
Introduction 
Acute ischemic stroke (AIS) ranks first among the emer-
gent neurological diseases and stroke is the second most 
common cause of death after acute cardiac diseases 
worldwide.[1] With the aging of the human population, 
the importance of stroke continues to increase day by day 
since it is a significant cause of mortality, morbidity and 
economic burden in advanced age.[2] 

Low HDL cholesterol levels are associated with 
impaired metabolic status and cerebrovascular risk.[3] Uric 
acid is a product of purine metabolism, and high serum 
levels are associated with impaired metabolic states and 
increased cerebrovascular risk.[4] C-reactive protein (CRP) 

is an acute phase protein produced by the activation of 
cytokines secondary to ischemia, infection, trauma and 
other inflammatory conditions.[5] Again, low serum albu-
min levels were found to be associated with poor progno-
sis and mortality.[6,7] The combination of these two 
metabolic parameters was thought to be a good predictor 
of stroke risk.[8] The use of simple parameters measured in 
serum is important in terms of prognosis and evaluation of 
recurrent stroke risk factors of patients, since they are 
both cost-effective and easy to use.[2,9,10] For these reasons, 
we aimed to investigate the relationship between degree of 
the disease and inflammatory markers in stroke patients 
with acute partial anterior circulation infarction.  
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Abstract 

Objectives: The aim of this study was to investigate the relationship between National Institutes of Health Stroke Scale scores 
and Glasgow coma scores of patients with partial anterior ischemic stroke and laboratory results, particularly serum CRP, albu-
min, platelet and other complete blood count data, and prognosis.  

Methods: In this retrospective study 226 of patients with partial anterior circulation infarction who were admitted to the Bolu 
Abant İzzet Baysal University Neurology Clinic between January 2021 and 2022 with the diagnosis of acute ischemic stroke and 
hospitalized within the first 24 hours were investigated. The demographic data, stroke etiology and risk factors, National 
Institutes of Health Stroke Scale, Glasgow coma scores, complete blood count, certain inflammatory markers and biochemical 
parameters, length of hospital stay and mortality rates were examined. And the relationship between inflammatory markers and 
grade of disease was evaluated statistically.  

Results: The patients with moderate Glasgow coma score had a lower lymphocyte level, severe patients had higher PCT level 
and moderate patients had higher CRP level among others. Patients with moderate GCS had higher CRP/ALB val ues than those 
with mild. Patients with moderate and moderate-severe National Institutes of Health Stroke Scale had higher RBC and HGB lev-
els than the patients with mild. Moderate-severe patients had lower albumin lev els.  

Conclusion: CRP-albumin ratio, serum platelet and serum albumin levels may have prognostic value in acute partial anteri-
or ischemic stroke patients.  
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Materials and Methods 
Medical files of 226 of patients (105 females, 121 males) 
aged between 41–97 (median: 75, IQR: 65–83) with par-
tial anterior circulation infarction who were admitted to 
the Bolu Abant İzzet Baysal University Neurology Clinic 
between January 2021 and 2022 with the diagnosis of 
acute ischemic stroke and hospitalized within the first 24 
hours were investigated retrospectively. The demograph-
ic data, stroke etiology and risk factors, National Institute 
of Health Stroke Scale (NIHHS), Glasgow coma score 
(GCS), modified ranking scale (mRS) at the time of 
admission to the hospital, complete blood count parame-
ters, CRP, albumin (alb), uric acid, HDL, AST, 
CRP/albumin, HDL/uric acid values, length of hospital 
stay and mortality rates were examined. Patients were 
grouped under 3 categories according to their GCS as 
severe (3–8), moderate (9–12) and mild (13–15). 
According to the GCS; 131 were mild, 81 were moderate, 
and 14 were severe. The patients were further grouped 
under 5 according to their NIHSS as asymptomatic (0), 
mild (1–4), moderate (5–15), moderate-severe (16–20) and 
severe (21–42). According to the NIHSS, 60 were mild, 
141 were moderate, 22 were moderate-severe, and 3 were 
severe. There were no asymptomatic patients. Those who 
had previously been diagnosed with cancer and those with 
other neurological diseases were not included in the study. 

Continuous data were compared using Student’s t-test, 
Mann-Whitney U test or Kruskal-Wallis test and cate-
gorical data were compared using Pearson’s chi-squared 
test or Fisher’s exact test. In order to determine the factors 
affecting mortality and length of stay, multiple logistic 
regression (forward Wald method) and multiple linear 
regression analyses were applied. Parameters with a sim-
ple analysis result of p<0.20 were included in the multiple 
model. Log-transform was applied on length of stay to the 
normality of the residual’s assumption. SPSS (Version 
23.0, IBM Corp., Armonk, NY, USA) was used for the 
analyses. Significance level was determined as p<0.05.  

Results 
Among the other diseases accompanying the stroke, the 
most common comorbid factor was hypertension 
(51.77%) (Table 1).  

The patients with moderate and severe GCS had a 
higher mRS of 3 and above than those with mild 
(p<0.001). The patients with moderate GCS a lower lym-
phocyte (LYM) level, severe patients had higher PCT 
level and moderate patients had higher CRP level among 
others (p=0.049, p=0.029 and p=0.001, respectively). 
Patients with moderate GCS had higher CRP/ALB val-
ues than those with mild (p=0.001). Patients with GCS 

severe stayed in hospital for a shorter time than other 
GCS groups (p<0.001) (Table 2). 

Patients with moderate, moderate-severe and severe 
NIHSS had a higher mRS of 3 and above than mild ones 
(p<0.001). Patients with moderate and moderate-severe 
NIHSS had higher RBC and HGB levels than the 
patients with mild NIHSS (p<0.001 and p=0.008, respec-
tively). Moderate-severe patients had lower albumin lev-
els (p=0.010). It was observed that the AST level was 
higher in patients with moderate than those with mild 
(p=0.022). As the NIHSS scores increased, the patients 
stayed in the hospital longer (p<0.001) (Table 3). 

Mortality rate was lower in patients with mild GCS 
and higher in patients with severe (p<0.001). Mortality 
rate was higher in patients with mRS of 3 and above 
(p=0.016). PLT, MONO, PCT, albumin levels were 
found to be higher and MCV levels were lower in 
patients who died (p=0.003, p= 0.007, p=0.006, p=0.010 
and p=0.047, respectively) (Table 4). 

The mortality risk was found to be 21.05 (95% CI: 
5.4–82.04) times higher in patients with GCS severe 
(p<0.001). It was concluded that a one-unit increase in 
MONO caused a 3.72 (95% CI: 1.1–12.6) fold increase 
in mortality risk (p=0.035). In the mortality estimation 
model, the overall accuracy rate was 91.2%, sensitivity 
20%, specificity 98.1%. The factors affecting the length 
of stay in the hospital were determined as GCS (mild 
group), NIHSS (Moderate and Moderate-Severe), 
LYM, NEU and RDW. The coefficients shared in 
Table 5 was determined for log-transformed hospital-
ization time. After applying the back transformation; it 
was determined that the hospitalization times increased 

Table 1 
Characteristics of the patients.

n % 

Additional disease  

Hypertension 117 51.77 

Diabetes 69.0 30.53 

Hyperlipidemia 18 7.96 

Coronary disease 52 23.01 

MI/stroke 45 19.91 

Atrial fibrilation 71 31.42 

Chronic kidney disease 6 2.65 

Pulmonary hypertension 1 0.44  

Smoking history 31 13.72 

Modified ranking scale score  

<3 78 35 

≥3 148 65
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approximately 24.85% and 97% in NIHSS moderate 
and moderate-severe group, and 25% decreased in GCS 
moderate group, respectively. A 1-unit increase in LYM 
and RDW values resulted in an approximately 25% and 
4.6% decrease in the length of hospital stay, and a 1-unit 
increase in neu value resulted in 9.7% increase in the 
length of hospital stay (Table 5). 

Discussion 
The main target of our study was to determine the rela-
tionship between inflammatory markers and grade of 
disease in patients with acute ischemic stroke with partial 
anterior circulation infarct. According to the results of 
our study, CRP-albumin ratios and HDL-uric acid ratios 
did not have a statistically significant relationship with 

Table 2  
Comparison of data according to Glascow coma score.

Mild (n=131) Moderate (n=81) Severe (n=14) p-value  

Age (year) 76.5 (58.25–80.75) 73 (64–83.5) 75 (66–82) 0.929 

Sex (female) 5 (35.71) 46 (56.79) 54 (41.22) 0.062 

Hypertension 8 (57.14) 38 (46.91) 71 (54.2) 0.539 

Diabetes 5 (35.71) 23 (28.4) 41 (31.3) 0.824 

Hyperlipidemia 1 (7.14) 6 (7.41) 11 (8.4) 0.960 

Coronary disease 3 (21.43) 22 (27.16) 27 (20.61) 0.540 

MI/stroke 2 (14.29) 14 (17.28) 29 (22.14) 0.596 

Atrial fibrilation 3 (21.43) 31 (38.27) 37 (28.24) 0.220 

Chronic kidney disease 1 (7.14) 1 (1.23) 4 (3.05) 0.283† 

Pulmonary hypertension 1 (7.14) 0 (0) 0 (0) - 

Smoking 1 (7.14) 8 (9.88) 22 (16.79) 0.277 

mRS  

<3 73 (55.73)a 5 (6.17)b 0 (0)b <0.001 

≥3 58 (44.27)b 76 (93.83)a 14 (100)a  

WBC 8.74 (6.81–10.9) 8.96 (7.19–11.7) 10.02 (8.83–11.87) 0.158 

RBC* 4.7±0.63 4.47±0.74 4.69±0.69 0.053 

HGB* 13.49±1.73 12.94±2.46 12.9±2.56 0.145 

PLT 229 (192–276) 233 (195.5–284) 266.5 (211.25–398.75) 0.087 

MCV 88.2 (84.8–91.9) 88.2 (84.4–91.3) 86.05 (81.83–90.33) 0.328 

RDW 13.9 (12.9–15.8) 13.8 (12.9–15.7) 13.75 (12.68–17.05) 0.997 

LYM 1.71 (1.25–2.21)a 1.5 (0.94–2.06)b 1.74 (1.1–2.68)a,b 0.049 

MONO 0.59 (0.47–0.84) 0.63 (0.5–0.79) 0.77 (0.53–0.93) 0.313 

NEU 5.81 (3.94–7.8) 6.65 (4.61–8.84) 6.71 (5.27–10.23) 0.109 

BASO 0.05 (0.03–0.07) 0.05 (0.02–0.06) 0.05 (0.03–0.06) 0.532 

EOS 0.11 (0.04–0.21) 0.08 (0.03–0.18) 0.07 (0.05–0.14) 0.244 

PDW 13.7 (11.5–17.2) 12.9 (11.25–16.2) 11.4 (10.83–13.93) 0.134 

MPV 10.2 (9.1–11.1) 10.4 (9.55–11.2) 10.05 (9.47–10.33) 0.487 

PCT 0.22 (0.18–0.27)b 0.25 (0.19–0.3)a,b 0.26 (0.21–0.39)a 0.029 

CRP 4.3 (0.7–11)b 10.3 (2.35–43.7)a 7.6 (0.58–14.5)a,b 0.001 

Albumin 40 (37.2–42.8) 38.8 (34.5–42.6) 40 (32.08–43.63) 0.116 

Uric acid 5.4 (4.5–6.4) 5.3 (4.5–6.75) 6.2 (5.2–7.05) 0.338 

HDL 43 (37–51.4) 43.1 (36.95–49.1) 43.5 (37.68–53.88) 0.919 

AST 21 (17–25) 22 (17–32) 20 (17.5–25.75) 0.341 

CRP/albumin 1.17 (0.16–3)b 2.59 (0.57–11.45)a 2.13 (0.17–3.84)a,b 0.001 

HDL/uric acid 7.95 (6.55–10.7) 8.13 (5.83–10.91) 7.45 (5.66–10.81) 0.824 

Hospital stay 8 (4.5–15.5)a 6 (4–12)a 4 (2–7)b <0.001 

Continuous data were summarized as median (IQR, 25th–75th percentile) and analyzed with Kruskal-Wallis test (post-hoc Dunn test). Qualitative data were summarized 
by frequency and percentage and analyzed using Pearson’s chi-squared test (post-hoc adj. Bonferroni method). *Data were summarized as mean±sd (one-way ANOVA). 
†Fisher’s exact test. a,bAccording to the results of the post-hoc tests, different letters indicate a significant difference between the groups, p<0.05. 
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NIHSS and mortality. However, the CRP-albumin ratio 
had a significant relationship only between the mild and 
moderate GCS groups. It was previously shown that 
CAR ratio may be a predictor of mortality in ischemic 
stroke patients.[11] Although it was mentioned that CAR 
ratio would be a better predictor than only serum albu-

min and serum CRP levels alone. Our study revealed 
that only albumin ratio was correlated with NIHSS and 
thus can be suggested as a better predictor than CAR 
ratio. PCT, which is one of the complete blood count 
parameters, draws attention because it is associated with 
both the NIHSS and the mortality rate. The limitation 

Table 3  
Comparison of data according to National Institute of Health Stroke Scale (NIHHS) stroke score.

Mild (n=60) Moderate (n=141) Moderate-Severe (n=22) Severe† (n=3) p-value  

Age (year) 74.5 (65.25–81.75) 74 (64.5–82) 81.5 (67–86.25) 59 (47–79) 0.573 

Sex (female) 22 (36.67) 72 (51.06) 11 (50) 0 (0) 0.100 

Hypertension 32 (53.33) 75 (53.19) 10 (45.45) 0 (0) 0.349 

Diabetes 14 (23.33) 49 (34.75) 5 (22.73) 1 (33.33) 0.309 

Hyperlipidemia 4 (6.67) 12 (8.51) 1 (4.55) 1 (33.33) 0.381 

Coronary disease 16 (26.67) 31 (21.99) 5 (22.73) 0 (0) 0.791 

MI/stroke 11 (18.33) 30 (21.28) 4 (18.18) 0 (0) 0.951 

Atrial fibrilation 17 (28.33) 45 (31.91) 9 (40.91) 0 (0) 0.555 

Chronic kidney disease 0 (0) 5 (3.55) 1 (4.55) 0 (0) 0.319 

Pulmonary hypertension 0 (0) 0 (0) 1 (4.55) 0 (0) - 

Smoking 6 (10) 24 (17.02) 1 (4.55) 0 (0) 0.334 

mRS  

<3 51 (85)a 24 (17.02)b 3 (13.64)b 0 (0)b <0.001 

≥3 9 (15)b 117 (82.98)a 19 (86.36)a 3 (100)a  

WBC 8.78 (6.76–10.6) 8.86 (6.93–10.99) 9.74 (7.31–12.07) 9.26 (9.14–14.25) 0.386 

RBC* 4.83 (4.45–5.25)a 4.51 (4.07–5.02)b 4.41 (4.05–4.75)b 5.3±0.64 <0.001 

HGB* 13.8 (12.8–15.08)a 12.8 (11.6–14.6)b 12.65 (11.88–14.2)b 15.27±2.1 0.008 

PLT 238 (196–278.75) 231 (193–284) 234 (206.25–279) 319 (197–544) 0.929 

MCV 88.35 (84.7–91.88) 88.1 (84.5–91.3) 89.4 (84.9–93.65) 86.1 (81.1–88.1) 0.620 

RDW 13.85 (12.9–15.7) 14.1 (12.85–15.8) 14.05 (12.9–15.85) 12.7 (11.5–12.8) 0.850 

LYM 1.86 (1.22–2.45) 1.67 (1.16–2.15) 1.58 (1.05–1.8) 1.43 (1.11–1.66) 0.172 

MONO 0.6 (0.48–0.88) 0.62 (0.49–0.79) 0.58 (0.45–0.82) 0.67 (0.46–0.98) 0.793 

NEU 5.54 (3.9–7.42) 6.05 (4.44–8.5) 7.1 (5.09–10.61) 6.68 (6.24–12.62) 0.153 

BASO 0.05 (0.03–0.08) 0.05 (0.03–0.06) 0.04 (0.02–0.05) 0.05 (0.02–0.06) 0.074 

EOS 0.11 (0.04–0.24) 0.1 (0.04–0.18) 0.06 (0.01–0.15) 0.15 (0.01–0.51) 0.164 

PDW 13.55 (11.33–17.3) 13 (11.35–16.75) 13.65 (10.85–17.68) 11.2 (10.2–11.6) 0.606 

MPV 10.15 (8.45–10.7) 10.3 (9.5–11.2) 10.15 (9.35–10.83) 10.2 (9.7–10.3) 0.216 

PCT 0.22 (0.18–0.28) 0.24 (0.19–0.3) 0.25 (0.19–0.28) 0.33 (0.2–0.53) 0.450 

CRP 4.25 (1–11.23) 5.8 (1.3–17.65) 9.2 (2.75–45.3) 20.8 (1.8–43.5) 0.095 

Albumin 40.2 (38–43)a 39.1 (36–42.7)a 36 (31.5–40.45)b 39 (29–45) 0.010 

Uric acid 5.6 (4.63–6.88) 5.3 (4.5–6.4) 5.7 (4.33–7.53) 6.4 (2.5–7.6) 0.162 

HDL 43 (37.18–52.68) 43 (37–49.95) 42.6 (38.05–48.5) 38.3 (23.6–47.2) 0.966 

AST 19.5 (16–24)b 22 (18–31)a 21.5 (18.5–25.75)a,b 23 (19–37) 0.022 

CRP/albumin 1.07 (0.25–2.94) 1.4 (0.32–4.73) 2.49 (0.7–15.2) 5.33 (0.4–15) 0.072 

HDL/uric acid 7.29 (6.11–10.52) 8.14 (6.43–10.85) 8.09 (5.58–10.95) 7.38 (5.04–9.44) 0.398 

Hospital stay 3 (2–6)a 5 (3–9)b 10 (6–18.25)c 11 (2–0) <0.001 

Continuous data were summarized as median (IQR, 25th–75th percentile) and analyzed with Kruskal-Wallis test (post-hoc Dunn test). Qualitative data were summarized 
by frequency and percentage and analyzed using Fisher’s exact test (post-hoc adj. Bonferroni method). *Data were summarized as mean±sd (one-way ANOVA). 
†Continuous data could not be compared due to insufficient number of observations. a,b,cAccording to the results of the post-hoc tests, different letters indicate a sig-
nificant difference between the groups, p<0.05. 
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Survived (n=206) Dead  (n=20) p-value 

Age (year) 75 (65–83) 75.5 (64.75–82.75) 0.974 

Sex (female) 94 (45.63) 11 (55) 0.423 

Hypertension 109 (52.91) 8 (40) 0.270 

Diabetes 60 (29.13) 9 (45) 0.141 

Hyperlipidemia 18 (8.74) 0 (0) 0.380† 

Coronary disease 47 (22.82) 5 (25) 0.785 

MI/stroke 40 (19.42) 5 (25) 0.560 

Atrial fibrilation 64 (31.07) 7 (35) 0.718 

Chronic kidney disease 5 (2.43) 1 (5) 0.430† 

Pulmonary hypertension 0 (0) 1 (5) - 

Smoking 30 (14.56) 1 (5) 0.324† 

GCS  

Mild 125 (60.68)a 6 (30)b <0.001 

Moderate 74 (35.92)a 7 (35)a  

Severe 7 (3.4)b 7 (35)a  

NIHSS  

Mild 58 (28.16) 2 (10) 0.090** 

Moderate 127 (61.65) 14 (70)  

Moderate-severe 19 (9.22) 3 (15)  

Severe 2 (0.97) 1 (5)  

mRS  

<3 76 (36.89) 2 (10) 0.016 

≥3 130 (63.11) 18 (90)  

WBC 8.83 (6.97–10.95) 9.85 (8.47–18.04) 0.057 

RBC* 4.62±0.69 4.61±0.58 0.942 

HGB* 13.33±2.07 12.49±2.07 0.086 

PLT 228 (192–278) 276.5 (242.25–580) 0.003 

MCV 88.15 (84.78–91.83) 85.6 (79.5–93.6) 0.047 

RDW 13.8 (12.88–15.63) 14.95 (12.83–22.4) 0.268 

LYM 1.63 (1.15–2.15) 1.74 (1.26–3.93) 0.316 

MONO 0.6 (0.47–0.8) 0.8 (0.62–1.58) 0.007 

NEU 5.96 (4.44–8.36) 7.59 (4.59–12.96) 0.180 

BASO 0.05 (0.03–0.06) 0.05 (0.02–0.14) 0.997 

EOS 0.1 (0.04–0.18) 0.07 (0.04–0.59) 0.497 

PDW 13.1 (11.3–17.1) 12.25 (10.93–18.2) 0.132 

MPV 10.2 (9.35–11) 10.2 (9.5–11.9) 0.957 

PCT 0.23 (0.18–0.28) 0.3 (0.21–0.45) 0.006 

CRP 5.4 (1.38–15.63) 11.9 (4.3–110.1) 0.084 

Albumin 40 (36.45–43) 36.25 (32.7–46) 0.010 

Uric acid 5.4 (4.5–6.6) 5.15 (4.43–40) 0.707 

HDL 43 (37–51.4) 41.15 (36.33–63) 0.329 

AST 21.5 (17–26) 21.5 (16.5–124) 0.747 

CRP/albumin 1.3 (0.33–4.27) 3.18 (1.13–32.38) 0.074 

HDL/uric acid 8.03 (6.08–10.72) 7.57 (6.43–17.41) 0.759 

Continuous data were summarized as median (IQR, 25th–75th percentile) and analyzed with Mann-Whitney U test. Qualitative data were summarized by frequency and 
percentage and analyzed using Pearson’s chi-squared test (post-hoc adj. Bonferroni method). *Data were summarized as mean±sd and analyzed by Student’s t-test. 
†Fisher’s exact test.
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of our study was low number of severe cases included to 
our study. We suggest this condition should be evaluat-
ed in more details in studies with higher number of 
severe cases. The decrease in albumin level in some 
chronic diseases and the fact that it is affected by condi-
tions such as malnutrition may limit its use in such 
patients. Due to insufficient data, we could not exclude 
patients with malnutrition in our study. Although, since 
the prognosis of patients with malnutrition would be 
worse after stroke, it may not have adversely affected our 
results.  

The results of study showed that serum CRP-value 
did not correlate with NIHSS. It did only show statisti-
cally significant difference in patients with moderate and 
mild GCS scores, similar to previous studies. In a previ-
ous study, CRP-value at admission was not found to be 
associated with prognosis, while serum CRP-values dur-
ing follow-up were found to be associated with progno-
sis.[12] In another study, it was shown that the serum 
platelet value of the patient may be related to the prog-
nosis in ischemic stroke.[13] In our study, we found that 
mortality rates were correlated with high serum platelet 
levels. Serum MONO and MCV levels were also corre-
lated with mortality. As a result of our findings, we 
thought that CAR, serum albumin, PCT, PLT, MONO 
and MCV levels could be predictors that can be evaluat-
ed while regulating the treatment of patients. We found 
that neutrophil-lymphocyte ratio, HDL-uric acid ratio, 
and lymphocyte-monocyte ratios, which are frequently 

studied in other diseases recently, were not correlated 
with GCS and NIHSS.  

In conclusion, since these parameters are easily acces-
sible and cost-effective, it is important to guide the prog-
nosis and it will be beneficial to studies conducted in 
larger case series.  

Conclusion 
In conclusion, since these parameters are easily accessi-
ble and cost-effective, it is important to guide the prog-
nosis and it will be beneficial to studies conducted in 
larger case series.  
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Table 5  
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