95% confidence
intervals (CI) were calculated to assess the strength of associations. Result: The
mean age of cases was 68.2 years (SD = 5.1) compared to 66.5 years (SD = 5.8)
for controls (p=0.144p = 0.144p=0.144). Gender distribution was similar
between groups (60% males in cases, 56% in controls, p=0.682p =
0.682p=0.682). Hypertension was significantly more prevalent in cases (80%)
than controls (50%), p=0.0016p = 0.0016p=0.0016. Elevated CRP levels were
observed in 70% of cases and 40% of controls (p=0.002p = 0.002p=0.002), with
an OR of 3.5 (95% CI, 1.6 to 7.7). Smoking status did not significantly differ
between groups (50% smokers in cases, 40% in controls, p=0.3173p =
0.3173p=0.3173). Conclusion: This study identified a significant association
between elevated CRP levels and an increased risk of stroke, with participants
having elevated CRP levels showing 3.5 times higher odds of experiencing a
stroke. Hypertension was also significantly associated with stroke, while
smoking status showed no significant association. These findings underscore
the importance of CRP as a potential biomarker for stroke risk assessment.

INTRODUCTION

Stroke is a major cause of morbidity and mortality
worldwide, posing significant healthcare
challenges.*! Despite advances in understanding its
pathophysiology and treatment, stroke remains a
leading cause of long-term disability. Identifying
modifiable risk factors is crucial for the prevention
and management of stroke.[??]

C-Reactive Protein (CRP) is an acute-phase reactant
produced by the liver in response to inflammation. ™!
Elevated CRP levels have been associated with an
increased risk of cardiovascular events, including
myocardial infarction and stroke.®! CRP is not only a
marker of inflammation but also believed to play a

direct role in atherogenesis and plaque instability,
contributing to the pathogenesis of stroke. 6]

Several epidemiological studies have suggested a
link between elevated CRP levels and the risk of
stroke.’l However, the nature and strength of this
association remain to be fully elucidated.
Understanding the role of CRP in stroke risk could
provide valuable insights for risk stratification and
preventive strategies.

In addition to CRP, other factors such as hypertension
and smoking status are well-established risk factors
for stroke. Hypertension is a leading modifiable risk
factor, significantly contributing to the development
of ischemic and hemorrhagic strokes. Smoking, on
the other hand, exacerbates vascular inflammation
and atherosclerosis, further increasing the risk of
stroke.
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This case-control study aims to investigate the
association between elevated CRP levels and the risk
of stroke, controlling for other confounding factors
such as hypertension and smoking status. By
examining these associations, this study seeks to
enhance the understanding of CRP as a potential
biomarker for stroke risk and its role in stroke
pathophysiology. The findings could have significant
implications for clinical practice, particularly in the
identification and management of individuals at high
risk for stroke.

MATERIALS AND METHODS

Study Design and Setting: This case-control study
was conducted at Kakatiya Medical College,
Warangal, from June 2023 to May 2024. The study
aimed to investigate the association between elevated
C-Reactive Protein (CRP) levels and the risk of
stroke.

Participants: A total of 100 participants were
recruited for the study, comprising 50 cases and 50
controls. The cases included patients who were
diagnosed with stroke during the study period. The
controls were age- and sex-matched individuals who
had not experienced a stroke, selected from the
general population attending the outpatient
department of Kakatiya Medical College for routine
check-ups.

Inclusion and Exclusion Criteria: Participants aged
18 years and older were eligible for inclusion. Cases
were confirmed by clinical diagnosis and imaging
studies (CT/MRI) indicating stroke. Controls were
individuals without a history of stroke or other major
cardiovascular events. Exclusion criteria for both
cases and controls included chronic inflammatory
diseases, autoimmune disorders, recent infections,
and malignancies, as these conditions could confound
CRP levels.

Data Collection: Demographic and clinical data
were collected using a structured questionnaire.
Information on age, gender, medical history,
hypertension status, and smoking status was
obtained. Blood samples were collected from all
participants to measure CRP levels. CRP was
quantified using a high-sensitivity CRP (hs-CRP)
assay.

CRP Measurement: Elevated CRP levels were
defined as CRP concentrations above 3 mg/L, based
on the American Heart Association guidelines.
Normal CRP levels were defined as CRP
concentrations of 3 mg/L or lower.

Statistical Analysis: Data were analyzed using SPSS
software (version 25.0). Descriptive statistics were
used to summarize the demographic and clinical
characteristics of the study population. Chi-square
tests were performed to examine the associations
between categorical variables. The odds ratio (OR)
and 95% confidence interval (CI) were calculated to
assess the strength of the association between
elevated CRP levels and stroke. Logistic regression
analysis was conducted to adjust for potential

confounders, including age, gender, hypertension,
and smoking status. A p-value of less than 0.05 was
considered statistically significant.

Ethical Considerations: The study was approved by
the Institutional Ethics Committee of Kakatiya
Medical College. Informed consent was obtained
from all participants before their inclusion in the
study. Participants were assured of the confidentiality
of their data and their right to withdraw from the
study at any time without any consequences.

RESULTS

The study included 100 participants, equally divided
into 50 cases (stroke patients) and 50 controls (non-
stroke patients). The demographics and clinical
characteristics of the participants are presented in
[Table 1].

Demographics and Clinical Characteristics: The
mean age of the cases was 68.2 years (SD = 5.1),
while the controls had a mean age of 66.5 years (SD
= 5.8), with no statistically significant difference
between the two groups (p=0.144p = 0.144p=0.144).
The gender distribution was similar between the
groups, with 60% males in the cases and 56% males
in the controls (p=0.682p = 0.682p=0.682).
Hypertension was significantly more prevalent
among the cases (80%) compared to the controls
(50%), and this difference was statistically significant
(p=0.0016p = 0.0016p=0.0016). The smoking status
did not differ significantly between cases and
controls, with 50% of the cases and 40% of the
controls  being  smokers  (p=0.3173p =
0.3173p=0.3173) [Table 1].

C-Reactive Protein (CRP) Levels: Elevated CRP
levels were observed in 70% of the cases and 40% of
the controls, a difference that was statistically
significant (p=0.002p = 0.002p=0.002). Conversely,
normal CRP levels were found in 30% of the cases
and 60% of the controls [Table 2].

Association Between CRP Levels and Stroke: The
odds ratio (OR) for the association between elevated
CRP levels and stroke was 3.5, with a 95%
confidence interval (CI) of 1.6 to 7.7, indicating a
statistically significant association (p=0.002p =
0.002p=0.002) [Table 3]. This suggests that
participants with elevated CRP levels had 3.5 times
higher odds of having a stroke compared to those
with normal CRP levels.

Hypertension and Stroke: The presence of
hypertension was significantly higher among the
cases (80%) compared to the controls (50%)
(p=0.0016p = 0.0016p=0.0016) [Table 4]. This
underscores the strong association between
hypertension and the risk of stroke in this study.
Smoking Status and Stroke: There was no
significant association between smoking status and
stroke in this sample. The proportion of smokers
among the cases was 50%, compared to 40% among
the controls (p=0.3173p = 0.3173p=0.3173)
[Table 5].
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Table 1: Demographics and Clinical Characteristics.

Characteristic Cases (n =50) Controls (n = 50) p-value
Mean Age (years) 68.2 (SD =5.1) 66.5 (SD =5.8) 0.144
Male 30 (60%) 28 (56%) 0.682
Female 20 (40%) 22 (44%)
Hypertension 40 (80%) 25 (50%) 0.0016
Smoker 25 (50%) 20 (40%) 0.3173
Non-smoker 25 (50%) 30 (60%)

Table 2: C-Reactive Protein (CRP) Levels
CRP Levels Cases (n =50) Controls (n = 50) p-value
Elevated CRP 35 (70%) 20 (40%) 0.002
Normal CRP 15 (30%) 30 (60%)

Table 3: Association Between CRP Levels and Stroke
Measure Value
Odds Ratio (OR) 35
95% Confidence Interval (CI) 16t07.7
p-value 0.002

Table 4: Hypertension and Stroke
Hypertension Status Cases (n =50) Controls (n = 50) p-value
Hypertension 40 (80%) 25 (50%) 0.0016
No Hypertension 10 (20%) 25 (50%)

Table 5: Smoking Status and Stroke
Smoking Status Cases (n =50) Controls (n = 50) p-value
Smoker 25 (50%) 20 (40%) 0.3173
Non-smoker 25 (50%) 30 (60%)

Number of Individuals

Elevated CRP Normal CRP

CRP Levels

Figure 1: CRP Levels in Cases and Controls
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Figure 2: Association Between CRP Levels and Stroke
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Figure 3: Hypertension Status in Cases and Controls

DISCUSSION

This case-control study, conducted at Kakatiya
Medical College, Warangal, from June 2023 to May
2024, investigated the association between elevated
C-Reactive Protein (CRP) levels and the risk of
stroke. The findings demonstrate a significant
association, with elevated CRP levels conferring a
3.5-fold increased risk of stroke. This aligns with
existing literature that implicates inflammation, as
indicated by CRP, in the pathogenesis of stroke.

The results highlight the potential role of CRP as a
biomarker for stroke risk. Elevated CRP levels were
significantly more prevalent among stroke patients
compared to controls, suggesting that systemic
inflammation may contribute to stroke occurrence.
This is consistent with previous studies that have
linked higher CRP levels to an increased risk of
cardiovascular events, including stroke. Kaptoge et
al,[®1 (2010) conducted a meta-analysis and found that
elevated CRP levels were associated with an
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increased risk of coronary heart disease, stroke, and
mortality. Our findings support these results,
emphasizing the role of CRP as an important
inflammatory marker in stroke risk assessment
(Kaptoge et al 2010).[!

Hypertension was also found to be significantly
associated with stroke in this study. This finding
underscores the critical importance of managing
hypertension as a key madifiable risk factor for
stroke prevention.l®! Elevated CRP levels combined
with hypertension can exacerbate stroke risk, as
demonstrated by Chen et al,*® (2022) in their
nationwide prospective cohort study (Chen et al
2022).191 The lack of a significant association
between smoking status and stroke in this study may
be due to the relatively small sample size or other
confounding factors not accounted for.

Several studies have reported similar associations
between elevated CRP levels and stroke risk. For
instance, Chaudhuri et al,®! (2013) found that high-
sensitivity CRP levels were elevated in patients with
acute ischemic stroke, further supporting our findings
(Chaudhuri et al 2013).[1 Additionally, VanGilder et
al,[*9 (2014) reported that elevated CRP levels were
associated with worse long-term prognosis in
ischemic stroke patients (VanGilder et al 2014).011
These studies collectively highlight the significance
of CRP as a predictor of stroke and its potential
impact on patient outcomes.

Our study adds to this body of evidence by
confirming these findings in an Indian population,
thereby contributing to the global understanding of
stroke risk factors. The Emerging Risk Factors
Collaboration, as analyzed by Kaptoge et al (2010),!
included diverse populations and indicated the
universal relevance of CRP as a risk marker for
cardiovascular diseases, including stroke (Kaptoge et
al 2010).

McCabe et al,l*a (2021) conducted a systematic
review and meta-analysis that also supported the
association between inflammatory markers such as
CRP, interleukin-6, and fibrinogen, and the risk of
recurrence after ischemic stroke (McCabe et al
2021).122 Chen et al,[*1 (2023) further corroborated
the role of high-sensitivity CRP serum levels in the
prognosis for stroke patients through a meta-analysis,
emphasizing the prognostic value of CRP in stroke
outcomes (Chen et al 2023).[:31

Additionally, Luan and Yao,** (2018) highlighted
the clinical significance and potential role of CRP in
chronic inflammatory and neurodegenerative
diseases, which aligns with our findings on the
inflammatory basis of stroke (Luan & Yao 2018).114]
Dhingra et al,*! (2007) also discussed the broader
implications of CRP and inflammatory conditions in
cardiovascular disease risk, which underscores the
importance of addressing inflammation in stroke
prevention strategies (Dhingra et al 2007).1%%]

In summary, this study reinforces the association
between elevated CRP levels and stroke risk,
highlighting the importance of CRP as a biomarker
for identifying individuals at higher risk. It

underscores the need for comprehensive
management of hypertension and other modifiable
risk factors to mitigate the overall stroke risk.
Clinical Implications: The identification of elevated
CRP levels as a significant risk factor for stroke has
important clinical implications. Measuring CRP
levels could be a useful addition to current stroke risk
assessment protocols, helping to identify individuals
at higher risk who may benefit from more aggressive
preventive measures.

Strengths and Limitations: One of the strengths of
this study is the use of a well-defined case-control
design, which allowed for the comparison of CRP
levels between stroke patients and matched controls.
Additionally, the study accounted for major
confounding factors such as hypertension and
smoking status.

However, there are limitations to consider. The
sample size was relatively small, which may limit the
generalizability of the findings. Additionally, the
cross-sectional nature of the study precludes the
establishment of a causal relationship between
elevated CRP levels and stroke. Future studies with
larger sample sizes and prospective designs are
needed to confirm these findings and elucidate the
underlying mechanisms.

CONCLUSION

This study provides evidence of a significant
association between elevated CRP levels and the risk
of stroke, highlighting the role of inflammation in
stroke pathogenesis. Hypertension was also
identified as a key risk factor. These findings suggest
that CRP could serve as a valuable biomarker for
stroke risk assessment and underscore the importance
of managing inflammation and hypertension to
prevent stroke. Further research with larger,
prospective studies is warranted to confirm these
results and explore the potential benefits of targeting
inflammation in stroke prevention.
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