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ABSTRACT *Corresponding Author
Background: Acute ischemic stroke (AIS) is a major cause of morbidity and ]
mortality worldwide. ldentifying reliable prognostic biomarkers is crucial for | Dr- Abhi G M

managing AIS effectively. Junior re5|de_nt_, Department_of
Methods: This prospective observational study included 125 AIS patients. Serum | General medicine, JJM Medical
albumin and CRP levels were measured at admission, 48 hours, 72 hours, and at | COllege, Davangere.
discharge. Patients were followed up for six months, focusing on mortality, functional
recovery, and post-stroke complications.

Results: Lower serum albumin and higher CRP levels at admission were significantly
associated with increased stroke severity and poorer outcomes. The mortality rate at
6-month follow-up was 12%. Each g/dL decrease in albumin increased the odds of
adverse outcomes by 25% (Odds Ratio 0.75, 95% CI1 0.62 - 0.91, p < 0.05), and each
unit increase in CRP was associated with a 5% increase in the odds of adverse
outcomes (Odds Ratio 1.05, 95% CI 1.01 - 1.09, p < 0.05). A significant negative
correlation was observed between serum albumin and CRP levels (correlation
coefficient -0.52, p < 0.01 at 72 hours).

Conclusion: Serum albumin and CRP levels are significant prognostic biomarkers in
AIS, associated with stroke severity and outcomes. Their routine assessment could aid
in risk stratification and management of AlS patients.
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INTRODUCTION

Acute ischemic stroke (AIS) represents a significant global health challenge, characterized by the sudden loss of
blood circulation to an area of the brain, resulting in a corresponding loss of neurologic function [1]. The timely and
accurate prediction of stroke outcomes is crucial for optimizing patient management and allocating healthcare resources
effectively. In recent years, serum biomarkers have gained attention for their potential in prognostic assessments in AlS.
Among these, serum albumin and C-reactive protein (CRP) have emerged as significant indicators, offering insights into
the prognosis of stroke patients [2, 3].

Serum albumin, the most abundant plasma protein in humans, plays a critical role in maintaining colloidal osmotic
pressure and transporting hormones, fatty acids, and drugs [4]. In the context of AIS, hypoalbuminemia has been
associated with an increased risk of stroke and worse outcomes post-stroke [5]. The underlying mechanisms are thought
to involve albumin's effects on neuro inflammation, oxidative stress, and endothelial function, which are critical in the
pathophysiology of ischemic stroke [6]. Lower serum albumin levels have been correlated with higher stroke severity,
larger infarct volumes, and worse functional outcomes [7].

Conversely, CRP, an acute-phase protein synthesized by the liver in response to inflammation, has been extensively
studied as a biomarker in various cardiovascular diseases, including stroke [8]. Elevated CRP levels after AIS have been
consistently linked with poor functional outcomes, increased mortality, and a higher risk of recurrent vascular events [9].
The prognostic value of CRP in AIS can be attributed to its role in inflammation and endothelial dysfunction, which are
central to the pathogenesis of ischemic stroke [10].

The interplay between serum albumin and CRP levels in AIS patients presents a unique opportunity for clinicians. A
combined assessment of these biomarkers could provide a more comprehensive view of a patient's inflammatory and
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nutritional status, which are pivotal in stroke outcomes [11]. Studies have shown that the albumin-to-CRP ratio (ACR)
can be a more reliable prognostic indicator than either aloumin or CRP levels alone [12]. This synergistic approach
underscores the complexity of AIS and the multifactorial nature of its outcomes.

Moreover, the prognostic value of serum albumin and CRP extends beyond the acute phase of stroke. Longitudinal
studies have demonstrated their predictive utility in post-stroke complications such as infections, which are common and
detrimental to recovery [13]. These findings underscore the importance of monitoring these biomarkers not only for
immediate stroke prognosis but also for long-term management.

However, the application of serum albumin and CRP levels as prognostic tools in clinical practice is not without
challenges. Factors such as pre-stroke nutritional status, comorbidities, and variations in acute phase responses can
influence these biomarkers' levels, thereby affecting their prognostic accuracy [14]. Furthermore, while the association
between these biomarkers and stroke outcomes is well-established, the causative mechanisms remain only partially
understood, necessitating further research [15].

Serum albumin and CRP are valuable biomarkers in predicting the prognosis of AIS. Their role in inflammation,
oxidative stress, and neurovascular integrity makes them particularly relevant in the AIS setting. The integration of these
biomarkers into clinical practice could enhance the prognostic stratification of stroke patients, leading to more
personalized and effective management strategies. However, ongoing research is essential to further elucidate their
mechanisms of action and to refine their application in clinical settings.

AIMS AND OBJECTIVES

The primary aim of this study was to investigate the prognostic significance of serum albumin and C-reactive protein
(CRP) in patients with acute ischemic stroke (AIS). Specifically, the study sought to determine the association between
these biomarkers and stroke outcomes, including mortality rates, functional recovery, and the occurrence of post-stroke
complications. A secondary objective was to evaluate the combined predictive value of serum albumin and CRP levels,
considering their potential synergistic effect on stroke prognosis.

MATERIALS AND METHODS
Study Design and Setting

The study was conducted as a prospective observational study in a tertiary care hospital. Patients admitted with a
diagnosis of AIS between January 2023 and December 2023 were enrolled.

Participants

The study included 125 patients with a confirmed diagnosis of AlS, as determined by clinical assessment and brain
imaging (CT or MRI). Inclusion criteria were patients aged 18 years and older, with a diagnosis of AIS within 24 hours
of symptom onset. Exclusion criteria encompassed patients with a history of chronic inflammatory or infectious diseases,
liver disease, malignancy, recent surgery or trauma, and those who received albumin or anti-inflammatory treatment
within the last three months.

Data Collection

Demographic data, medical history, and clinical data, including National Institutes of Health Stroke Scale (NIHSS)
scores at admission, were recorded. Serum albumin and CRP levels were measured within 24 hours of admission.
Subsequent measurements were taken at 48 hours, 72 hours, and at discharge.

Sample Size and Statistical Analysis

The sample size was calculated based on the primary outcome of mortality rate, using a two-sided alpha of 0.05, a
power of 80%, and an anticipated effect size derived from previous studies. Considering a 20% dropout rate, the final
calculated sample size was approximately 125 patients. Statistical analysis was performed using SPSS version 25.0.
Continuous and categorical variables were analyzed using appropriate statistical tests, with a significance threshold set at
p <0.05.

Ethical Considerations
The study protocol was reviewed and approved by the institutional ethics committee. Informed consent was obtained
from all participants or their legal guardians.

Follow-up and Outcome Measures

Patients were followed up for six months post-stroke. The primary outcome measure was mortality, while secondary
outcomes included functional recovery assessed by the Modified Rankin Scale (mRS) and the occurrence of post-stroke
complications such as infections and recurrent vascular events.

In summary, this study employed a comprehensive methodology to elucidate the prognostic value of serum albumin
and CRP in AIS, considering a large and diverse patient population. The findings were expected to contribute
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significantly to the understanding of these biomarkers in stroke prognosis and aid in developing tailored therapeutic
strategies for AIS patients.

RESULTS

The study aimed to evaluate the prognostic significance of serum albumin and C-reactive protein (CRP) in patients
with acute ischemic stroke (AIS). A total of 125 patients were enrolled, with a mean age of 68.5 + 11.2 years. The cohort
comprised 60% males (n=75) and 40% females (n=50). The prevalence of hypertension and diabetes mellitus among the
participants was 68% (n=85) and 32% (n=40), respectively. At admission, the average National Institutes of Health
Stroke Scale (NIHSS) score was 14.3 £ 5.6, indicating a moderate level of initial stroke severity.

Serum albumin levels were observed to decrease from the time of admission (3.5 + 0.6 g/dL) to 72 hours post-
admission (3.3 = 0.5 g/dL), with a slight increase observed at discharge (3.7 + 0.6 g/dL). The changes in serum albumin
levels over time were statistically significant (p < 0.01 at discharge compared to admission). CRP levels showed an initial
increase from admission (25.4 + 10.2 mg/L) to 48 hours (30.1 £ 12.3 mg/L), followed by a decrease at discharge (18.2 +
9.4 mg/L). The variations in CRP levels at each time point were statistically significant (p < 0.01 from admission to 48
hours and p < 0.01 at discharge).

When assessing the association of baseline serum albumin and CRP levels with stroke severity, it was found that
patients with severe strokes (NIHSS > 14) had significantly lower baseline serum albumin (3.1 + 0.7 g/dL) and higher
CRP levels (35.4 £ 12.6 mg/L) compared to those with mild (NIHSS 1-7) and moderate strokes (NIHSS 8-14). The
difference was statistically significant (p < 0.01 for both albumin and CRP across stroke severity categories).

A negative correlation was observed between serum albumin and CRP levels at all time points. The strongest
correlation was at 72 hours (correlation coefficient -0.52, p < 0.01), followed by 48 hours (correlation coefficient -0.50, p
< 0.01), admission (correlation coefficient -0.45, p < 0.01), and discharge (correlation coefficient -0.40, p < 0.01).

Regarding the 6-month follow-up outcomes, the mortality rate was 12% (n=15). The mean Modified Rankin Scale
(mRS) score indicating functional recovery was 3.2 £ 1.5. The incidence of post-stroke complications was 24% (n=30).
The mortality rate was significantly associated with lower baseline albumin levels (p < 0.05) and higher baseline CRP
levels (p < 0.05).

Multivariable analysis revealed that baseline serum albumin was a significant predictor of stroke outcomes. For each
g/dL decrease in albumin, the odds of adverse outcomes increased by 25% (Odds Ratio 0.75, 95% CI 0.62 - 0.91, p <
0.05). Additionally, each unit increase in CRP was associated with a 5% increase in the odds of adverse outcomes (Odds
Ratio 1.05, 95% CI1 1.01 - 1.09, p < 0.05).

Subgroup analyses indicated significant differences in mortality rates between age groups. Patients younger than 65
years had higher baseline albumin levels (3.7 £ 0.5 g/dL) and lower CRP levels (22.3 + 9.8 mg/L) compared to patients
aged 65 years and above (albumin: 3.3 + 0.6 g/dL, CRP: 28.4 £ 10.6 mg/L), with these differences being statistically
significant (p < 0.05 for albumin and p < 0.01 for CRP).

In summary, the study's findings suggest that serum albumin and CRP levels are significantly associated with stroke
severity, outcomes, and mortality in AIS patients. Lower baseline serum albumin and higher CRP levels were linked with
increased severity and poorer outcomes, including higher mortality and lower functional recovery. The results underscore
the potential of these biomarkers in guiding prognostic assessments and tailoring management strategies in AlS.

Table 1: Baseline Characteristics of the Study Population (n=125)

Variable Total (n=125)
Age, years (mean £ SD) 68.5+ 11.2
Gender (n, %)
- Male 75 (60%)
- Female 50 (40%)
Hypertension (n, %) 85 (68%)
Diabetes Mellitus (n, %) 40 (32%)
Baseline NIHSS Score (mean + SD) 143+5.6
Serum Albumin, g/dL (mean + SD) 3.5+0.6
CRP, mg/L (mean + SD) 25.4 +10.2

Table 2: Serum Albumin Levels at Different Time Points
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Time Point Serum Albumin (g/dL) p-value
Admission 3.5+0.6 -

48 Hours 3.4+05 0.22
72 Hours 3.3+05 0.05
Discharge 3.7+0.6 <0.01
Table 3: C-Reactive Protein Levels at Different Time Points
Time Point CRP (mg/L) p-value
Admission 25.4+10.2 -
48 Hours 30.1+12.3 <0.01
72 Hours 275+116 0.03
Discharge 18.2+9.4 <0.01
Table 4: Association of Baseline Serum Albumin and CRP Levels with Stroke Severity
Stroke Severity Serum Albumin (g/dL) CRP (mg/L) p-value
Mild (NIHSS 1-7) 3.8+04 18.5+8.2 <0.05
Moderate (NIHSS 8-14) 3.5+£0.6 26.7 +10.1 <0.01
Severe (NIHSS >14) 3.1+0.7 3541126 <0.01
Table 5: Correlation between Serum Albumin and CRP Levels
Time Point Correlation Coefficient p-value
Admission -0.45 <0.01
48 Hours -0.50 <0.01
72 Hours -0.52 <0.01
Discharge -0.40 <0.01
Table 6: Outcome Measures at 6-Month Follow-Up
Outcome Measure Value (n, % or mean + SD) p-value
Mortality Rate 15 (12%) <0.05
Functional Recovery (mRS) 3.2+15 <0.01
Post-Stroke Complications 30 (24%) 0.03
Table 7: Multivariable Analysis for Predictors of Stroke Outcomes
Predictor Odds Ratio (95% CI) p-value
Baseline Albumin 0.75 (0.62 - 0.91) <0.05
Baseline CRP 1.05(1.01 - 1.09) <0.05
Table 8: Subgroup Analyses
Subgroup Outcome Serum Albumin (g/dL) CRP (mg/L) p-value
Age <65 years Mortality Rate 3.7+05 22.3+9.8 <0.05
Age >65 years Mortality Rate 3.3+0.6 28.4+10.6 <0.01
DISCUSSION

The present study investigated the prognostic significance of serum albumin and C-reactive protein (CRP) in patients
with acute ischemic stroke (AIS). Our findings reveal that lower serum albumin and higher CRP levels are associated
with increased stroke severity and poorer outcomes, including higher mortality and reduced functional recovery. These
results are in alignment with existing literature, further substantiating the role of these biomarkers in AIS prognosis.

A notable observation in our study was the negative correlation between serum albumin and CRP levels, which is
consistent with the findings of a study by Goldstein et al., where hypoalbuminemia was associated with higher
inflammation markers and poor outcomes in cardiovascular diseases [16]. Our results demonstrated a significant decrease
in albumin levels from admission to 72 hours post-admission (p < 0.05), followed by an increase at discharge. This trend
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mirrors the dynamic changes in serum albumin reported in stroke patients, highlighting its potential as a marker of acute
phase reaction and ongoing inflammation [17].

The association between higher CRP levels and increased stroke severity found in our study echoes the results of Di
Napoli et al., who reported elevated CRP levels in AlS patients correlated with worse outcomes [18]. Our study found an
initial increase in CRP levels within the first 48 hours, followed by a decrease at discharge, similar to patterns observed
in previous studies [19]. This fluctuation underlines the role of CRP as an acute-phase reactant, reflecting the body's
inflammatory response post-stroke.

Our mortality data, indicating a 12% rate at 6-month follow-up, align with the broader stroke mortality trends
reported in the literature. For instance, a study by Westendorp et al. showed a comparable mortality rate, underscoring
the severity of AIS [20]. The relationship between baseline albumin, CRP levels, and mortality in our study is supported
by the work of Wu et al., who found that AIS patients with lower albumin and higher CRP levels had a significantly
higher risk of mortality [21].

The significant predictors of stroke outcomes in our multivariable analysis were baseline serum albumin and CRP
levels. Each g/dL decrease in albumin increased the odds of adverse outcomes by 25%, and each unit increase in CRP
was associated with a 5% increase in the odds of adverse outcomes. These findings are in line with those reported by
ladecola and Anrather, who emphasized the role of inflammatory markers in stroke pathophysiology [22].

Our subgroup analysis revealed age-related differences in albumin and CRP levels, with younger patients (<65
years) exhibiting higher albumin and lower CRP levels. This finding suggests that younger AIS patients may have a
better prognosis, which is supported by the study of Simats et al., highlighting the influence of age on stroke outcomes
[23].

Limitations

Our study's single-center design and the relatively small sample size may limit the generalizability of the findings.
Additionally, the exclusion of patients with chronic inflammatory diseases or recent trauma might have influenced the
results. Future studies with larger, more diverse cohorts are necessary to validate these findings.

Our study adds to the growing body of evidence that serum albumin and CRP are valuable biomarkers in predicting
the prognosis of AIS. These biomarkers could aid in stratifying patients according to their risk of adverse outcomes,
thereby guiding clinical decision-making and resource allocation. Further research in larger and more diverse populations
is essential to consolidate these findings and integrate them into clinical practice.

CONCLUSION

The current study provides substantial evidence that serum albumin and C-reactive protein (CRP) levels are crucial
prognostic biomarkers in acute ischemic stroke (AIS). Our findings demonstrated that lower serum albumin and higher
CRP levels upon admission are significantly associated with increased stroke severity, higher mortality rates, and poorer
functional outcomes. Specifically, for each g/dL decrease in serum albumin, the odds of adverse outcomes increased by
25%, and each unit increase in CRP elevated the risk of adverse outcomes by 5%. Furthermore, the negative correlation
between serum albumin and CRP levels suggests a complex interplay between nutritional status and inflammatory
response in the pathophysiology of AIS. These biomarkers, therefore, hold potential in guiding clinical decision-making
and enhancing the management of AIS patients.

Our study underscores the importance of integrating these biomarkers in the routine assessment of AIS patients to
stratify risk and tailor therapeutic interventions. However, the limitations of a single-center design and a relatively small
sample size indicate the need for further research in larger, more diverse cohorts to confirm these findings and fully
understand the implications of serum albumin and CRP in stroke prognosis.
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