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Background and Aims: Systemic inflammation is associated with an increased
risk of cognitive impairment and dementia, but the associations between them in
stroke patients are less clear. We examined the impact of systemic inflammation
represented as the neutrophil-lymphocyte ratio (NLR) on the development of post-stroke
cognitive impairment (PSCI) and domain-specific cognitive outcomes 3-month after
ischemic stroke.

Methods: Using prospective stroke registry data, we consecutively enrolled 345
participants with ischemic stroke whose cognitive functions were evaluated 3-month after
stroke. Their cognition was assessed with the Korean version of the Vascular Cognitive
Impairment Harmonization Standards and the Korean-Mini Mental Status Examination.
PSCI was defined as a z-score of <-2 standard deviations for age, sex, and education
adjusted means in at least one cognitive domain. The participants were categorized into
five groups according to the quintiles of NLR (lowest NLR, Q1). The cross-sectional
association between NLR and PSCI was assessed using multiple logistic regression,
adjusting for age, sex, education, vascular risk factors, and stroke type.

Results: A total of 345 patients were enrolled. The mean age was 63.0 years and the
median NIHSS score and NLR were 2 [1-4] and 2.26 [1.65-2.91], respectively. PSCI
was identified in 71 (20.6%) patients. NLR was a significant predictor for PSCI both
as a continuous variable (adjusted OR, 1.14; 95% CI, 1.00-1.31) and as a categorical
variable (Q5, adjusted OR, 3.26; 95% Cl, 1.17-9.08). Patients in the Q5 group (NLR >
3.80) showed significantly worse performance in global cognition and in visuospatial and
memory domains.
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NLR and Post-stroke Cognitive Impairment

Conclusions: NLR in the acute stage of ischemic stroke was independently associated
with PSCI at 3 months after stroke, and high NLR was specifically associated
with cognitive dysfunction in the memory and visuospatial domains. Thus, systemic
inflammation may be a modifiable risk factor that may influence cognitive outcomes

after stroke.

Keywords: neutrophil, lymphocyte, inflammation, stroke, cognitive impaiment

INTRODUCTION

Post-stroke cognitive impairment (PSCI) is a major burden
faced by approximately one-third of all stroke survivors (1).
As a potentially modifiable risk factor, systemic inflammation
has been implicated as an important aspect of cognitive
impairment after stroke (2, 3). Systemic inflammation may
induce a pro-inflammatory environment in the central nervous
system prior to the occurrence of ischemic stroke, which
can potentially aggravate the deleterious molecular cascades
after stroke (4). Inflammatory markers are implicated in the
pathophysiology of Alzheimer’s disease (5) and ischemic stroke,
(6) but limited data are available on their association with post-
stroke cognitive impairment.

The neutrophil-lymphocyte ratio (NLR) is a convenient
and readily available parameter of systemic inflammation.
High NLR is associated with the prevalence of intracranial
atherosclerosis in the neurologically healthy population in a
dose-dependent manner (7). NLR of 2.5 and above has also been
shown to significantly increase the risk of cerebrovascular and
cardiovascular diseases (8). Moreover, NLR higher than 5.0 on
admission is an independent factor that increases the risk of
hemorrhagic transformation, unfavorable functional outcomes,
and mortality after ischemic stroke (9).

In the acute stroke phase, circulating neutrophils are recruited
to ischemic lesions and induce destructive cascades, including
the production of reactive oxygen species, proteases, and
pro-inflammatory cytokines. However, the lymphocyte count
relatively decreases in response to stress-induced corticosteroids
(10). Therefore, serum NLR may well represent the inflammatory
status of the central nervous system in acute ischemic stroke.
Nevertheless, previous studies regarding systemic inflammation
and PSCI have focused mostly on inflammatory markers such
as erythrocyte sedimentation rate (ESR), (2) C-reactive protein
(CRP), and interleukins (ILs) (11). However, it is unclear whether
NLR is associated with PSCI.

We hypothesized that acute ischemic stroke patients with
increased inflammation may be more prone to developing
cognitive impairment after ischemic stroke. Thus, we aimed
to determine the association between NLR and 3-month
cognitive outcomes after acute ischemic stroke using a detailed
neuropsychological test battery.

METHODS
Study Design and Population

This study is a retrospectively conducted observational, cross-
sectional study based on a prospective stroke registry. At the time

of admission, written informed consent was obtained from all
patients or their legal representative to use clinical data in the
prospective stroke registry (12). The Institutional Review Board
of Hallym University Sacred Heart Hospital has approved this
study and exempted the acquisition of additional consent because
of its retrospective nature and minimal risk to participants
(IRB No0.2021-02-010).

Neuropsychological tests were conducted in patients enrolled
in the stroke registry who complained of subjective cognitive
decline 3 months after stroke onset or at high risk for post-
stroke cognitive impairment at the discretion of the attending
physician (13). The inclusion criteria for this study were as
follows: (i) consecutive patients diagnosed with acute ischemic
stroke at the tertiary university hospital from April 2010 to
September 2015, (ii) a relevant ischemic lesion observed on
diffusion-weighted imaging, (iii) admission within 7 days of
symptom onset, and (iv) available data on neuropsychological
test results 3 months after stroke onset. Participants with pre-
stroke dementia (i.e., those previously diagnosed with dementia
or prescribed anticholinesterase inhibitors or memantine) or a
premorbid modified Rankin scale score of >2 were excluded
from this study. Furthermore, patients who had hearing
difficulty, poor cooperation, or neurological deficits such as
severe aphasia or motor weakness to a degree that would preclude
neuropsychological testing, were excluded.

Clinical Variables

We reviewed baseline demographic factors, including age, sex,
and education level. We also evaluated vascular risk factors
including hypertension, diabetes mellitus, dyslipidemia, atrial
fibrillation, smoking status, and previous history of stroke.
Clinical factors, including initial stroke severity and stroke
subtype, were also assessed. Initial stroke severity was assessed
using the National Institutes of Health Stroke Scale (NIHSS)
score, and stroke subtypes were classified according to the Trial
of Org 10172 in Acute Stroke Treatment (TOAST) classification
(14). Blood samples for complete blood count were collected
in calcium EDTA tubes on arrival at the emergency room and
centrifuged (2000 rpm for 20 min at 4°C). Then, the complete
blood cell counts were analyzed using an auto-analyzer (XN-
3000, Sysmex, Kobe, Japan). The NLR was calculated by dividing
the relative neutrophil percentage by the relative lymphocyte
percentage (15).

All participants performed brain magnetic resonance imaging,
performed using a 3T whole-body magnetic resonance imaging
system. The location and number of acute ischemic stroke
lesions were assessed and quantified using diffusion-weighted
images. Stroke lesions were subdivided as follows: (i) cortical vs.
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subcortical only, (ii) left vs. right vs. both, and (iii) single vs.
multiple (16).

Neuropsychological Evaluations

Participants completed a 60-min neuropsychological test using
the Korean version of the Vascular Cognitive Impairment
Harmonization Standards-Neuropsychological Protocol
(K-VCIHS-NP) at 3 months after stroke onset (17). The
K-VCIHS-NP evaluates four major cognitive domains—
executive/activation, language, visuospatial, and memory
functions (18). The executive/activation domain was evaluated
using the Korean version of the controlled oral word association
test, semantic fluency (animal naming), (19) digit symbol
coding, (20) and the Korean version of the trail-making test
for elderly patients (21). Tools for other cognitive domains
included the Seoul verbal learning test for memory domain, the
Korean version of the Boston naming test: short form A for
language domain, (22) and the Rey complex figure test copy
score for visuospatial domain (23). We also used the Korean
version of the Mini-Mental State Examination (K-MMSE) to
evaluate general cognitive function (24). All cognitive tests in the
K-VCIHS-NP were standardized and validated for use in South
Korea, (17) and scores of each cognitive test were transformed
to z-scores with adjustment for age, sex, and education level
(i.e., normalized scores) for analysis. Domain-specific z-scores
of all four major cognitive domains were also assessed. The
participants’ premorbid cognitive status was assessed with a
structured proxy questionnaire using the Korean version of the
Informed Questionnaire on Cognitive Decline in the Elderly
(IQCODE). Those with IQCODE score over 3.6 were considered
to have premorbid cognitive decline (25). The primary outcome
was the occurrence of PSCI, which was defined as a z-score of
<-2 standard deviations in at least one cognitive domain (26).

Statistical Analysis

Continuous variables are presented as means =+ standard
deviation or medians with an interquartile range as appropriate,
and categorical variables are presented as frequencies. Baseline
demographic and clinical characteristics between the no
cognitive impairment group and the PSCI group were
compared using Student’s t-test or the Mann-Whitney U-
test for continuous variables and the chi-squared test or Fisher’s
exact test for categorical variables as appropriate. Clinical
characteristics among quintiles of NLR were compared using
analysis of variance, the Kruskal-Wallis test, or the chi-square
test, as appropriate.

Univariable and multivariable logistic regression analyses
were performed to investigate the association between NLR
and PSCI. Multivariable models were adjusted for variables
with a p < 0.1 in the univariate analysis and the prespecified
variables demographic characteristics (age, sex, and education
level), stroke characteristics including initial stroke severity
(NIHSS), stroke subtype (TOAST), and lesion characteristics.
An association was indicated as the odds ratio or adjusted odds
ratio (aOR) with the 95% confidence interval (CI). Analysis
of covariance was conducted to compare the z-scores of each
domain and global cognitive functions among quintiles of NLR,

adjusting for age, sex, education level, and initial stroke severity
(NIHSS). All statistical analyses were conducted using SPSS
version 26 (SPSS, Inc., Chicago, IL, USA) and R (version 4.0.3; R
Foundation for Statistical Computing); two-tailed p < 0.05 were
considered statistically significant.

RESULTS

Among 2,029 patients included in the inclusion criteria (i) to
(iii), 355 patients had available data on the K-VCIHS-NP 3
months after stroke onset (Figure 1). Of these 355 subjects, ten
patients were excluded because of pre-stroke history of dementia.
Thus, a total of 345 participants who met the eligibility criteria
were included in this study. The differences between those
included and excluded in this study are demonstrated in the
Supplementary Table 1. The mean age was 63.0 years (standard
deviation, 12.0 years), and the average interval between stroke
onset and performance of a neuropsychological test using the K-
VCIHS-NP was 103.4 days (standard deviation, 14.6 days). The
median initial NIHSS score and NLR were 2 (interquartile
range, 1-4) and 226 (interquartile range, 1.65-2.91),

Acute ischemic stroke patients
prospectively registered
between April 2010 and

September 2015, n=2,029

l

Relevant ischemic lesion
observed on diffusion weighted
imaging, n=1,980

l

Admitted within 7 days of
stroke onset,
n=1,942

Excluded: Did not perform
3-month K-VCIHS-NP,
n=1,587

Available data on
K-VCIHS-NP results
3-month after stroke onset,
n=355

Excluded: Previous history of
all-cause dementia, n=10

Included in the analysis,
n=345

FIGURE 1 | The study flowchart.
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TABLE 1 | Baseline characteristics according to the presence of post-stroke
cognitive impairment.

NCI (n = 274) PSCI (n =71) P-value

NLR 27 +1.7 39+3.0 0.002
Age, mean + SD 62.0 +12.0 66.7 + 11.2 0.003
Sex, male, N (%) 184 (67.2%) 38 (563.5%) 0.046
Education years, median [IQR] 12.0 [6.0;14.0] 9.0 [6.0;12.0] 0.231
Hypertension, N (%) 151 (565.1%) 46 (64.8%) 0.182
Diabetes mellitus, N (%) 63 (23.0%) 23 (32.4%) 0.139
Hyperlipidemia, N (%) 63 (23.0%) 8(11.3%) 0.044
Smoking history, N (%) 124 (45.3%) 33 (46.5%) 0.96
Atrial fibrillation, N (%) 6 (2.2%) 4 (5.6%) 0.252
Coronary artery disease, N (%) 14 (5.1%) 5 (7.0%) 0.731
IQCODE >3.6 (N, %) 21 (7.7%) 8(11.2%) 0.645
Initial NIHSS, median [IQR] 2.0[1.0; 3.0] 3.0[1.5;7.5] 0.001
Initial stroke volume (mL), 64.13 £ 169.64 46.17 £105.15 0.274
mean + SD
Initial FBS, mean + SD 139.9 +£61.3 163.3 £ 69.3 0.006
Stroke subtype (TOAST) 0.003

LAA, N (%) 92 (33.8%) 36 (51.4%)

SVO, N (%) 142 (52.2%) 20 (28.6%)

CE, N (%) 12 (4.4%) 8 (11.4%)

OD, N (%) 6 (2.2%) 1(1.4%)

Ub, N (%) 20 (7.4%) 5 (7.1%)
Subcortical lesion, N (%) 51 (18.6%) 11 (15.5%) 0.662
Left hemispheric lesion, N (%) 75 (27.4%) 28 (39.4%) 0.067
Multiple lesions, N (%) 13 (4.7%) 5 (7.0%) 0.634

NCI, No cognitive impairment; PSCI, Post-Stroke Cognitive Impairment; NLR, neutrophil-
lymphocyte ratio; SD, standard deviation; IQR, interquartile range; IQCODE, Informed
Questionnaire on Cognitive Decline in the Elderly; NIHSS, National Institute of Health
Stroke Scale; FBS, fasting blood glucose; TOAST, Trial of. Org 10172 in Acute
Stroke Treatment; LAA, Large artery atherosclerosis; SVO, Small vessel occlusion; CE,
cardioembolism; OD, other determined; UD, Undetermined.

respectively. In total, 71 (20.6%) developed PSCI 3 months after
ischemic stroke.

The baseline characteristics of the no cognitive impairment
and PSCI groups are shown in Table 1. The PSCI group was older
and had more women than the no cognitive impairment group.
The PSCI group also had a lower frequency of hyperlipidemia,
a higher level of fasting blood glucose, higher NIHSS scores on
admission, and a higher frequency of large artery atherosclerosis
than the no cognitive impairment group. The premorbid
cognitive status was not different between the two groups
according to the IQCODE scores. The PSCI group had a
significantly higher NLR than the no cognitive impairment group
(3.9 £ 3.0 vs. 2.7 £ 1.7; p = 0.002; Table 1, Figure 2). The
comparison of all neuropsychological test results included in the
K-VCIHS-NP between NCI and PSCI groups are demonstrated
in the Supplementary Table 2. When we stratified the NLR into
quintile groups (Q1-Q5), the Q5 group had a higher proportion
of large artery atherosclerosis subtype and received thrombolytic
therapy more frequently than the other groups. The Q5 group
also had the highest frequency of PSCI development (Table 2).

204
15
10
= .
|
z
5
0.
NCI PSCI
Post-Stroke Cognitive Status
FIGURE 2 | The violin plots demonstrating the differences in the distribution of
the NLR levels between NCI and PSCI groups. NLR, Neutrophil-Lymphocyte
Ratio; NCI, No Cognitive Impairment; PSCI, Post-Stroke Cognitive Impairment.

In multiple logistic regression analyses, NLR (aOR, 1.14;
95% CI, 1.00-1.31; Table3) was a significant predictor for
PSCI, after adjusting for age, sex, education level, initial stroke
severity, fasting blood sugar level, history of hyperlipidemia,
TOAST classification, and presence of left hemispheric lesion.
Age (aOR, 1.04; 95% CI, 1.01-1.07), female sex (aOR, 2.27;
95% CI, 1.09-4.73), initial NIHSS score (aOR, 1.08; 95%
CIL, 1.01-1.16), fasting blood glucose level (aOR, 1.01; 95%
CIL, 1.00-1.01), hyperlipidemia (aOR, 0.25; 95% CI, 0.10-
0.62), large artery atherosclerosis (aOR, 2.59; 95% CI, 1.29-
5.21; reference, small vessel occlusion), and left hemispheric
lesion (aOR, 1.98; 95% CI, 1.06-3.69) were also significantly
associated with PSCI. After conducting additional analysis
with quintiles of NLR, the highest quintile (Q5, NLR > 3.8;
aOR, 3.26; 95% CI, 1.17-9.08; Table 4) was also significantly
associated with an almost 3-fold increased risk of PSCI compared
to the Q1 group after adjusting for covariates used in the
main analysis.

We compared global cognitive functions and all four major
cognitive domains among the quintile groups of NLR using
analysis of covariance. At 3 months after stroke onset, the z-
scores of the K-MMSE were significantly different between the
quintile groups after adjusting for age, sex, education level, and
initial NTHSS scores (p = 0.031). Multiple comparison analysis
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TABLE 2 | Baseline characteristics according to the quintile of NLR.

Q1 Q2 Q3 Q4 Q5 P-value
(=<1.57) (1.58-2.01) (2.02-2.55) (2.56-3.79) (>3.80)
N =69 N =69 N =69 N =69 N =69
PSCI, N (%) 10 (14.5%) 10 (14.5%) 14 (20.3%) 12 (17.4%) 25 (36.2%) 0.008
Age, mean + SD 60.9 +12.1 629+ 13.4 62.0+£10.8 64.9+12.0 64.3+11.4 0.053
Sex, male, N (%) 38 (55.1%) 41 (59.4%) 48 (69.6%) 48 (69.6%) 47 (68.1%) 0.250
Education, median [IQR] 12.0[4.0;13.0] 12.0[6.0;14.0] 9.0[6.0;14.0] 9.0[6.0;12.0] 9.0[6.0;12.0] 0.673
Hypertension, N (%) 35 (50.7%) 37 (53.6%) 34 (49.3%) 42 (60.9%) 49 (71.0%) 0.060
Diabetes meliitus, N (%) 6 (23.2%) 6 (23.2%) 0 (29.0%) 2 (17.4%) 2 (31.9%) 0.319
Hyperlipidemia, N (%) 4 (20.3%) 4 (20.3%) 3(18.8%) 3(18.8%) 7 (24.6%) 0.916
Smoking history, N (%) 4 (49.3%) 33 (47.8%) 34 (49.3%) 28 (40.6%) 8 (40.6%) 0.682
Atrial fibrillation, N (%) (O 0%) 4 (5.8%) 1(1.4%) 1(1.4%) 4 (5.8%) 0.125
Coronary artery disease, N (%) 1(1.4%) 4 (5.8%) (8.7%) 2 (8.7%) 6 (8.7%) 0.215
Stroke subtype 0.001
LAA, N (%) 20 (29.0%) 19 (27.9%) 29 (42.0%) 3 (33.3%) 37 (65.2%)
SVO, N (%) 42 (60.9%) 43 (63.2%) 32 (46.4%) 32 (46.4%) 13 (19.4%)
CE, N (%) 2 (2.9%) 2 (2.9%) 4 (5.8%) 5(7.2%) 7 (10.4%)
OD, N (%) 1(1.4%) 0(0.0%) 2 (2.9%) 1(1.4%) 3 (4.5%)
Ub, N (%) 4 (5.8%) 4 (5.9%) 2 (2.9%) 8 (11.6%) 7 (10.4%)
Initial NIHSS, median [IQR] 2.0[1.0; 3.0] 1.0 [1.0; 3.0 2.0[1.0; 4.0] 2.0[1.0; 5.0] 3.0[2.0; 10.0] 0.001
Initial Stroke Volume (mL), mean + SD 50.24 + 80.88 65.05 + 128.28 93.22 + 287.30 61.96 + 124.93 30.98 + 54.51 0.492
Subcortical lesion, N (%) 9 (13.0%) 15 (21.7%) 15 (21.7%) 10 (14.5%) 13 (18.8%) 0.547
Left hemispheric lesion, N (%) 25 (36.2%) 15 (21.7%) 18 (26.1%) 26 (37.7%) 19 (27.5%) 0.187
Multiple lesion, N (%) 5(7.2%) 2 (2.9%) 4 (5.8%) 3 (4.3%) 4 (5.8%) 0.822

NCI, No cognitive impairment; PSCI, Post-Stroke Cognitive Impairment; NLR, neutrophil-lymphocyte ratio; SD, standard deviation; IQR, interquartile range; IQCODE, Informed
Questionnaire on Cognitive Decline in the Elderly; NIHSS, National Institute of Health Stroke Scale; FBS, fasting blood glucose; TOAST, Trial of. Org 10172 in Acute Stroke Treatment;
LAA, Large artery atherosclerosis; SVO, Small vessel occlusion; CE, cardioembolism; OD, other determined; UD, Undetermined.

TABLE 3 | Multivariable analysis for possible predictors of PSCI.

Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value’

NLR 1.26 (1.12-1.41) <0.001 1.14 (1.00-1.31) 0.047
Age 1.03 (1.01-1.06) 0.004 1.04 (1.01-1.07) 0.015
Female sex 1.78 (1.04-3.02) 0.034 2.27 (1.09-4.73) 0.029
Education 0.97 (0.92-1.02) 0.231 1.04 (0.97-1.12) 0.263
Initial NIHSS 1.12 (1.06-1.19) <0.001 1.08 (1.01-1.16) 0.034
Initial FBS 1.01 (1.00-1.01) 0.007 1.01 (1.00-1.01) 0.018
Hyperlipidemia 0.43 (0.19-0.93) 0.033 0.25 (0.10-0.62) 0.003
TOAST
(reference SVO)

LAA 2.78 (1.52-5.09) <0.001 2.63(1.31-5.2)8 0.006

CE 4.73 (1.72-12.99) 0.001 2.18 (0.68-7.01) 0.192

oD 1.18(0.14-10.34) 0.879 2.22 (0.23-21.83) 0.494

ub 1.77 (0.6-5.26) 0.300 2.28 (0.67-7.72) 0.185
Left hemispheric 1.73 (1.00-2.98) 0.049 1.98 (1.06-3.69) 0.031

*Adjusted for NLR, age, sex, hyperlipidemia, years of education, initial NIHSS, fasting blood glucose, stroke subtype (TOAST), and left hemispheric lesion.

showed that the Q5 group had the lowest K-MMSE z-scores.

The z-scores of visuospatial (p = 0.037) and memory function
(p = 0.049) also differed significantly between the groups. The
Q5 group had the lowest z-score of the visuospatial and memory

domains (Table 5).

DISCUSSION

In the current study, we demonstrated that NLR on admission
in an acute stroke setting was independently associated with
an increased risk of developing PSCI. In addition, the highest
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TABLE 4 | Multivariable analysis for PSCI according to the quintiles of NLR.

NLR Crude OR (95% CI) P-value Adjusted OR (95% Cl) P-value’
Q1 (<1.57) Ref Ref
Q2 (1.58-2.01) 1.00 (0.88-1.14) 0.999 1.32 (0.45-3.88) 0.618
Q3 (2.02-2.55) 1.06 (0.93-1.21) 0.394 1.58 (0.55-4.27) 0.415
Q4 (2.56-3.79) 1.03 (0.90-1.18) 0.670 1.23 (0.44-3.41) 0.693
Q5 (>3.80) 1.24 (1.09-1.42) 0.002 3.26 (1.17-9.08) 0.024
*Adjusted for age, sex, hyperlipidemia, years of education, initial NIHSS, fasting blood glucose, stroke subtype (TOAST), and left hemispheric lesion.
TABLE 5 | Comparison of Z scores of cognitive tests according to the quintiles of NLR.

Qi Q2 Q3 Q4 Q5 P-values*

(<1.57) (1.58-2.01) (2.02-2.55) (2.56-3.79) (>3.80)

K-MMSE —09+21 -08+ 16 -07+14 —09+21 —-1.5+22 0.031
Frontal —-1.0+14 -09+1.2 —-11+16 —-09+1.6 —1.4+17 0.1138
Visuospatial -08+1.2 —1.2+241 —-12+18 —-12+23 —-1.5+17 0.037
Memory —-08+1.3 -08+1.2 -09+1.0 —-11+15 —-12+14 0.049
Language —-02+09 —-00+1.0 -0.1+1.0 -02+12 -03+14 0.501

*Adjusted for age, sex, years of education, and initial NIHSS.
K-MMSE, Korean Mini-Mental Status Examination.

quintile (NLR > 3.80) was associated with a 3.26-fold increased
risk of PSCI. In ANCOVA analysis, the highest NLR group was
associated with global cognitive dysfunction and domain-specific
dysfunction in the memory and visuospatial domains.

The findings of this study suggest that an excessive response
of the systemic immune system may play a role in the
pathomechanisms of PSCI. NLR is a surrogate marker of
acute systemic/local inflammation in cardiovascular disorders,
including ischemic stroke (10). When an ischemic stroke
occurs, the initial inflammatory response cells are recruited
to the ischemic area. Among them, neutrophils induce pro-
inflammatory mediators, including IL-6, tumor necrosis factor-
alpha, and matrix-metalloproteinase-9, and produce reactive
oxygen species. This inflammatory cascade leads to disruption of
the blood-brain barrier and basal laminar collagen, which may
eventually result in an increase in infarct size or development
of hemorrhagic transformation (10, 27). In contrast, the
neuroprotective subtypes of lymphocytes are decreased in
response to stress-induced corticosteroids, leading to poor
outcomes after ischemic stroke (28, 29). As a combination of
the above two distinct inflammatory markers, NLR is considered
as a comprehensive marker of systemic inflammation in acute
ischemic stroke patients. Increasing evidence suggests that NLR
is an independent predictor of poor prognosis, early neurological
deterioration, and mortality after ischemic stroke (9, 30, 31). In
general population, the normal range of NLR has been suggested
to be between 0.78 and 3.53 (32). The median value of NLR in our
study cohort was 2.26 (IQR, 1.65-2.91) and those who developed
PSCI had higher NLR compared to the normal cognition group
(3.90 vs. 2.70, p = 0.002). As our secondary analysis revealed
that those with NLR higher than 3.80(Q5) were significantly
associated with the development of PSCI, NLR > 3.80 may be

a marker for the excessive response of systemic inflammation in
stroke population.

Previous studies have shown that systemic inflammation
increases the risk of PSCI, irrespective of the lesion size or
location (2, 3). In a recent study, ESR had a significant
relationship with reduced hippocampal volume and worse
cognitive performance after stroke, suggesting persistent pro-
inflammatory background as a contributor to hippocampal
volume loss (2). Another study using CRP as an inflammatory
marker showed that increased levels of serum CRP were
associated with global cognitive impairment among post-stroke
survivors (3). It is speculated that stimulation of the endothelial
intercellular adhesion molecule-1 is mediated by elevated CRP
levels and eventually leads to the development of atherosclerosis
and, subsequently, cognitive decline (33). As the exact underlying
mechanisms is unclear, we hypothesized that secondary brain
injury resulting from neutrophil-associated neurotoxicity and
decreased host defense by lymphocytes may aggravate neuronal
damage and trigger cognitive dysfunction in the recovery phase.

In our study, NLR was primarily associated with lower
z-scores in the memory and visuospatial domains. These
findings are in line with previous studies revealing that the
general population with high CRP levels exhibited impaired
cognitive function in memory and visuospatial functions
(34). Furthermore, elevated ESR is associated with memory
dysfunction and correlates with decreased hippocampal volume
(2). A potential explanation is that regional cerebral blood flow
in individuals with high CRP and IL-6 levels was decreased
in multiple areas linked to memory and visuospatial functions,
including the anterior cingulate, precuneus, hippocampus, and
parahippocampal gyrus, making these lesions more susceptible
to ischemic injury or inflammation (35). Another explanation
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is in that systemic inflammation is associated with disruption
of blood-brain barrier(BBB) integrity, by inducing migration
of microglia into cerebral vasculature, which eventually results
in phagocytosis of astrocytic end-feet (36). Subtle BBB leakage
in the initial stages of stroke or baseline BBB disruption
in hippocampal area in the elderly (37) may make BBB of
specific regions more vulnerable to systemic inflammation after
stroke (38). Thus, patients with high baseline inflammatory
marker levels may be more vulnerable to ischemic injury in
a domain-specific manner. However, since we did not fully
evaluate neuroimaging characteristics, this hypothesis should be
investigated in future studies.

This study has several limitations. First, we only evaluated
NLR as an inflammatory marker; we did not collect data
on other conventional inflammatory markers, including ESR,
CRP, and ILs. However, this might provide more unbiased
information, considering that all patients with acute ischemic
stroke undergo complete blood count analysis on admission.
Second, we did not include dynamic changes in NLR values.
The combination of admission NLR and dynamic changes would
be more comprehensive and may provide better prognostic
information. Third, since patients with severe stroke or aphasia
who were unable to perform neuropsychological tests were
excluded, our results cannot be generalized to all stroke patients.
Performing cognitive tests on all stroke patients is not feasible
in the real-world practice setting. This inherent bias for attrition
has already been discussed, and this should be kept in mind
in interpreting the findings of our study (39). Finally, our
results could not establish a causal association between NLR and
PSCI because of the cross-sectional observational design. The
interpretation of our findings is limited to the use of NLR as a
potential prognostic and therapeutic target for PSCI in further
studies. Despite these limitations, the present study has firstly
demonstrated the association between NLR and the development
of PSCI after stroke.

CONCLUSIONS

In conclusion, our study demonstrated that NLR in the acute
stage of ischemic stroke was independently associated with
PSCI at 3 months after stroke. Thus, systemic inflammation
may be a modifiable risk factor that may influence cognitive

REFERENCES

1. Tatemichi TK, Desmond DW, Stern Y, Paik M, Sano M, Bagiella E.
Cognitive impairment after stroke: frequency, patterns, and relationship
to functional abilities. | Neurol Neurosurg Psychiatry. (1994) 57:202-
7. doi: 10.1136/jnnp.57.2.202

2. Kliper E, Bashat DB, Bornstein NM, Shenhar-Tsarfaty S, Hallevi
H, Auriel E, et al. Cognitive decline after
inflammatory biomarkers and hippocampal volume.
44:1433-5. doi: 10.1161/STROKEAHA.111.000536

3. Rothenburg LS, Herrmann N, Swardfager W, Black SE, Tennen G,
Kiss A, et al. The relationship between inflammatory markers and post
stroke cognitive impairment. J Geriatr Psychiatry Neurol. (2010) 23:199-
205. doi: 10.1177/0891988710373598

relation to
(2013)

stroke:
Stroke.

outcomes after stroke. Moreover, cognitive dysfunction was
specifically observed in the memory and visuospatial domains.
Future clinical trials should clarify whether lowering systemic
inflammation by monitoring NLR can also prevent PSCIL.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this study will
be made available from the corresponding authors, upon
reasonable request.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Institutional Review Board of Hallym
University Sacred Heart Hospital. Written informed consent for
participation was not required for this study in accordance with
the national legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

ML and K-HY: conceptualization. ML and J-SL: methodology.
B-CL and MO: validation. ML: formal analysis, investigation,
writing—original draft preparation, and supervision. J-SL and
K-HY: resources. YK, JL, C-HK, S-HL, and M]J: data curation.
J-SL, K-HY, and YK: writing—review and editing. ML and
B-CL: visualization. K-HY: Project administration. ML and J-SL:
funding acquisition. All authors have read and agreed to the
published version of the manuscript.

FUNDING

This work was supported by Institute for Information &
communications Technology Promotion (IITP) grant funded by
the Korea government (MSIT) (2018-0-00861, Intelligent SW
Technology Development for Medical Data Analysis).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2021.693318/full#supplementary-material

4. Dziedzic T. Systemic inflammation as a
acute ischemic stroke. Expert Rev
31. doi: 10.1586/14737175.2015.1035712

5. Eikelenboom P, van Exel E, Hoozemans JJ, Veerhuis R, Rozemuller AJ,
van Gool WA. Neuroinflammation - an early event in both the history
and pathogenesis of Alzheimer’s disease. Neurodegener Dis. (2010) 7:38-
41. doi: 10.1159/000283480

6. Kim JY, Park J, Chang JY, Kim SH, Lee JE. Inflammation after ischemic
stroke: the role of leukocytes and glial cells. Exp Neurobiol. (2016) 25:241-
51. doi: 10.5607/en.2016.25.5.241

therapeutic
(2015)

target in

Neurother. 15:523-

7. Nam KW, Kwon HM, Jeong HY, Park JH, Kim SH, Jeong
SM. High neutrophil to lymphocyte ratios predict intracranial
atherosclerosis in a healthy population.  Atherosclerosis.  (2018)

269:117-21. doi: 10.1016/j.atherosclerosis.2017.12.035

Frontiers in Neurology | www.frontiersin.org

July 2021 | Volume 12 | Article 693318


https://www.frontiersin.org/articles/10.3389/fneur.2021.693318/full#supplementary-material
https://doi.org/10.1136/jnnp.57.2.202
https://doi.org/10.1161/STROKEAHA.111.000536
https://doi.org/10.1177/0891988710373598
https://doi.org/10.1586/14737175.2015.1035712
https://doi.org/10.1159/000283480
https://doi.org/10.5607/en.2016.25.5.241
https://doi.org/10.1016/j.atherosclerosis.2017.12.035
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Leeetal.

NLR and Post-stroke Cognitive Impairment

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Suh B, Shin DW, Kwon HM, Yun JM, Yang HK, Ahn E, et al. Elevated

neutrophil to lymphocyte ratio and ischemic stroke risk in generally healthy
adults. PLoS ONE. (2017) 12:e0183706. doi: 10.1371/journal.pone.0183706

. Qun S, Tang Y, Sun J, Liu Z, Wu J, Zhang J, et al. Neutrophil-to-lymphocyte

ratio predicts 3-month outcome of acute ischemic stroke. Neurotox Res. (2017)
31:444-52. doi: 10.1007/s12640-017-9707-z

Jickling GC, Liu D, Ander BP, Stamova B, Zhan X, Sharp FR.
Targeting neutrophils in ischemic stroke: translational insights
from experimental studies. ] Cereb Blood Flow Metab. (2015)
35:888-901. doi: 10.1038/jcbfm.2015.45

Narasimhalu K, Lee ], Leong YL, Ma L, De Silva DA, Wong MC, et al.
Inflammatory markers and their association with post stroke cognitive
decline. Int J Stroke. (2015) 10:513-8. doi: 10.1111/ijs.12001

Kim BJ, Han MK, Park TH, Park SS, Lee KB, Lee BC, et al. Current status of
acute stroke management in Korea: a report on a multicenter, comprehensive
acute stroke registry. Int ] Stroke. (2014) 9:514-8. doi: 10.1111/ijs.12199

Pendlebury ST,  Rothwell ~PM. Prevalence, incidence, and
factors  associated  with  pre-stroke and  post-stroke  dementia:
a systematic review and meta-analysis. Lancet Neurol. (2009)

8:1006-18. doi: 10.1016/S1474-4422(09)70236-4

Adams HP, Bendixen BH, Kappelle L], Biller J, Love BB, Gordon DL, et al.
Classification of subtype of acute ischemic stroke. definitions for use in
a multicenter clinical trial. TOAST. Trial of Org 10172 in acute stroke
treatment. Stroke. (1993) 24:35-41. doi: 10.1161/01.STR.24.1.35

Zahorec R. Ratio of neutrophil to lymphocyte counts-rapid and simple
parameter of systemic inflammation and stress in critically ill. Bratisl Lek Listy.
(2001) 102:5-14.

Kim BJ, Lee SH, Jung KH, Yu KH, Lee BC, Roh JK, et al. Dynamics of obesity
paradox after stroke, related to time from onset, age, and causes of death.
Neurology. (2012) 79:856-63. doi: 10.1212/WNL.0b013e318266fad1

Yu KH, Cho §J, Oh MS, Jung S, Lee JH, Shin JH, et al. Cognitive impairment
evaluated with vascular cognitive impairment harmonization standards in
a multicenter prospective stroke cohort in Korea. Stroke. (2013) 44:786-
8. doi: 10.1161/STROKEAHA.112.668343

Gorelick PB, Scuteri A, Black SE, Decarli C, Greenberg SM, Iadecola C, et al.
Vascular contributions to cognitive impairment and dementia: a statement for
healthcare professionals from the american heart association/american stroke
association. Stroke. (2011) 42:2672-713. doi: 10.1161/STR.0b013e3182299496
Kang Y, Na DL, Lee JH, Park JS. A normative study of the Korean version of
controlled oral word association test (COWAT) in the elderly. Korean J Clin
Psychol. (2000) 2000:385-92.

Yum TH, Oh KJ, Kim JH, Lee YH. Manual for Korean-wechsler Adult
Intelligence Scale. Seoul: Korea Guidance (1992).

Yi H, Lee BH, Kang Y, Na DL. Development and validation of Korean
version of trail making test for elderly persons. Dement Neurocogn Disord.
(2007) 2007:54-66.

Kang Y, Kim h Na DL. A short form of the Korean-boston naming test
(K-BNT) for using in dementia patients. Korean ] Clin Psychol. (1999)
1999:125-38.

Kang Y. Professional manual; seoul neuropsychological screening battery.
Hum Brain Res Consult (2003).

Kang Y. A normative study of the Korean-Mini Mental State Examination
(K-MMSE) in the elderly. Korean J Psychol. (2006) 25:1-12.

Lee DW, Lee JY, Ryu SG, Cho S], Hong CH, Lee JH, et al. Validity
of the Korean version of informant questionnaire on the cognitive
decline in the elderly (IQCODE). Ann Geriatr Med Res. (2005)
9:196-202.

Lim JS, Kim C, Oh MS, Lee JH, Jung S, Jang MU, et al. Effects
of glycemic variability and hyperglycemia in acute ischemic stroke on

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

post-stroke cognitive impairments. | Diabetes Complicat. (2018) 32:682-
7. doi: 10.1016/j.jdiacomp.2018.02.006

Guo Z, Yu S, Xiao L, Chen X, Ye R, Zheng P, et al. Dynamic
change of neutrophil to lymphocyte and  hemorrhagic
transformation after thrombolysis in stroke. ] Neuroinflam. (2016)
13:199. doi: 10.1186/512974-016-0680-x

Ren X, Akiyoshi K, Dziennis S, Vandenbark AA, Herson PS, Hurn
PD, et al. Regulatory B cells limit CNS inflammation and neurologic
deficits in murine experimental stroke. ] Neurosci. (2011) 31:8556-
63. doi: 10.1523/J]NEUROSCI.1623-11.2011

Liesz A, Suri-Payer E, Veltkamp C, Doerr H, Sommer C, Rivest S, et al.
Regulatory T cells are key cerebroprotective immunomodulators in acute
experimental stroke. Nat Med. (2009) 15:192-9. doi: 10.1038/nm.1927

Zhang J, Ren Q, Song Y, He M, Zeng Y, Liu Z, et al. Prognostic role of
neutrophil-lymphocyte ratio in patients with acute ischemic stroke. Medicine.
(2017) 96:e8624. doi: 10.1097/MD.0000000000008624

Wan J, Wang X, Zhen Y, Chen X, Yao P, Liu W, et al. The predictive role of the
neutrophil-lymphocyte ratio in the prognosis of adult patients with stroke.
Chin Neurosurg J. (2020) 6:22. doi: 10.1186/s41016-020-00201-5

Forget P, Khalifa C, Defour JP, Latinne D, Van Pel MC, De Kock M. What is the
normal value of the neutrophil-to-lymphocyte ratio? BMC Res Notes. (2017)
10:12. doi: 10.1186/s13104-016-2335-5

Montecucco F, Steffens S, Burger E Pelli G, Monaco C, Mach F. C-
reactive protein (CRP) induces chemokine secretion via CD11b/ICAM-1
interaction in human adherent monocytes. J Leukocyte Biol. (2008) 84:1109-
19. doi: 10.1189/j1b.0208123

Noble JM, Manly JJ, Schupf N, Tang MX, Mayeux R, Luchsinger JA.
Association of C-reactive protein with cognitive impairment. Arch Neurol.
(2010) 67:87-92. doi: 10.1001/archneurol.2009.308

Warren KN, Beason-Held LL, Carlson O, Egan JM, An Y, Doshi J, et al.
Elevated markers of inflammation are associated with longitudinal changes
in brain function in older adults. J Gerontol A Biol Sci Med Sci. (2018)
73:770-8. doi: 10.1093/gerona/glx199

Haruwaka K, Ikegami A, Tachibana Y, Ohno N, Konishi H,
Hashimoto A, et al. Dual microglia effects on blood brain barrier
permeability induced by systemic inflammation. Nat Commun. (2019)
10:5816. doi: 10.1038/541467-019-13812-2

Nation DA, Sweeney MD, Montagne A, Sagare AP, D’Orazio
LM, Pachicano M, et al. Blood-brain barrier breakdown 1is an
early biomarker of human cognitive dysfunction. Nat Med. (2019)
25:270-6. doi: 10.1038/s41591-018-0297-y

Varatharaj A, Galea I. The blood-brain barrier in systemic inflammation. Brain
Behav, Immun. (2017) 60:1-12. doi: 10.1016/j.bbi.2016.03.010

Pendlebury ST, Chen PJ, Bull L, Silver L, Mehta Z, Rothwell PM, et al.
Methodological factors in determining rates of dementia in transient ischemic
attack and stroke: (I) impact of baseline selection bias. Stroke. (2015) 46:641-
6. doi: 10.1161/STROKEAHA.114.008043

ratio

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Lee, Lim, Kim, Lee, Kim, Hun Lee, Jang, Sun Oh, Lee and Yu.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Neurology | www.frontiersin.org

July 2021 | Volume 12 | Article 693318


https://doi.org/10.1371/journal.pone.0183706
https://doi.org/10.1007/s12640-017-9707-z
https://doi.org/10.1038/jcbfm.2015.45
https://doi.org/10.1111/ijs.12001
https://doi.org/10.1111/ijs.12199
https://doi.org/10.1016/S1474-4422(09)70236-4
https://doi.org/10.1161/01.STR.24.1.35
https://doi.org/10.1212/WNL.0b013e318266fad1
https://doi.org/10.1161/STROKEAHA.112.668343
https://doi.org/10.1161/STR.0b013e3182299496
https://doi.org/10.1016/j.jdiacomp.2018.02.006
https://doi.org/10.1186/s12974-016-0680-x
https://doi.org/10.1523/JNEUROSCI.1623-11.2011
https://doi.org/10.1038/nm.1927
https://doi.org/10.1097/MD.0000000000008624
https://doi.org/10.1186/s41016-020-00201-5
https://doi.org/10.1186/s13104-016-2335-5
https://doi.org/10.1189/jlb.0208123
https://doi.org/10.1001/archneurol.2009.308
https://doi.org/10.1093/gerona/glx199
https://doi.org/10.1038/s41467-019-13812-z
https://doi.org/10.1038/s41591-018-0297-y
https://doi.org/10.1016/j.bbi.2016.03.010
https://doi.org/10.1161/STROKEAHA.114.008043
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	High Neutrophil–Lymphocyte Ratio Predicts Post-stroke Cognitive Impairment in Acute Ischemic Stroke Patients
	Introduction
	Methods
	Study Design and Population
	Clinical Variables
	Neuropsychological Evaluations
	Statistical Analysis

	Results
	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


