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Prognostic value of inflammation
biomarkers for 30-day mortality in
critically ill patients with stroke

Jun Zhao1†, Jinli Feng1†, Qian Ma1, Chunlin Li2* and Feng Qiu1*

1Senior Department of Neurology, The First Medical Center of PLA General Hospital, Beijing, China,
2Department of Health Medicine, The Eighth Medical Center of PLA General Hospital, Beijing, China

Objective: To explore the values of neutrophil to lymphocyte ratio (NLR), platelet to

lymphocyte ratio (PLR), neutrophil to albumin ratio (NAR), prognostic nutritional index

(PNI), systemic immune inflammatory index (SII) and red cell distribution width to

albumin ratio (RA) for evaluating the risk of 30-day mortality of ischemic stroke or

hemorrhagic stroke patients.

Methods: In this cohort study, the data of 1,601 patients diagnosed with stroke were

extracted from theMedical InformationMart for Intensive Care III (MIMIC-III) database.

Among them, 908 were hemorrhagic stroke patients and 693 were ischemic stroke

patients. Demographic and clinical variables of patients were collected. Univariate and

multivariable Cox regression were performed to evaluate the predictive values of NLR,

PLR, SII, NAR, RA, and PNI for 30-day mortality in hemorrhagic stroke or ischemic

stroke patients. The receiver operator characteristic (ROC) curves were plotted to

assess the predictive values of NLR, NAR, and RA for 30-day mortality of hemorrhagic

stroke patients.

Results: At the end of follow-up, 226 hemorrhagic stroke patients and 216 ischemic

stroke patients died. The elevated NLR level was associated with increased risk of 30-

day mortality in hemorrhagic stroke [hazard ratio (HR)= 1.17, 95% confidence interval

(CI): 1.06–1.29]. The increased NAR level was associated with elevated risk of 30-day

mortality in hemorrhagic stroke (HR = 1.16, 95% CI: 1.02–1.30). The high RA level

was linked with increased risk of 30-day mortality (HR = 1.44, 95% CI: 1.23–1.69). No

significant correlation was observed in these inflammation biomarkers with the risk

of 30-day mortality in ischemic stroke patients. The area under the curves (AUCs) of

NLR, RA, and NAR for evaluating the risk of 30-day mortality of hemorrhagic stroke

patients were 0.552 (95% CI: 0.503–0.601), 0.644 (95% CI: 0.590–0.699) and 0.541

(95% CI: 0.490–0.592).

Conclusion: NLR, NAR, and RA were potential prognostic biomarkers for predicting

30-day mortality of hemorrhagic stroke patients, which might provide clinicians an

easy and cheap way to quickly identify patients with high risk of mortality.

KEYWORDS

inflammation, biomarkers, 30-day mortality, ischemic stroke, hemorrhagic stroke

Introduction

Stroke is a serious disease affecting a quarter of people during their lifetime with high risk

of death and disability (1). Stroke has two main subtypes (ischemic stroke and hemorrhagic

stroke), and they have distinct clinical and epidemiological characteristics (2). Ischemic stroke

and hemorrhagic stroke are accounted for ∼85 and 15% of all stroke cases, respectively (3).

Ischemic stroke is caused by the reduction or interruption of blood flow to the brain while

hemorrhagic stroke is due to the bleeding in or around the brain (4). Ischemic stroke is the

major cause of disability and second cause of deaths globally with a mortality rate of 15% at 90
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days (5, 6). As for hemorrhagic strokes, the mortality rate is 25–

30% in high-income countries and 30%-48% in low- to middle-

income countries (7). Given the prognosis of stroke patients, more

reliable biomarkers were essential to help improve the outcomes of

these patients.

Numerous studies have demonstrated that neuroinflammatory

response plays an essential role in the pathophysiology of ischemic

stroke (8, 9). Inflammation associated biomarkers such as monocyte

and plateletcrit were reported to be associated with the development

of cerebrovascular events including acute ischemic stroke (10,

11). Recently, neutrophil to lymphocyte ratio (NLR), platelet to

lymphocyte ratio (PLR), neutrophil-albumin ratio (NAR), prognostic

nutritional index (PNI), systemic immune inflammatory index (SII)

and red cell distribution width (RDW) to albumin ratio (RA) have

been reported as potential novel biomarkers of baseline inflammatory

process and they were identified to be associated with the mortality

of stroke (12–17). These studies mainly explored the associations

between these inflammation biomarkers and all stroke patients or

ischemic stroke patients. They did not compare the differences

of these inflammation biomarkers with the mortality of different

subtypes of stroke patients. Whether there were differences in

the prognostic values of these inflammation biomarkers between

ischemic stroke and hemorrhagic stroke was unclear. Which

inflammation biomarker was more clearly related to the prognosis

of ischemic stroke or hemorrhagic stroke still needs investigation.

In the present study, we hypothesized that ischemic stroke and

hemorrhagic stroke might have different prognostic inflammation

biomarkers. We planned to explore the prognostic values of NLR,

PLR, NAR, PNI, SII, and RA for 30-day mortality of ischemic

stroke or hemorrhagic stroke patients based on the data from the

Medical Information Mart for Intensive Care III (MIMIC-III) to

verify our hypothesis.

Methods

Study population

In the current cohort study, the data of 3,534 patients diagnosed

with stroke were extracted from MIMIC-III database. MIMIC-III is

a large, free database involving in de-identified health-related data of

over 40,000 patients who stayed in intensive care unit (ICU) of the

Beth Israel Deaconess Medical Center (Boston, USA) between 2001

and 2012 (18). The data analyzed using the first measurement data

within 24 h after admitting to ICU. Patients who aged <18 years,

and those who stayed in ICU <24 h were excluded. Those who had

no data on SII, NAR, systolic blood pressure (SBP), international

normalized ratio (INR), Glasgow coma scale (GCS), or Elixhauser

comorbidity index (ECI), and patients with abnormal follow-up time

were also excluded. Finally, 1,601 patients were included. Among

them, 908 were hemorrhagic stroke patients and 693 were ischemic

stroke patients. The project was approved by the Institutional Review

Boards of Beth Israel Deaconess Medical Center (Boston, MA)

and the Massachusetts Institute of Technology (Cambridge, MA).

Requirement for individual patient consent was waived because

the project did not impact clinical care and all protected health

information was deidentified. As the samples were not from The

Eighth Medical Center of PLA General Hospital, and this study was

exempt from our Institutional Review Board approval.

Main variables

Main variables analyzed in our study included NLR, PLR, NAP,

PNI, SII and RA. NLR (neutrophil to lymphocyte ratio)= neutrophil

count/lymphocytes count. PLR (platelet to lymphocyte ratio) =

platelet count/lymphocytes count. NAR (neutrophil to albumin ratio)

= neutrophil count/albumin. PNI (prognostic nutritional index) =

10× albumin (g/dL)+ 5× lymphocytes count (109/L). SII (systemic

immune inflammatory index) = PLT × neutrophil/lymphocyte. RA

(RDW to albumin ratio)= RDW/albumin (g/dL).

Potential covariables and definition

Potential covariables analyzed in this study included

demographic variables including age (years), gender (female or

male), marital status (married, unmarried or unknown), and race

[White, or others (Asian, Black, Hispanic or Latino, Unknown)],

and clinical variables including respiratory rate (beat/min), SBP

(mmHg), diastolic blood pressure (DBP, mmHg), blood oxygen

saturation (SpO2), red blood count (RBC, m/µL), INR, hemoglobin

(g/dL), hematocrit (%), creatinine (mg/dL), blood urea nitrogen

(BUN, mg/dL), fasting blood-glucose (mg/dL), sodium, potassium,

chloride, bicarbonate (mEq/L), ECI score, GCS Score, acute kidney

failure (AKI, yes or no), infection diseases and treatments.

Infectious diseases was identided from MIMIC-III database

based on the ICD-9 code with the first three digits of 001–009,

010–018, 020–027, 030–042, 045–049, 050–059, 060–066, 070–079,

080–088, 090–099, 100–104, 110–118, 120–129, 130–136, and 137–

139. Treatments of ischemic stroke included intravenous tissue

plasminogen activator (IV-tPA) (ICD-9 procedure code 9910 and

3604), endovascular treatment (ICD-9 procedure code 3974), and

the ICD for stent in the procedure (0045, 0046, 0047, and 0048).

The main treatments for hemorrhagic stroke were surgery including

craniotomy (ICD-9 procedure code: 0120–0129), and minimally

invasive surgery (ICD-9 procedure code 0221, 0222, 0139, 0101, 0102,

and 0109).

Outcome variable

The 30-day mortality of patients was regarded as outcome

in our study. The median follow-up was 30 (21.38, 30.00) days.

The follow-up was ended when patients died within 30 days. The

outcome was obtained through in-hospital observations or through

the Social Security Number of patients. At the end of follow-up, 226

hemorrhagic stroke patients and 216 ischemic stroke patients died.

Statistical analysis

Normally distributed measurement data were described as

mean and standard deviation (Mean ± SD), while non-normally

distributed measurement data were shown as median and quartile

spacing [M (Q1, Q3)]. Mann-whitney U rank-sum test was applied

for comparison between groups. Enumeration data were expressed

as n (%), and χ
2 test was used for comparisons between groups.

Univariate cox models were established for 30-day mortality
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FIGURE 1

The screen process of the participants in the current study.

and hazards ratio (HR) and 95% confidence interval (CI) were

standardized with P < 0.05 as potential covariables. Univariate

and multivariable cox regression were performed to evaluate the

prognostic values of NLR, PLR, SII, NAR, RA, and PNI for 30-

day mortality of hemorrhagic stroke or ischemic stroke patients. To

evaluate the associations between NLR, PLR, SII, NAR, RA, or PNI

and 30-day mortality in hemorrhagic stroke patients, confounding

factors including age, marital status, respiratory rate, hemoglobin,

hematocrit, BUN, fasting blood-glucose, chloride, ECI and AKI were

adjusted in the multivariable cox regression model. To assess the

associations between NLR, PLR, SII, NAR, RA, or PNI and 30-

day mortality in ischemic stroke patients, age, marital status, race,

creatinine, BUN, bicarbonate, potassium, ECI, GCS, and AKI were

adjusted in the multivariable cox regression model. The receiver

operator characteristic (ROC) curves were plotted to evaluate the

diagnostic values of NLR, NAR, and RA for 30-day mortality of

hemorrhagic stroke. R Studio Version 4.0.3 (2020-10-10) and SAS 9.4

(SAS Institute Inc., Cary, USA) were applied for data analysis.

Results

The baseline characteristics of patients with
hemorrhagic stroke or ischemic stroke

In total, 3,534 stroke patients were found in MIMIC-III database,

among them, 241 people who aged <18 years and 397 patients

who stayed in ICU<24 h were excluded. Five hundred and thirty-six

patients had no data on SII and 728 patients had no data on NAR,

and they were excluded. Five patients with abnormal follow-up data

(the day admitted to ICU was after the death day) were excluded.

Patients without data on SBP (n = 4), INR (n = 6), GCS (n = 6) and

ECI (n = 10) were not included. Finally, 1,601 stroke patients were

involved in with 908 hemorrhagic stroke patients and 693 ischemic

stroke patients. The screen process was shown in Figure 1.

As observed in Table 1, the median NLR (8.39 vs. 7.06) and RA

(4.58 vs. 3.97) in the death group were higher than the survival group

in hemorrhagic stroke patients. The median PNI in the death group

was lower than the survival group in hemorrhagic stroke patients

(39.90 vs. 43.17). The median NLR (8.17 vs. 6.82), SII (1.90 vs. 1.58),

NAR (2.93 vs. 2.51) and RA (4.52 vs. 4.26) in the death group were

higher than the survival group in patients with ischemic stroke. The

median PNI in the death group was lower than the survival group in

patients with ischemic stroke (38.64 vs. 41.11).

Potential covariables associated with 30-day
mortality in hemorrhagic or ischemic stroke
patients

Potential covariables with statistical difference in Table 1 was

involved in univariate cox analysis. The results depicted that age

(HR = 1.01, 95% CI: 1.00–1.01), marital status, respiratory rate (HR
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TABLE 1 Baseline characteristics between patients survived and died within 30 days with ischemic stroke or hemorrhagic stroke.

Hemorrhagic stroke Ischemic stroke

Variables Survival group (n = 682) Death group (n = 226) P Survival (n = 477) Death group (n = 216) P

Age, years M (Q1 , Q3) 62.79 (51.52, 74.13) 74.44 (59.17, 81.98) <0.001 68.02 (55.69, 78.13) 77.26 (66.44, 84.51) <0.001

Gender, n (%) 0.733 0.402

Female 314 (46.04) 107 (47.35) 242 (50.73) 117 (54.17)

Male 368 (53.96) 119 (52.65) 235 (49.27) 99 (45.83)

Marital status, n (%) 0.001 0.024

Married 351 (51.47) 106 (46.90) 227 (47.59) 90 (41.67)

Unmarried 289 (42.38) 89 (39.38) 222 (46.54) 101 (46.76)

Unknown 42 (6.16) 31 (13.72) 28 (5.87) 25 (11.57)

Race, n (%) 0.179 0.037

White 482 (70.67) 149 (65.93) 325 (68.13) 164 (75.93)

Others∗ 200 (29.33) 77 (34.07) 152 (31.87) 52 (24.07)

Respiratory rate, Mean± SD 17.65± 4.49 18.56± 5.76 0.031 18.00 (14.00, 22.00) 19.00 (16.00, 24.00) 0.025

SBP, mmHg, Mean± SD 140.26± 25.94 138.92± 28.27 0.512 136.16± 27.82 135.00± 31.68 0.646

DBP, mmHg, Mean± SD 72.17± 17.12 70.16± 19.44 0.165 69.39± 18.28 69.40± 20.70 0.994

SpO2 , Mean± SD 97.93± 4.92 97.63± 5.47 0.476 97.50± 4.80 97.13± 4.00 0.286

RBC, m/ul, Mean± SD 4.33± 0.64 4.12± 0.82 <0.001 4.07± 0.75 3.99± 0.72 0.214

INR, M (Q1 , Q3) 1.10 (1.00, 1.20) 1.20 (1.10, 1.60) <0.001 1.20 (1.10, 1.30) 1.20 (1.10, 1.40) <0.001

Hemoglobin, g/dL, Mean± SD 13.13± 1.89 12.54± 2.31 <0.001 12.22± 2.30 12.01± 2.16 0.258

Hematocrit, percent, Mean± SD 38.38± 5.30 36.95± 6.52 0.003 36.22± 6.35 35.83± 5.98 0.451

Creatinine, mg/dl, M (Q1 , Q3) 0.90 (0.70, 1.10) 1.00 (0.80, 1.30) <0.001 1.00 (0.80, 1.40) 1.20 (0.90, 1.70) <0.001

BUN, mg/dl, M (Q1 , Q3) 16.00 (13.00, 22.00) 20.00 (15.00, 28.00) <0.001 19.00 (14.00, 29.00) 25.00 (16.00, 41.00) <0.001

Fasting blood-glucose, mg/dl, M (Q1 , Q3) 138.00 (116.00, 169.00) 154.50 (126.00, 213.00) <0.001 127.00 (108.00, 167.00) 136.00 (111.00, 170.50) 0.044

Bicarbonate, mEq/L, Mean± SD 24.48± 3.40 24.05± 4.04 0.152 24.38± 4.36 23.35± 4.64 0.005

Sodium, Mean± SD 138.96± 4.14 138.23± 5.05 0.049 139.25± 4.60 138.60± 4.74 0.085

Potassium, Mean± SD 4.07± 0.70 4.13± 0.85 0.343 4.19± 0.80 4.40± 0.92 0.005

Chloride, Mean± SD 103.13± 4.71 101.93± 5.84 0.005 103.79± 5.90 102.93± 5.82 0.075

Bicarbonate, mEq/L, Mean± SD 24.48± 3.40 24.05± 4.04 0.152 24.38± 4.36 23.35± 4.64 0.005

(Continued)
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TABLE 1 (Continued)

Hemorrhagic stroke Ischemic stroke

Variables Survival group (n = 682) Death group (n = 226) P Survival (n = 477) Death group (n = 216) P

Infection diseases, n (%) 0.106 0.446

No 472 (98.95) 210 (97.22) 555 (81.38) 189 (83.63)

Yes 5 (1.05) 6 (2.78) 127 (18.62) 37 (16.37)

IV-tPA, n (%) 0.130 – – –

No 411 (86.16) 195 (90.28) —- –

Yes 66 (13.84) 21 (9.72) – –

Endovascular treatment, n (%) 0.586 – – –

No 455 (95.39) 208 (96.30) – –

Yes 22 (4.61) 8 (3.70) – –

Craniotomy, n (%) – – – 0.137

No – – 644 (94.43) 219 (96.90)

Yes – – 38 (5.57) 7 (3.10)

Minimally invasive surgery, n (%) – – –

No – – 633 (92.82) 208 (92.04)

Yes – 49 (7.18) 18 (7.96)

ECI, M (Q1 , Q3) 6.00 (0.00, 13.00) 9.00 (0.00, 16.00) 0.019 8.00 (4.00, 16.00) 12.00 (6.00, 18.50) <0.001

GCS score, M (Q1 , Q3) 14.00 (11.00, 15.00) 14.00 (7.00, 15.00) 0.304 14.00 (11.00, 15.00) 14.00 (9.00, 15.00) 0.032

AKI, n (%) <0.001 <0.001

No 353 (51.76) 80 (35.40) 191 (40.04) 51 (23.61)

Yes 329 (48.24) 146 (64.60) 286 (59.96) 165 (76.39)

NLR, M (Q1 , Q3) 7.06 (4.01, 11.53) 8.39 (4.41, 13.17) 0.020 6.82 (3.57, 11.54) 8.17 (4.80, 14.31) 0.002

PLR, M (Q1 , Q3) 184.71 (124.64, 268.00) 188.28 (104.73, 316.82) 0.850 182.60 (117.94, 306.12) 211.89 (134.90, 309.61) 0.295

SII, M (Q1 , Q3) 1,712.54 (888.13, 2,750.82) 1,701.81 (676.02, 2,992.99) 0.861 1,577.03 (814.29, 2,812.50) 1,900.55 (891.06, 3,461.58) 0.028

NAR, M (Q1 , Q3) 2.45 (1.66, 3.33) 2.62 (1.72, 4.03) 0.062 2.51 (1.58, 3.77) 2.93 (1.94, 4.18) <0.001

PNI, M (Q1 , Q3) 43.17 (38.39, 48.33) 39.90 (34.10, 46.40) <0.001 41.11 (34.94, 46.45) 38.64 (33.21, 43.19) <0.001

RA, Mean± SD 3.97± 0.87 4.58± 1.31 <0.001 4.26 (3.66, 5.22) 4.52 (3.90, 5.42) 0.003

Lymphocytes, M (Q1 , Q3) 11.80 (7.60, 18.40) 10.00 (6.00, 16.80) 0.003 12.00 (7.20, 19.80) 10.00 (6.00, 15.80) 0.002

Neutrophil,%, Mean± SD 79.02± 13.12 78.97± 16.04 0.964 77.07± 14.47 79.40± 13.63 0.046

(Continued)
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= 1.03, 95% CI: 1.00–1.06), RBC (HR = 0.60, 95% CI: 0.38–0.95),

hemoglobin (HR= 0.74, 95% CI: 0.58–0.95), hematocrit (HR= 0.96,

95% CI: 0.94–0.98), BUN (HR = 1.01, 95% CI: 1.01–1.01), fasting

blood–glucose (HR = 1.00, 95% CI: 1.00–1.01), chloride (HR =

0.96, 95% CI: 0.94–0.99), ECI (HR = 1.02, 95% CI: 1.00–1.03) and

AKI (HR = 1.74, 95% CI: 1.32–2.29) were covariables that might

be associated with 30–day mortality in hemorrhagic stroke patients

(Table 2). Age (HR = 1.00, 95% CI: 1.00–1.01), marital status, race

(HR= 1.39, 95%CI: 1.02–1.91), creatinine (HR= 1.08, 95%CI: 1.00–

1.16), BUN (HR= 1.01, 95% CI: 1.00–1.02), bicarbonate (HR= 0.96,

95% CI: 0.93–0.99), potassium (HR = 1.26, 95% CI: 1.09–1.45), ECI

(HR = 1.03, 95% CI: 1.01–1.04), GCS (HR = 0.93, 95% CI: 0.90–

0.97) and AKI (HR = 1.95, 95% CI: 1.42–2.67) were covariables that

might be associated with 30-day mortality in ischemic stroke patients

(Table 3).

Associations between NLR, PLR, SII, NAR, RA
or PNI and 30-day mortality in hemorrhagic
stroke or ischemic stroke patients

As exhibited in Figure 2, univariate analysis revealed that NLR

(HR = 1.27, 95% CI: 1.16–1.39), SII (HR = 1.16, 95% CI: 1.07–

1.25), NAR (HR = 0.45, 95% CI: 0.32–0.64), RA (HR = 1.23,

95% CI: 1.10–1.39) or PNI (HR = 1.66, 95% CI: 1.46–1.89) might

have associations with 30-day mortality in hemorrhagic stroke

patients. After adjusting for confounders including age, marital

status, respiratory rate, hemoglobin, hematocrit, BUN, fasting blood-

glucose, chloride, ECI and AKI, the elevated NLR level was associated

with increased risk of 30-day mortality in hemorrhagic stroke

(HR = 1.17, 95% CI: 1.06–1.29). The high level of NAR was

associated with elevated risk of 30-day mortality in hemorrhagic

stroke (HR = 1.16, 95% CI: 1.02–1.30). The increased level of

RA was linked with elevated risk of 30-day mortality (HR =

1.44, 95% CI: 1.23–1.69). The higher level of NLR (HR = 1.13,

95% CI: 1.03–1.25), and NAR (HR = 1.18, 95% CI: 1.07–1.32)

might correlate with increased risk of 30-day mortality in ischemic

stroke patients. No significant correlation was observed in these

inflammation biomarkers with the risk of 30-day mortality in

ischemic stroke patients after adjusting for age, marital status, race,

creatinine, BUN, bicarbonate, potassium, ECI, GCS and AKI (all P

> 0.05).

The predictive values of NLR, NAR, or RA for
30-day mortality in hemorrhagic stroke
patients

The C-indexes of NLR, NAR, and RA for evaluating the 30-

day mortality in hemorrhagic stroke patients were 0.54 (95% CI:

0.50–0.58), 0.53 (95% CI: 0.49–0.57), and 0.61 (95% CI: 0.57–

0.65), respectively (Table 4). The AUCs were shown in Figure 3.

The AUC values of NLR, NAR and RA for evaluating the risk

of 30-day mortality for hemorrhagic stroke patients were 0.552

(95% CI: 0.503–0.601), 0.541 (95% CI: 0.490–0.592) and 0.644

(95% CI: 0.590–0.699). Delong test revealed that the AUCs of

NLR and NAR were statistically lower than the AUC of RA(P

< 0.001).
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TABLE 2 Potential covariables associated with 30-day mortality in

hemorrhagic stroke patients.

Variables HR (95% CI) P

Age 1.01 (1.00-1.01) <0.001

Marital status

Married Ref

Unknown 2.10 (1.41–3.13) <0.001

Unmarried 1.01 (0.76–1.33) 0.961

Respiratory rate 1.03 (1.00–1.06) 0.030

RBC 0.60 (0.38–0.95) 0.028

INR 1.04 (1.00–1.09) 0.075

Hemoglobin 0.74 (0.58–0.95) 0.016

Hematocrit 0.96 (0.94–0.98) <0.001

Creatinine 1.02 (0.98–1.07) 0.293

BUN 1.01 (1.01–1.01) <0.001

Fasting blood-glucose 1.00 (1.00–1.01) <0.001

Sodium 0.97 (0.94–1.00) 0.068

Chloride 0.96 (0.94–0.99) 0.002

ECI 1.02 (1.00–1.03) 0.016

AKI 1.74 (1.32–2.29) <0.001

Infectious disease

No Ref

Yes 0.86 (0.61–1.23) 0.41

Craniotomy

No Ref

Yes 0.58 (0.27–1.23) 0.153

Minimally invasive surgery

No Ref

Yes 1.12 (0.69–1.81) 0.649

HR, hazard ratio; CI, confidence interval; RBC, red blood count; INR, international normalized

ratio; BUN, blood urea nitrogen; ECI, Elixhauser comorbidity index; AKI, acute kidney failure;

IV-tPA, intravenous tissue plasminogen activator.

Discussion

In this study, the prognostic values of NLR, PLR, NAR, PNI,

SII, and RA for 30-day mortality of ischemic stroke or hemorrhagic

stroke patients were investigated based on the data form MIMIC-

III database. The results unveiled that high levels of NLR, NAR

and RA were linked with increased risk of 30-day mortality in

hemorrhagic stroke patients. The AUC values of NLR, NAR, and RA

for diagnosing the risk of 30-day mortality in hemorrhagic stroke

were 0.552, 0.541, and 0.644. respectively. The findings suggested the

values of monitoring the levels of inflammation biomarkers for timely

identifying hemorrhagic stroke patients with high risk of mortality

within 30 days and provide appropriate interventions to improve

their outcomes.

Inflammation is one of the most important pathophysiological

mechanisms of stroke and the inflammatory response is activated

after stroke, which serves a vital part in secondary brain injury in

TABLE 3 Potential covariables associated with 30-day mortality in ischemic

stroke patients.

Variables HR (95% CI) P

Age 1.00 (1.00-1.01) <0.001

Marital status

Married Ref

Unknown 1.86 (1.20–2.91) 0.006

Unmarried 1.12 (0.84–1.49) 0.437

Race 1.39 (1.02–1.91) 0.037

Respiratory rate 1.01 (1.00–1.03) 0.076

INR 1.03 (0.94–1.13) 0.480

Creatinine 1.08 (1.00–1.16) 0.036

BUN 1.01 (1.00–1.02) <0.001

Fasting blood-glucose 1.00 (1.00–1.00) 0.078

Bicarbonate 0.96 (0.93–0.99) 0.004

Potassium 1.26 (1.09–1.45) 0.001

ECI 1.03 (1.01–1.04) <0.001

GCS 0.93 (0.90–0.97) <0.001

AKI 1.95 (1.42–2.67) <0.001

Infectious disease

No Ref

Yes 2.16 (0.96–4.86) 0.063

IV-tPA

No Ref

Yes 0.74 (0.47–1.15) 0.181

Endovascular treatment

No Ref

Yes 0.86 (0.42–1.73) 0.664

HR, hazard ratio; CI, confidence interval, INR, international normalized ratio, BUN, blood

urea nitrogen, ECI, Elixhauser comorbidity index, GCS, Glasgow coma scale, AKI, acute kidney

failure, IV-tPA, intravenous tissue plasminogen activator.

patients (19). Recently, increasing studies have reported the essential

role of immunity in predicting the prognosis and treating patients

with acute stroke (20). Immunity is a complex process, and the

activation and immunosuppression of different inflammatory cells

are induced during the process (21). Neutrophils and lymphocytes

are two important inflammatory cells, which were reported to have

different roles of in the prognosis after stroke (22, 23). NLR is the

ratio of neutrophil to lymphocyte, which can be calculated both

from the absolute number of neutrophils and lymphocytes, and

from their relative number (24). Previously, a high NLR level was

found to associate with poor functional outcomes and increased

mortality in patients with spontaneous intracerebral hemorrhage

(ICH) (25, 26). These studies provided support to the findings of

our study, which depicted that increased NLR was linked with

higher risk of 30-day mortality of hemorrhagic stroke patients. NAR

is the ratio of neutrophil to albumin, which has become a novel

index reflecting systemic inflammation and predicting outcomes
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FIGURE 2

Forest plot showing the associations between NLR, PLR, SII, NAR, RA or PNI and 30-day mortality in hemorrhagic stroke or ischemic stroke patients.

TABLE 4 The C-index of NLR, NAR, and RA for evaluating the risk of 30-day

mortality of hemorrhagic stroke patients.

C-index (95% CI)

NLR 0.54 (0.50–0.58)

RA 0.61 (0.57–0.65)

NAR 0.53 (0.49–0.57)

CI, confidence interval; RA, red cell distribution width to albumin ratio; NAR, neutrophil to

albumin ratio; NLR, neutrophil to lymphocyte ratio.

of patients in diseases (27). Albumin is an abundant protein in

human blood plasma which has osmoregulation, anti-oxidation

and anti-inflammation functions (28). A low albumin level was

associated with increased mortality risk in hospitalized patients (29).

Li et al. found that low serum albumin levels were associated with

increased risk of total stroke, ischemic stroke, and ICH (30). In

our study, a high level of NAR was correlated to increased risk

of 30-day mortality of hemorrhagic stroke patients. RA is another

inflammation biomarker derived from the ratio of RDW to albumin,

which was reported to be associated with mortality of stroke (17).

RDW is a hematologic parameter showing the divergence of red

blood cell volume (31). In previous studies, RDW was identified to

closely associate with prognosis of cardiovascular events (32, 33).

Some other studies revealed that RA might be correlated with

hemorrhagic transformation in acute ischemic stroke patients (34).

Herein, elevated RA level was associated with higher risk of 30-day

mortality of hemorrhagic stroke patients.

The mechanisms underlying the association between NLR,

NAR, and RA with 30-day mortality in hemorrhagic stroke

FIGURE 3

ROC curves presenting the values of NLR, NAR and RA for evaluating

the risk of 30-day mortality in hemorrhagic stroke.

patients might be the follows. In hemorrhagic stroke patients,

the increased number of neutrophils and decreased number

of lymphocytes could induce a cytokine-chemokine storm and,

ultimately, lead to more complications (35). Increased neutrophils
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can release chemical mediators related to increased tissue damage

and poor neurological prognosis in stroke patients (36). Lymphocytes

were reported to play a brain protective role and the decrease

of lymphocytes may lead to deterioration of nerve function

(37). Albumin was found to exert an anticoagulant role and

inhibitory effect on platelet function by binding antithrombin

(38–40), which might aggravate the development of hemorrhagic

stroke. In our study, we found that NLR, NAR and RA had

potential prognostic values for 30-day mortality in hemorrhagic

stroke patients. Previously, ICH score was reported to be a

reliable clinical grading scale that allows risk stratification for

patients with ICH (41). ICH score includes a basic neurological

examination (GCS), a baseline patient characteristic (age), and initial

neuroimaging (ICH volume, IVH, infratentorial/supratentorial

origin), and compared with ICH score, NLR, NAR and RA are

easily available and inexpensive markers that can be routinely

detected in clinic. Application of these prognostic biomarkers

may help clinicians enhance risk stratification, design individual

treatments, and determine follow-up schedules for hemorrhagic

stroke patients, which might further improve the outcomes of

those patients.

There was evidence indicating that NLR, PLR, or NAR

might associate with 30-day mortality of ischemic stroke patients

in previous studies (42–44). The mechanisms underlying the

findings might be related to the different roles of neutrophils and

lymphocytes in the pathophysiologic development of atherosclerosis

(45). Neutrophils are found to accumulate in cerebral vessels

shortly after stroke and may result in infarctions extension and

inhibit microvascular perfusion (46). PNI reflects nutritional status

of patients, and previous studies revealed that malnutrition was

associated with increased mortality in older Chinese adults with

ischemic stroke (47). In our study, no significant association between

NLR, PLR, NAR, PNI, SII or RA with 30-day mortality was found

in ischemic stroke patients, this might because some other variables

related to 30-day mortality of ischemic stroke patients were not

included. The association between NAR and 30-day mortality of

ischemic stroke patients showed a P-value of 0.055, this suggested

that there might be association between NAR and 30-day mortality

of ischemic stroke patients.

The strength in our study was that we focused on the prognostic

values of LR, PLR, NAR, PNI, SII, and RA for 30-day mortality of

different subtypes of stroke including ischemic stroke or hemorrhagic

stroke. The finding might help identify potential reliable biomarkers

in predicting those with high risk of 30-day mortality of different

subtypes of stroke. There were several limitations in the current

study. Firstly, this was a retrospective study from single-center, recall

bias might exist. Secondly, due to the limitation of the database, some

variables including the site or size of the hemorrhage or ischaemic

stroke were unavailable, which might affect the results of our study.

Thirdly, we analyzed the baseline data of inflammation biomarkers

in ICU, and in the future, dynamic changes of the inflammation

biomarkers during ICU stay will be analyzed to verify the results of

our study. We will also conduct a study based on the samples from

our hospital, and more important variables will be included.

Conclusion

This study evaluated the predicitive values of NLR, PLR,

NAR, PNI, SII, and RA for 30-day mortality of ischemic stroke

or hemorrhagic stroke patients. We found that NLR, NAR

and RA were potential prognostic biomarkers for predicting

30-day mortality in hemorrhagic stroke patients, which might

help clinicians enhance risk stratification, design individual

treatments, and determine follow-up schedules for hemorrhagic

stroke patients.
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