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Purpose: Inflammation plays an important role and is involved in all stages of acute
ischemic stroke. One of these stages involves the recruitment of leukocytes from the
peripheral circulation into the ischemic tissue. Lymphocytes as a subtype of leukocytes are
important mediators and can become a predictor of neurological outcome. Several studies
have been conducted regarding the correlation between differential lymphocyte counts and
acute ischemic stroke. Most of these studies analyzed lymphocyte ratio to other leukocyte
subtypes such as neutrophils and monocytes. This study specifically observed the role of
lymphocytes as an indicator of the inflammatory response in patients with acute ischemic
stroke. This study aimed to observe the correlation among risk factors, infarct location,
leukocyte counts, lymphocyte value and neurologic output in acute ischemic stroke patients.
Patients and Methods: We observed and analyzed 193 patients’ data from medical record
which met the inclusion and exclusion criteria with a diagnosis of acute ischemic stroke at
the Department of Neurology of Dr. Hasan Sadikin General Bandung. Data were then
analysed using appropriate statistical tests.
Results: Most patients have more than one risk factor with a leukocyte count of less than
10,000 cell/mm3. Infarct was mostly located in subcortical area (basal ganglia), with mod
erate average NIHSS values at admission and at discharge. The number of lymphocytes
decreased in the subject group with more than 10,000 cell/mm3 leukocytes. Subsequently,
data were analyzed using Spearman’s test and there was a correlation between NIHSS on
admission and lymphocyte depletion.
Conclusion: The lymphocyte depletion in patients with leukocytosis is a predictor of poor
NIHSS.
Keywords: ischemic stroke, lymphocyte depletion, poor neurologic outcome
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Stroke ranks first as the global cause of disability.1 Of all stroke cases, ischemic
stroke contributes 85% of the cases with thrombotic stroke as the main pathologic
feature.1,2 Thrombotic stroke may be located in the main arteries or branches of the
cortical arteries, subcortical regions, brainstem, or cerebellum. In thrombotic-type
strokes, the main underlying process is atherosclerosis.1,3,4
Atherosclerotic lesions which process is the main cause occlusion of the large
arteries occur more easily in individuals with risk factors such as hypertension,
dyslipidemia, diabetes mellitus, and smoking.1,4,5 In this process, endothelial blood
vessel damage results in oxidation and release of inflammatory mediators.1,6
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Currently, there is increasing evidence that the mechan
ism of inflammation plays a role in the development and
progression of ischemic stroke. Immune system is
involved at all levels of the ischemic cascade.
Inflammation occurs by both molecular and cellular com
ponents on the surface of blood microvascular endothelial
cells.1,7,8 Pathological features in ischemic stroke, such as
cell necrosis, debris produced by dead cells, and reactive
oxygen species (ROS), may induce inflammation in nerve
cells through activation of microglia and astrocytes, as
well as infiltration of leukocytes from peripheral blood
circulation.9,10
The pathophysiology of lymphocyte activity in post
stroke is not characterized yet, and also the other sub
types of leukocytes, i.e neutrophils and monocytes.10,11
It is stated that the role of lymphocytes in acute
ischemic stroke is still controversial. Lymphocytes infil
trate the ischemic tissue and mediate the inflammatory
response, where it may increase the level of antiinflammatory cytokines and suppress the production of
proinflammatory cytokines. During ischemic stroke cas
cade, infiltration of immune cells and the release of
proinflammatory cytokines are included in secondary
development of neuronal injury, which decreases bloodbrain barrier impairment, brain edema, and infarct
volume.12 In patients with acute ischemic stroke, the
number of lymphocytes was often observed to be
reduced. Several studies have shown that a low lym
phocyte count is associated with poor clinical neurolo
gical outputs and plays a negative role in long-term
functional recovery.10,11
The National Institute of Health Stroke Scale (NIHSS)
has been used in most studies on acute strokes to evaluate
the neurological outputs. The NIHSS is a stroke-specific
quantitative scale that examines the level of consciousness,
language function, neglect, visual fields, eye movements,
facial symmetry, motor strength, sensation, and coordina
tion. The range of NIHSS score varies from 0 to 42.
A lower NIHSS score during the initial phase of acute
ischemic stroke independently correlates with good neuro
logical outputs.13–15
Without discounting the importance of the other leuco
cytes (eg neutrophils, and monocytes), there should be
a concerted effort to understand the importance of lym
phocytes in the context of ischemic stroke. The study aims
to observe the role of lymphocytes and correlate it to the
other risk factors, leukocyte count and neurologic output
in patients with acute ischemic stroke.
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Patients and Methods
Subject Selection and Study Design
This was a cross-sectional observational analytical study
using retrospective data. Secondary data from 193 subjects
in the form of medical records of patients treated at the
Department of Neurology of Dr. Hasan Sadikin General
Bandung for ischemic stroke (November 2018 to
October 2019) were used.
The inclusion criteria were acute ischemic stroke in
patients who were not treated with thrombolysis and
thrombectomy. Stroke was defined as a neurological deficit
that begins abruptly with acute focal injury by vascular
disease persisting � 24 hours and was proven by objec
tive evidence.16,17 The type of stroke was classified
according to the TOAST classification, including large
artery atherosclerosis, small artery occlusion, cardioembo
lism, other demonstrated cause, and undetermined cause
(cryptogenic),3 whereas the subtype of stroke within the
inclusion criteria were large artery atherosclerosis and
small artery occlusion. Stroke severity was stratified on
the basis of NIHSS score as follows: 1–4 mild, 5–15
moderate, and more than 15 was severe stroke.13–15
Laboratory assessment for analyzing the risk factor
such as fasting venous blood samples, lipid profile, blood
glucose levels, uric acid and blood test for cell counts were
done on admission to the hospital before the treatment. CT
head scan without contrast showing infarction that
matched the thrombotic features (atherothrombotic, throm
boembolic and lacunar)].1,3,4 Location within the basal
ganglia, internal capsule, or corona radiata with
a diameter between 15 and 40 mm suggests diagnosis for
large subcortical infarct, whereas diameter of 15 mm in the
same location addressed as small deep infarcts. Superficial
ischemic lesions in the territory of one of the large major
cerebral arteries or lesions in a border zone were called
cortical infarcts, while the underlying white matter might
be involved as well.18
The exclusion criteria were a history of autoimmune
diseases, the use of immunosuppression drugs, the pre
sence of infection (excluded with clinical signs and symp
toms such as abnormal body temperature, respiratory
problems and also supporting examinations such as blood
tests and chest X-rays), any haematological disorders,
malignancy, kidney and liver disease, and features of
bleeding and cardioembolic infarction on CT scan as fol
low, wedge shape infarction based in the cortex, acute
bilateral infarctions, location of infarction in the anterior
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and posterior circulation, multiple cortical infarction in
various vascular distribution, and greater tendency to
hemorrhagic transformation.16,19,20
Each patient record was coded anonymously to ensure
confidentiality during statistical analysis. The protocol
study was approved by the Padjadjaran University Ethics
Research Committee (No. 1554/UN6.KEP/EC/2019) and
conducted in compliance with the Declaration of Helsinki.

Statistical Analysis
Categorical data are presented in number, frequency and
percentage, while numerical data are presented in mean,
median, standard deviation, and range. Data distribution
was evaluated using the Kolmogorov Smirnov test. For
numerical comparison of two groups of data, T-test was
used for normally distributed data. Mann–Whitney test
analysis was used if data were not normally distributed.
The significance tests used for more than two groups were
one-way ANOVA, if data were normally distributed and
the variance was homogeneous, and the Kruskal Wallis
test if not normally distributed. Correlation between
numerical data were done using Pearson or Spearman test.

Results
This study successfully collected data from 193 ischemic
stroke patients, with 98 males (50.8%) with age mostly
<60 years old (65.3%). Several risk factors for ischemic
stroke were identified from the study subjects, such as
hypertension, dyslipidemia, diabetes mellitus, smoking,
hyperuricemia, age and previous stroke history. The most
common risk factor identified was hypertension in 177
(88.5%) patients followed by dyslipidemia in 110
(55.0%), previous stroke history 77 (38.5%), age 70
(35.0%), diabetes mellitus 56 (28.0%), smoking 36
(18.0%) and hyperuricemia 16 (8.0%). Most subjects had
more than one risk factor (n=175, 90.7%). We cannot
collect past medication history from the patients because
poor compliance and awareness of the patients, the patient
forgot the medicine that was taken and the data in medical
records were incomplete.
During the acute phase of stroke ischemia, the patients
were given anti aggregation platelet, anti hypertension and
diabetic therapy, cholesterol and uric acid lowering medi
cation, depend on the risk factors that they had. The
management was in accordance with widely used guide
lines in neurology, such as aspirin which was the choice
for anti-aggregation platelets and statin therapy in patients
with dyslipidemia.21,22
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The average leukocyte count during treatment was
9337.01 ± 2835.22 with most having ≤10,000 leukocytes
(65.8%). The differential lymphocyte count was also ana
lyzed and showed an average of 20.97±10.126 in subjects
with more than one risk factor. Ischemic stroke was mostly
located in the subcortical area, which was found in 156
subjects (80.8%) with 98 of them located in the basal
ganglia (62.8%). The average NIHSS at admission was
6.49 ± 3.20 while the average NIHSS score at discharge
was 5.44 ± 2.93. Most patients were in moderate NIHSS
degree, both at admission and at discharge, with 62.7%
and 56.5%, respectively (Table 1).
The comparison of lymphocyte counts between risk
factors using Mann–Whitney test revealed that there was
no significant difference (P>0.05) (Table 2). When lym
phocyte counts and leukocyte level were compared, it
showed statistically significant results with a P value of
less than 0.05 (P<0.05) (Table 3). The statistical analysis
on the relationship between lymphocytes and the location
of infarction resulting in insignificant results (P>0.05)
(Table 4) We also analyzed the correlation between neu
trophil lymphocyte ratio and NIHSS score, however both
statistical analysis did not show any correlation. Finally,
we analyzed the correlation between lymphocyte and
NIHSS score using using Spearman’s test and showed
a significant correlation with a P value of less than 0.05
(P<0.05) (Table 5).

Discussion
The conventional theory of atherosclerosis as a disease
caused by fat deposits has been challenged with the grow
ing evidence that inflammation is involved in all stages of
atherosclerosis, starting from the initial injury to thrombo
tic complications as the late stage.23 Endothelial responses
are seen in the form of increased expression of cellular
adhesion molecules and proinflammatory cytokines in
atherosclerotic lesions which increases leukocyte accumu
lation and activation.24,25 Leukocytosis has been linked to
the degree of atherosclerotic disease. In addition, leukocy
tosis is associated with unstable plaque and is also seen as
a factor that induces acute thrombotic events.26
Narrowing of the arteries due to atherosclerosis most
often occurs in the internal carotid artery and its branches.
These arteries are the main blood vessels that affect impor
tant structures in the cortical and subcortical regions.
Carotid blood vessels become predilected in atherosclero
sis due to blood flow patterns in the area where there are
hemodynamic variations, such as shear stress, which
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Table 1 Demographic Characteristics, Risk Factor, Leukocyte
Count, Differential Leukocyte Count, Infarct Location, and
NIHSS
Variables

N = 193
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Gender
Male
Female

98 (50.8%)
95 (49.2%)

Age
< 60 years

126 (65.3%)

≥ 60 years

67 (34.7%)

Risk factor
1 Risk factor
≥2 risk factors
Leukocyte (cells/uL)
Mean ± Std
Median
Range (min-max)

18 (9.3%)
175 (90.7%)

9110.00
516.00–19,140.00

Mean ± Std
Median

0.00
0.00

Range (min-max)

0.00

Eosinophil (%)
1.60±2.096

Median
Range (min-max)

1.00
0.00–13.00

Range (min-max)

0.04±0.311
0.00
0.00–3.00

Segmented neutrophil (%)
Mean ± Std
Median
Range (min-max)

69.93±12.652
70.00
7.00–94.00

Lymphocyte (%)
Mean ± Std

20.87±9.944

Median
Range (min-max)

20.00
4.00–52.00

Monocyte (%)
Mean ± Std
Median
Range (min-max)

7.25±3.281
7.00
1.00–26.00

Neutrophil Lymphocyte Ratio
Mean ± Std
Median

4.81±3.912
3.45

Range (min-max)

0.50–23.50

(Continued)
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N = 193

Infarct location
Subcortical

156 (80.8%)

Cortical
Pons

22 (11,4%)
15 (7.8%)

NIHSS at admission
Mean±Std
Median

6.49±3.200
6.00

Range (min-max)

1.00–19.00

NIHSS degree at admission
Mild
Moderate

66 (34.2%)
121 (62.7%)
6 (3.1%)

NIHSS at discharge
Mean±Std

5.44±2.925

Median
Range (min-max)

5.00
0.00–16.00

NIHSS degree at discharge
Mild
Moderate
Severe

Mean ± Std

Median

Variables

Severe
9337.01±2835.224

Basophil (%)

Banded neutrophil (%)
Mean ± Std

Table 1 (Continued).

83 (43.0%)
109 (56.5%)
1 (0.5%)

strongly influence the process of atherosclerosis and the
remodeling in these vessels.16,27
In acute ischemic stroke, tissue hypoxia induces an
inflammatory reaction in the brain parenchyma. There is
an increase in the number of peripheral vascular leuko
cytes is seen in the first 72 hours after onset. Infiltrated
leukocytes cause cerebral ischemic injury in various ways.
First of all, leukocyte adhesion to the endothelium can
reduce the flow of erythrocytes through microvasculature
permeability which causes the phenomenon of brain noreflow and additional brain injury. Proteases, ROS, gelati
nase, and collagenase are released by activated leukocytes
on the surface of the endothelium damage blood vessels
and brain tissue. Activation of phospholipase in leukocytes
leads to the release of active substances, such as leuko
trienes, eicosanoids, prostaglandins and platelet activating
factors, which cause vasoconstriction and prolong platelet
aggregation. Finally, infiltrating leukocytes release proin
flammatory cytokines and other immune modulators in the
penumbra zone that surrounds the infarct core which
causes more neuronal injury.9,28
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Table 2 The Comparison of Differential Counts by Risk Factor
Variables

Risk Factor

P value

1 Risk Factor (N=18)

≥ 2 Risk Factors (N=175)

Mean ± Std
Median

9893.33±2779.528
9520.00

9279.79±2842.523
9080.00

Range (min-max)

4880.00–16,830.00

516.00–19,140.00

Mean ± Std

0.00

0.00

Median
Range (min-max)

0.00
0.00

0.00
0.00

1.33±1.236

1.63±2.166
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Leukocyte (cells/uL)

0.276

Basophil (%)

Eosinophil (%)
Mean ± Std

1.00

0.929

Median

1.00

1.00

0.00–4.00

0.00–13.00

Mean±Std
Median

0.16±0.707
0.00

0.03±0.237
0.00

Range (min-max)

0.00–3.00

0.00–2.00

Mean±Std
Median

69.16±11.089
67.50

70.01±12.828
71.00

Range (min-max)

45.00–94.00

7.00–93.00

Mean±Std

19.88±8.137

20.97±10.126

Median
Range (min-max)

20.50
4.00–37.00

20.00
4.00–52.00

8.94±6.053

7.08±2.824

Range (min-max)
Banded neutrophil (%)

0.389

Segmented neutrophil (%)

0.788

Lymphocyte (%)

Monocyte (%)
Mean±Std

0.821

0.636

Median
Range (min-max)

6.50

7.00

2.00–26.00

1.00–25.00

In previous studies, proinflammatory cytokine levels
were observed to be higher in patients with ischemic
stroke in cortical areas. This is presumably due to differ
ences in the cytokine release patterns between the sub
stantia grisea and the substantia alba (gray matter and
white matter); in this case, in glia cells and nerve cells.
Conversely, other researchers argued that what determines
the inflammatory response is the magnitude of the expan
sion of the infarction.29,30
The inflammatory response activated by brain
lesions is considered to play a fatal role and trigger
secondary brain injuries. The pathophysiological pro
cess after stroke onset is known to be caused by leu
kocyte infiltration and the release of inflammatory
mediators. This contributes to neuronal death or

International Journal of General Medicine 2021:14

apoptosis. Several experiments in mice have shown
that increased lymphocytes increases the antiinflammatory regulation of cytokine interleukin
(IL) −10 and suppresses proinflammatory cytokines,
including IL-6 and tumor necrosis factor (TNF) -α,
thereby inducing a protective effect on nerves.
According to our recent results, low lymphocyte level
is associated with poor neurological outcome based on
NIHSS scale. Low lymphocyte count is caused by
systemic pressure after stroke, which encourages acti
vation of the renin-angiotensin system, resulting in the
cortisol release and lymphocyte apoptosis induction.12
The type of differential count is affected by the
inflammatory process. This process can be assessed by
inflammatory markers, including C-reactive protein
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Table 3 The Comparison of Differential Counts by Leukocyte Level
Variables

Leukocyte Category

P value

> 10,000 (N=66)

≤10,000 (N=127)

Mean±Std
Median

12,341.06±2093.478
11,570.00

7775.85±1674.718
7970.00

Range (min-max)

10,010.00–19,140.00

516.00–10,000.00

Mean±Std

0.00

0.00

Median
Range (min-max)

0.00
0.00

0.00
0.00

1.19±1.490

1.81±2.327
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Leukocyte (cells/uL)

Basophil (%)

Eosinophil (%)
Mean±Std
Median

1.00

0.071
1.00

1.00

0.00–6.00

0.00–13.00

Mean±Std
Median

0.06±0.387
0.00

0.03±0.264
0.00

Range (min-max)

0.00–3.00

0.00–2.00

73.81±13.405
73.50

67.91±11.799
69.00

7.00–94.00

29.00–93.00

Mean±Std

17.71±8.961

22.51±10.064

Median
Range (min-max)

17.50
4.00–41.00

23.00
4.00–52.00

7.43±3.791

7.16±2.994

Range (min-max)
Banded neutrophil (%)

0.778

Segmented neutrophil (%)
Mean±Std
Median
Range (min-max)

0.000**

Lymphocyte (%)

Monocyte (%)
Mean±Std
Median
Range (min-max)

0.001**

0.855
7.00

7.00

1.00–26.00

2.00–25.00

Note: **Mann–Whitney test significance at p<0.001.

(CRP) and erythrocyte sedimentation rate (ESR).31 We
did not have the data about CRP and ESR. Therefore,
these two markers are better studied in the future
research.
In this study, we have several limitations. There is an
absence of data related to infarct volume on head CT
scans. The study has no control nor knowledge over
when the blood samples were harvested in the events
post stroke. We report the types of risk factors not in
the form of an average value of each of these factors. All
these mitigating factors could have led to confounders in
the research. This retrospective study only provided
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a glimpse of the importance of the lymphocyte count in
the pathogenesis of ischemic stroke. As a follow up, we
could design our own research trial and harvest fresh
blood from new subjects to confirm our hypothesis.

Conclusions
This study showed that the decrease of lymphocyte count
in patients with leukocytosis is associated with poor
NIHSS scores. This suggests that lymphocyte count can
be used as an indicator of inflammation in acute ischemic
stroke patients and as a predictor of neurological outcome
after an ischemic stroke.
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Table 4 Comparison Between Differential Counts by Location of Infarction
Variables

Infarct Location

P value

Subcortical (N=156)

Cortical (N=22)

Pons (N=15)

Mean±Std
Median

9287.93±2463.710
9095.00

9812.27±4109.448
9705.00

9150.40±4159.565
9000.00

Range (min-max)

3230.00–18,120.00

2540.00–19,140.00

516.00–18,980.00

Mean±Std

0.00

0.00

0.00

Median
Range (min-max)

0.00
0.00

0.00
0.00

0.00
0.00

1.67±2.226

1.36±1.559

1.26±1.222
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Leukocyte (cells/uL)

0.877

Basophil (%)

Eosinophil (%)
Mean±Std
Median

1.00

0.925
1.00

1.00

1.00

0.00–13.00

0.00–5.00

0.00–4.00

Mean±Std
Median

0.05±0.345
0.00

0.00
0.00

0.00
0.00

Range (min-max)

0.00–3.00

0.00

0.00

Mean±Std
Median

69.35±12.028
70.00

70.72±17.989
72.50

74.73±8.883
72.00

Range (min-max)

29.00–94.00

7.00–90.00

62.00–90.00

21.23±10.073

17.95±9.805

21.46±8.559

20.00
4.00–52.00

16.00
5.00–36.00

20.00
10.00–41.00

7.16±3.287

7.90±3.084

7.26±3.594

Range (min-max)
Banded neutrophil (%)

0.546

Segmented neutrophil (%)

0.278

Lymphocyte (%)
Mean±Std
Median
Range (min-max)
Monocyte (%)
Mean±Std
Median
Range (min-max)

0.356

0.316
7.00

8.00

6.00

1.00–26.00

2.00–15.00

2.00–17.00

Table 5 Correlation Between NIHSS Degree Score at Admission, NIHSS Degree Score at Discharge, and Abnormal Differential
Count
Variables
Leukocyte

NIHSS Degree Score at Admission

NIHSSA Degree at Discharge

R= 0.018, P value= 0.886

R=0.015 P value= 0.905

Eosinophil
Banded neutrophil

R= −0.165 P value= 0.572
R= 0.019 P value= 0.796

R=−0.112 P value= 0.702
R= 0.05 P value= 0.49

Segmented neutrophil

R= −0.143 P value= 0.217

R= −0.104 P value= 0.371

Lymphocyte
Monocyte

R= 0.245 P value= 0.033*
R= 0.039 P value= 0.785

R= 0.189 P value=0.102
R= 0.003 P value=0.985

Basophil

Notes: R: correlation coefficient, *Significance at p<0.05.
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