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An elevated platelet-to-lymphocyte ratio is associated with a higher
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Abstract

years) and acute ischemic stroke.

stroke group, P =0.027).

potential biomarker for ICAS in the elderly population.

Results: Multivariate regression analysis showed that a high PLR was associated with a higher risk of ICAS in all participants
(P < 0.001). Compared with the lowest quartile, the fourth PLR quartile was significantly associated with ICAS (OR 1.7035, 95%
confidence interval 1.278-2.275, P < 0.001). In the subgroups stratified by age, an association between the PLR and ICAS was
found in the late-life group (P < 0.001), but not in the mid-life group (P =0.650). In the subgroups stratified by acute ischemic
stroke, the relationship between an elevated PLR and a higher risk of ICAS remained unchanged (stroke group, P < 0.001; non-

Conclusions: An elevated PLR was associated with a higher risk of ICAS in a Chinese Han population. The PLR might serve as a
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Background: Previous studies have shown that inflammation plays an important role in intracranial atherosclerotic stencb
(ICAS). The platelet-to-lymphocyte ratio (PLR) has recently emerged as a potential inflammatory biomarker. This study aimed to
explore the association of the PLR with ICAS in a Chinese Han population.

Methods: A total of 2134 participants (518 with ICAS, 1616 without ICAS) were enrolled in this study. ICAS was defined as
atherosclerotic stenosis >50% or the occlusion of several main intracranial arteries. Multivariable logistic regression analyses were
used to assess the association of the PLR with ICAS. Additional subgroup analyses were performed according to age (<60 vs. > 60

Introduction

Intracranial atherosclerotic stenosis (ICAS), a progressive
pathological process that induces cerebral hypoperfusion,
is recognized as the most common cause of the occurrence
of ischemic stroke globally and more easily leads to the
recurrence of ischemic stroke compared with other stroke
subtypes.[?! Asian, Hispanic, and African populations
have a higher risk of intracranial atherosclerosis.*! In
Chinese populations, ICAS induces approximately 50% of
transient ischemic attacks (TIAs) and 33% to 50% of
strokes.!*! In consideration of the heavy burden that stroke
places on society, it is crucial to identify ICAS to improve
preventive strategies.

Previous studies have demonstrated that inflammation
plays an essential role in the initiation and progression of
ICAS. Inflammatory biomarkers such as C-reactive
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protein (CRP), interleukin-6, and matrix metalloprotei-
nases have been identified as reliable markers of ICAS.!
The platelet-to-lymphocyte ratio (PLR), which is calcu-
lated by dividing the platelet count by the lymphocyte
count, has recently been identified as a potential
inflammatory marker. What is more, a higher PLR is
regarded as a better reflection of atherosclerosis and
platelet activation.!®! Studies have proven that the PLR is
significantly correlated with the severity of coronary
artery disease (CAD).1*® Moreover, it was found that the
PLR might be a prognostic marker for acute coronary
syndrome!®’ and acute cerebral infarction.'” Many
prospective epidemiological studies have demonstrated
that an increased PLR value is associated with stenosis in
the carotid artery."" It was also shown that the
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occurrence of critical limb ischemia was significantly
increased with the increase in PLR amonjg patients with
the peripheral arterial occlusive disease.!"! However, rare
studies to date have focused on the association between
the PLR and ICAS. This study aimed to investigate the
association between the PLR and ICAS in a Chinese Han
population, as well as whether the PLR could be used as a
potential biomarker for ICAS.

Methods

Ethical approval

This study was approved by the Institutional Ethics
Committee of Qingdao Municipal Hospital (No.
QDSSLYY-2014-034) and written informed consent was
obtained from all participants or their legal representatives.

Study population

The participants were prospectively recruited from
Qingdao Municipal Hospital of the patients for suspected
stroke in the department of neurology and individuals
who underwent comprehensive health screening at the
health screening center from January 2014 to June 2018.
The inclusion criteria were as follows: (1) aged over 40
years; (2) of Han Chinese ethnicity; (3) underwent
systemic investigations, including magnetic resonance
imaging (MRI), magnetic resonance angiography
(MRA), and other essential laboratory tests; (4) had
available comprehensive clinical information. The exclu-
sion criteria were as follows: (1) had been taking
antiplatelet drugs before admission that may affect the
PLR; (2) had a history of stroke; (3) had an intracerebral
hemorrhage, extracranial atherosclerotic stenosis, atrial
fibrillation, cardiac embolism, valvular heart disease,
vascular disease and had undergone replacement; (4) had
intracranial and external artery dissection, muscular fiber
dysplasia, arteritis, moyamoya disease; (5) had an
infection, tumor, hematologic disease, autoimmune dis-
eases, chronic liver disease, and renal disease.

Finally, a total of 2134 participants were included for
analysis in this study (a flowchart of the screening process
for the included participants is listed in [Supplementary
Figure 1, http://links.lww.com/CM9/B118)]. The majority
of the participants were from the department of neurology
(the basic characteristics of participants from the two
different clinical departments are presented in [Supple-
mentary Table 1, http:/links.lww.com/CM9/B118)].

Demographic information and clinical measurements

Demographic information and clinical data were gathered
by experienced and certified neurologists. Blood pressure
was measured three times consecutively at admission after
15 min of rest in a supine position and the average was
taken for analysis. Acute ischemic stroke included TIA and
MRI confirmed acute ischemic stroke (within 7 days of
onset). An average systolic pressure of at least 140 mmHg
and/or an average diastolic pressure of at least 90 mmHg
on >3 occasions or takinﬁ anti-hypertensive drugs was
defined as hypertension.!'*! The use of anti-diabetic drugs,
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a random blood glucose level >11.1 mmol/L, or a fasting
plasma %lucose >7.0 mmol/L were defined as diabetes
mellitus."*! Coronary heart disease (CHD) was defined as
previous or newly diagnosed CHD. Self-reported behav-
iors of past or present smoking and drinking were defined
as smoking and drinking, respectively. Information on
medication usage, including lipid-lowering drugs, was
obtained through self-report at admission.

Laboratory measurements

Fasting peripheral venous blood samples were collected in
the morning within 24 h after admission and all data were
obtained from the same blood sample. The lipid profile
and fasting blood glucose (FBG) were assayed using an
automated analytical platform (Beckman Coulter
AU5800: Beckman Coulter Inc., Brea, CA, USA). The
platelet count and lymphocyte count were automatically
analyzed from EDTA-anticoagulated whole-blood sam-
ples using automated particle counters. Following the
measurement, the PLR was calculated by dividing the
platelet count by the lymphocyte count.

Assessment of ICAS

All enrolled participants had undergone 3D-Time-of-flight
magnetic-resonance-angiography (3D-TOF MRA) at
3.0-T. In this study, the Warfarin-Aspirin Symptomatic
Intracranial Disease trial criteria were used to evaluate the
degree of intracranial stenosis.!'’) More than 50%
atherosclerotic stenosis or occlusion in single or multiple
large intracranial arteries, including the M1/M2 middle
cerebral artery, A1/A2 anterior cerebral artery, P1/P2
posterior cerebral artery, vertebral artery, basilar artery,
and intracranial section of the internal carotid artery, was
considered as ICAS. Two experienced radiologists read all
images of the participants in the absence of clinical
information and consulted a third neuroimaging physician
if there was a dispute.

Statistical analysis

Eleven participants with data values outside 4 standard
deviation limits were removed to eliminate the influence of
extreme values. The normality of the distribution of
continuous variables was tested using the Kolmogorov—
Smirnov test. Non-normally distributed continuous varia-
bles were expressed as medians and interquartile ranges,
and intergroup differences were compared by the Mann-
Whitney U test. Categorical variables were expressed as
frequencies and percentages, and Chi-squared tests were
used to explore the differences. The relationship between
the PLR and ICAS was evaluated by multivariate logistic
regression models, adjusted by related risk factors (P < 0.05
by univariate logistic regression) including age, systolic
blood pressure (SBP), FBG, high-density lipoprotein (HDL),
acute ischemic stroke, a medical history of hypertension, a
medical history of diabetes, and lipid-lowering drugs. The
results are presented as odds ratios (ORs) and 95%
confidence intervals (CIs). The trend test was performed
by taking the median values of each quartile into the logistic
regression model as a continuous variable. The analyses
were further conducted in subgroups stratified by age (<60
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vs. >60 years) and acute ischemic stroke. Moreover, in
participants who completed the CRP test, the same analyses
described above were conducted by adding CRP in the
multivariate-adjusted models. Statistical analyses were
performed using R software (version 3.6.3; R Foundation,
Vienna, Austria) and SPSS version 21 (IBM Corp., Armonk,
NY, United States). The significance level of all analyses was
set at P < 0.0S.

Results

Participant characteristics and intergroup comparisons

A total of 2134 participants were included in this
analysis, among whom there were 518 patients with
ICAS and 1616 patients without ICAS. The study
population had a median age of 67 years and they were
more likely to be male (59.9%). The clinical and
demographic characteristics of the included participants
are presented in [Table 1]. As the results showed,
compared with the non-ICAS group, patients with ICAS
were older and had higher levels of SBP and FBG, as well
as a higher prevalence of acute ischemic stroke,
hypertension, and diabetes mellitus, but a lower level
of HDL. The PLR was significantly increased among
patients with ICAS compared with patients without
ICAS. We also found that patients with 1 to 2 stenotic
arteries and >3 stenotic arteries had significantly higher
PLRs than those without ICAS, but the comparison
between the group with 1 to 2 stenotic arteries and the
group with >3 stenotic arteries revealed no significant
differences [Supplementary Figure 2, http://links.lww.
com/CM9/B118].
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In our subgroup analysis stratified by age, all participants
were divided into two subgroups: the <60 years group
(mid-life group) and the >60 years group (late-life group).
We found that PLR levels were higher in patients with
ICAS than in those without ICAS in the late-life group
(P < 0.001), but no significant difference in PLR level was
found while comparing patients with and without ICAS in
the mid-life group (P=0.688) [Figure 1A]. Other
characteristics of participants in subgroups stratified by
age are also shown in [Table 2].

We also conducted a subgroup analysis stratified by acute
ischemic stroke (stroke group and non-stroke group). The
characteristics of participants in subgroups stratified by
stroke status are summarized in [Supplementary Table 2,
http://links.lww.com/CM9/B118]. In the non-stroke
group, PLR levels were higher in patients with ICAS than
in those without ICAS (P =0.017). Similar results were
also found in the stroke group (P =0.005) [Figure 1B].

Association of the PLR and ICAS in all recruited participants

Findings from multivariable logistic regression for the
association between the PLR and ICAS are provided in
[Table 3]. After adjustment for confounding factors,
the PLR was demonstrated to be associated with ICAS
in all participants (OR 1.005, 95% CI 1.003-1.007,
P < 0.001). Further analyses were performed using quar-
tiles of the PLR. The regression analyses indicated that
patients in higher PLR quartiles were more inclined to suffer
ICAS than those in the first quartile. Specifically, with the
first quartile as the reference category, the ORsand 95% Cls
were 1.000 (0.739-1.352) in the second quartile,
1.123 (0.833-1.513) in the third quartile, and 1.705

Table 1: Clinical and demographic characteristics of participants with ICAS or without ICAS.

Characteristics Total participants (n=2134) ICAS (n=518) Non-ICAS (n=1616) Statistics P values
Age, median (IQR), years 67 (60-77) 70 (62-79) 66 (59-76) ~5.325" <0.001
Male, n (%) 1278 (59.9) 306 (59.1) 972 (60.1) 0.1897 0.664
SBP, median (IQR), mmHg 145 (130-160) 150 (135-170) 144 (130-160) —4.703" <0.001
DBP, median (IQR), mmHg 84 (80-90) 85 (80-90) 82 (80-90) —0.911" 0.362
Lipid profile, median (IQR)
TG (mmol/L) 1.30 (0.95-1.78) 1.32 (0.98-1.74) 1.30 (0.94-1.78) —0.619° 0.536
TC (mmol/L) 4.95 (4.21-5.77) 4.98 (4.13-5.90) 4.93 (4.23-5.73) —0.232" 0.817
HDL (mmol/L) 1.14 (0.96-1.35) 1.12 (0.93-1.32) 1.14 (0.98-1.36) —2.376° 0.018
LDL (mmol/L) 3.04 (2.48-3.62) 3.08 (2.44-3.64) 3.03 (2.50-3.61) —~0.534" 0.593
FBG, median (IQR), mmol/L 5.32 (4.69-6.77) 5.69 (4.80-7.83) 5.23 (4.66-6.50) —5.261" <0.001
Platelet, median (IQR), (10°/L) 205 (173-239) 207 (172.75-244) 205 (173-238) —0.644"  0.520
Lymphocytes, median (IQR), (10°/L) 1.95 (1.55-2.42) 1.86 (1.45-2.33) 1.99 (1.57-2.46) —3.720" <0.001
PLR, median (IQR) 104.76 (82.20-136.45) 110.17 (87.49-146.17) 102.97 (81.77-131.83) —3.620" <0.001
Medical history
Hypertension, 7 (%) 1646 (77.1) 424 (81.9) 1222 (75.6) 8.644"  0.003
Diabetes mellitus, 7 (%) 751 (35.2) 224 (43.2) 527 (32.6) 19.441% <0.001
CHD, 7 (%) 791 (37.1) 208 (40.2) 583 (36.1) 2.796"  0.094
Acute ischemic stroke, 7 (%) 1293 (60.6) 362 (69.9) 931 (57.6) 24.743" <0.001
Smoking, 7 (%) 728 (34.1) 174 (33.6) 554 (34.3) 0.083" 0.773
Drinking, 7 (%) 526 (24.6) 127 (24.5) 399 (24.7) 0.006" 0.937
Lipid-lowering drugs, 7 (%) 247 (11.6) 107 (20.7) 140 (8.7) 55.126" <0.001

* Mann-Whitney U test. " Chi-squared test. CHD: Coronary heart disease; DBP: Diastolic blood pressure; FBG: Fasting blood glucose; HDL: High-
density lipoprotein; ICAS: Intracranial arterial stenosis; IQR: Interquartile range; LDL: Low-density lipoprotein; PLR: Platelet-to-lymphocyte ratio;

SBP: Systolic blood pressure; TC: Total cholesterol; TG: Triglyceride.
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Figure 1: The level of PLR and distribution of participants. (A) PLR levels were significantly higher in ICAS groups compared to non-ICAS groups in late-life participants, but no statistical

significance in mid-life participants. (B) PLR levels were significantly higher in ICAS groups in
lymphocyte ratio.

both stroke and non-stroke participants. ICAS: Intracranial arterial stenosis; PLR: Platelet-to-

Table 2: Characteristics of participants in subgroups stratified by age.

Mid-life group (n=519)

Late-life group (n=1615)

Characteristics ICAS (n=94) Non-ICAS (n=425) P (sta) ICAS (n=424) Non-ICAS (n=1191) P (sta)
Age, median (IQR), years 53 (51-57) 4 (49-57) 0.483 (—0.701") 74 (66-81) 1 (64-79) <0.001 (—3.6317)
Male, 7 (%) 73 (77.7) 326 (76.7) 0.843 (0.0397) 233 (55.0) 646 (54.2) 0.800 (0. 064*)
SBP, median (IQR), mmHg 147 (130-160) 0 (130-160) 0.381 (0. 877 150 (135-170) 5 (130-160) <0.001 (—4.686" )
DBP, median (IQR), mmHg 90 (80-96) 0 (80-100) 0.705 (—0.379" ) 84 (80-90) 0 (80-90) 0.066 (—1.837")
Lipid profile, median (IQR) . .
TG (mmol/L) 1.49 (1.11-2.06) 1.51 (1.12-2.05) 0.683 (—0.408 )  1.27 (0.96-1.70) 1.22 (0.89-1.69) 0.092 (—-1.687)
TC (mmol/L) 4.87 (4.01-5.72) 5.01 (4.16-5.75) 0.395 (-0.850,)  5.00 (4.15-5.95) 4.90 (4.24-5.72) 0.497 (—0.679" L)
HDL (mmol/L) 1.04 (0.89-1.27) 1.11 (0.95-1.29) 0.124 (-1.538 )  1.13 (0.94-1.33) 1.16 (0.99-1.38) 0.026 (—2. 222 )
LDL (mmol/L) 3.01 (2.40-3.48) 3.08 (2.46-3.66) 0.279 (~1.082 )  3.09 (2.47-3.70) 3.01 (2.51-3.58) 0.247 (-1.157" )
FBG, median (IQR), mmol/L 5.72 (4.82-8.07) 5.31 (4.70-6.83) 0.055 (=1.917)  5.69 (4.80-7.68) 5.21 (4.65-6.42) <0.001 (—5.081 )
Platelet, median (IQR), (10°/L) 209 (178-244) 210 (180-248) 0.575 (-0.561) 207 (172-244) 202 (171-234) 0.210 (-1.254 L)
Lymphocytes, median (IQR), (10°/L)  2.05 (1.67-2.59) 2.14 (1.72-2.55) 0.502 (-0.671,) 1.82 (1.39-2.28) 1.93 (1.53-2.40) 0.001 (—3.293" L)
PLR, median (IQR) 101.71 (82.26-124.72) 97.89 (79.40-126.08) 0.688 (—0.401") 113.65 (87.67-150.33) 104.32 (82.33-133.12) <0.001 (—3.651")
Medical history
Hypertension, 7 (%) (77.7) 304 (71.5) 0.228 (1.455%) 351 (82.8) 918 (77.1) 0.014 (6.045")
Diabetes mellitus, 7 (%) 41 (43 6) 141 (33.2) 0.055 (3.685%) 183 (43.2) 386 (32.4) <0.001 (15.837%)
CHD, 7 (%) 23 (24.5) 87 (20.5) 0.391 (0.736") 185 (43.6) 496 (41.6) 0.477 (0.506")
Acute ischemic stroke, 7 (%) 72 (76.6) 257 (60.5) 0.003 (8.6257) 290 (68.4) 674 (56.6) <0.001 (18. 111T
Smoking, 7 (%) (59.6) 215 (50.6) 0.114 (2.4917) 118 (27.8) 339 (28.5) 0.804 (0.0627)
Drinking, 7 (%) 39 (41 5) 154 (36.2) 0.340 (0.9107) 8 (20.8) 245 (20.6) 0.936 (0.006")
Lipid-lowering drugs, 7 (%) 8 (8.5) 19 (4.5) 0.110 (2.5487) 99 (23.3) 121 (10.2) <0.001 (46. 229T

“Mann-Whitney U test. " Chi-squared test. CHD: Coronary heart disease; DBP: Diastolic blood pressure; FBG: Fasting blood glucose; HDL: High-
density lipoprotein; ICAS: Intracranial arterial stenosis; IQR: Interquartile range; LDL: Low-density lipoprotein; PLR: Platelet-to-lymphocyte ratio;
SBP: Systolic blood pressure; sta: Statistics; TC: Total cholesterol; TG: Triglyceride.

(1.278-2.275) in the fourth quartile [Figure 2A]. The fourth
(P < 0.001) PLR quartile was significantly associated with
ICAS. We also conducted the trend test and finally obtained
the P value for trend (P < 0.001) which was significant, and
the test also indicated a dose-response relationship between
the PLR and the risk of suffering ICAS. In addition, repeated
analyses were performed separately in participants from the
two different clinical departments, and similar results were
obtained [Supplementary Table 3, http:/links.lww.com/
CM9I/B118].

To remove the potential impact of CRP on the relationship
between the PLR and ICAS, sensitivity analysis was
further conducted on participants who completed the CRP
test. In this analysis, we added CRP to the multivariate-

adjusted models and found that the results remained stable
[Supplementary Table 4, http:/links.lww.com/CM9/
B118].

Association of the PLR and ICAS in the mid-life and late-life
groups

Inthe late-life group, the PLR wasa significant risk factor for
ICAS in regression analysis (OR 1.006, 95% CI 1.003-
1.008, P < 0.001). However, no association between the
PLR and ICAS was observed in the mid-life group (OR
1.001, 95% CI10.995-1.007, P = 0.650). When referenced
to the first quartile, higher PLR levels had a significant
association with the risk of ICAS in the late-life group. The
OR was 0.893 (95% CI 0.635-1.257; P =10.518) for the
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Table 3: Multivariate-adjusted OR and 95% Cl for ICAS in mid-life and late-life groups.

Total (n=2134)

Mid-life group (n=519) Late-life group (n=1615)

Characteristic Univariate, OR (95% Cl) P value Multi-OR (95% CI) P value Multi-OR (95% CI) P value Multi-OR (95% CI) P value
Age 1.024 (1.015-1.033) <0.001 1.020 (1.011-1.030)  <0.001 1.026 (0.979-1.077) 0.288 1.017 (1.003-1.032) 0.015
Male 1.046 (0.854-1.278) 0.664 - - - - - -
SBP 1.010 (1.006-1.015) <0.001  1.006 (1.001-1.011) 0.021 0.998 (0.987-1.008) 0.666 1.008 (1.003-1.013) 0.004
DBP 0.998 (0.992-1.001) 0.300 - - - - - -
FBG, mmol/L 1.094 (1.054-1.134) <0.001 1.070 (1.020-1.123) 0.006 1.015 (0.991-1.126) 0.787 1.093 (1.034-1.156) 0.002
TG, mmol/L 0.985 (0.895-1.069) 0.737 - - - - - -
TC, mmol/L 1.023 (0.947-1.104) 0.562 - - - - - -
HDL, mmol/L 0.617 (0.445-0.834) 0.003 0.629 (0.452-0.846) 0.004 0.646 (0.273-1.321) 0.288 0.640 (0.447-0.881) 0.010
LDL, mmol/L 0.994 (0.926-1.017) 0.710 - - - - - -
Hypertension 1.454 (1.136-1.877) 0.003 1.201 (0.914-1.588) 0.193 1.395 (0.776-2.579) 0.276 1.154 (0.847-1.585) 0.369
Diabetes 1.574 (1.285-1.927) <0.001  1.150 (0.878-1.502) 0.307 1.292 (0.675-2.434) 0.432 1.107 (0.820-1.489) 0.502
CHD 1.189 (0.970-1.455) 0.095 - - - - - -
Acute ischemic stroke 1.707 (1.383-2.115) <0.001  1.601 (1.282-2.006)  <0.001  2.119 (1.261-3.678) 0.006 1.503 (1.174-1.930) 0.001
Smoking 0.970 (0.785-1.194) 0.773 - - - - - -
Drinking 0.991 (0.785-1.244) 0.937 - - - - - -
Lipid-lowering drugs 2.745 (2.083-3.609) <0.001  2.219 (1.652-2.975)  <0.001  1.592 (0.618-3.785) 0.309 2.333 (1.702-3.196)  <0.001
PLR 1.005 (1.003-1.007) <0.001  1.005 (1.003-1.007)  <0.001  1.001 (0.995-1.007) 0.650 1.006 (1.003-1.008)  <0.001

CHD: Coronary heart disease; CI: Confidence interval; DBP: Diastolic blood pressure; FBG: Fasting blood glucose; HDL: High-density lipoprotein;
LDL: Low-density lipoprotein; Multi-OR: Multivariate OR; OR: Odds ratio; PLR: Platelet-to-lymphocyte ratio; SBP: Systolic blood pressure; TC:

Total cholesterol; TG: Triglyceride.
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Figure 2: Multivariate-adjusted OR and 95% Cl for ICAS according to PLR levels. (A) All participants, (B) late-life group, (C) mid-life group, (D) stroke group, and (E) non-stroke group. Cl:
Confidence interval; ICAS: Intracranial arterial stenosis; OR: Odds ratio; PLR: Platelet-to-lymphocyte ratio.

second quartile, 1.106 (95% CI 0.791-1.546; P =0.556)
for the third quartile, and 1.831 (95% CI 1.327-2.527;
P <0.001) for the fourth quartile (P for trend < 0.001)
[Figure 2B|. However, no significant association mentioned
above was found in the mid-life group [Figure 2C]. The
results indicated that the relationship between the PLR and
ICAS did differ significantly in different age subgroups.

Association of the PLR and ICAS in the stroke and non-
stroke groups

In the multivariate logistic regression model, an elevated
PLR was associated with ICAS in the stroke (OR 1.003,
95% CI 1.002-1.008, P < 0.001) and non-stroke groups
(OR 1.005, 95% CI 1.001-1.009, P=0.027) [Supple-

mentary Table 5, http:/links.lww.com/CM9/B118]. In
addition, taking the first quartile as a reference, the fourth
PLR quartile had the most significant association with
ICAS in both the stroke (OR 1.698,95% CI 1.198-2.407,
P =0.003) [Figure 2D] and non-stroke groups (OR 1.809,
95% CI 1.075-3.045, P=0.025) [Figure 2E]|. In both
groups, the P values for trend were still remarkable. These
findings indicated that the relationship between an
increased PLR and ICAS remained unchanged, regardless
of stroke status.

Discussion

Our results indicated high levels of PLR were associated
with the occurrence of ICAS. Moreover, an association
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between the PLR and ICAS was found in the late-life
group, but not in the mid-life group. In addition,
regardless of stroke status, the risk of ICAS increased
with an increase in the PLR. We are the first to explore the
association between the PLR and ICAS.

The PLR, which has been recognized as a systemic
inflammatory marker, is easily obtained by measuring the
whole blood count. Moreover, the PLR is an integrated
reflection of inflammatory and thrombotic pathways.!'®!
Atherosclerosis is a chronic inflammatory disease, and
multiple inflammatory cells and inflammatory factors play
a significant role in its pathogenesis.!'”! Previous research
has rarely focused on both PLR and ICAS. However, an
association of the PLR with atherosclerotic stenosis was
demonstrated in the coronary artery and carotid artery. In
a large-scale study,!'®! the results revealed that the PLR
was positively correlated with the severity of CAD and
CRP levels. Furthermore, a greater PLR was demonstrated
to be an independent predictor for more severe CAD.
Varim et al’st'”! study showed that the PLR of patients in
the critical carotid stenosis group was higher than that in
the non-critical carotid stenosis group. Moreover, they
found that PLR had an important predictive value for
critical stenosis in the carotid arteries. These results were
consistent with our finding of the association of high levels
of PLR with the presence of ICAS.

Platelets play a major role in the initiation, progression,
and destabilization of atherosclerotic plaques.***!" An
expanding body of evidence indicates that platelets bind to
the surface of endothelial cells and secrete pro-inflamma-
tory chemokines to recruit circulating monocytes. The
recruitment of monocytes into subendothelial spatium and
their differentiation into macrophages initiate the process
of atherosclerosis./*?! Moreover, activated platelets release
inflammatory mediators that promote inflammation at the
site of a vascular lesion.”?! What is more, plaque
disruption exposes extracellular matrix proteins, thereby
triggering a rapid accumulation of circulating platelets.
This process can promote the progression and instability
of atherosclerotic glaques, and the transition to the
thrombotic phase.** Previous studies have suggested that
ongoing inflammatory conditions promote the prolifera-
tion in megakaryocytic series.!*’! Platelet indices including
platelet count, mean platelet volume, and soluble
mediators released by activated platelets are associated
with atherosclerosis, which has been well documented.!?®!
Moreover, a high platelet count has been Broposed to have
prognostic value for cardiovascular risk.”*”! Low lympho-
cyte count (LLC) is a general feature of the inflammatory
process. Clinical and animal studies have demonstrated
that LLC can accelerate the progression of atherosclero-
sis.[*®! An LLC has been identified as a predictor for worse
outcomes in patients with heart failure and CAD.!?%>30!
Various mechanisms underlying lymphopenia have been
proposed, including a direct effect of elevated serum levels
of cortisol and catecholamines that occur during a
systemic stress response./*®! In addition, in atherosclerotic
lesions, lymphocyte apoptosis occurs and plays an
increasingly important role in the formation of athero-
sclerotic plaques, eventually promoting plaque growth,
lipid core development, plaque rupture, and thrombo-
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sis.®!" PLR integrates the predictive risk of both

thrombosis and inflammation, and it is more stable than
lymphocyte or platelet counts alone.

Since age is the main risk factor for ICAS,*?! we
performed age subgroup analyses to remove the potential
impact of age on ICAS. The results showed that age
affected the association between the PLR and ICAS. With
increasing age, arterial walls show complex structural
changes, including an inversion of the elastin/collagen
ratio and the non-enzymatic glycosylation of some
proteins present in the arterial wall, which increases
mechanical vessel rigidity and stiffness.**! Furthermore,
due to increased oxidative stress, age-accelerated vascular
injury results in inflammation and endothelial dysfunc-
tion, but no definite mechanisms have been identified.**!
All situations mentioned above may contribute to the
predisposition of ICAS in the elderly population. An age-
related effect on the correlation between the PLR and
CAD was found in a study by Trakarnwijitr et al'>*!. The
result of a positive correlation in older (age >55 years)
patients was consistent with our finding in the late-life
group. However, a negative association found in younger
(age <55 years) patients was not in line with our finding in
mid-life participants. The reasons for the conflicting
results in younger patients were unclear but may be due to
the differences in age and racial composition. Another
crucial reason might be the differences in the structure and
function of arteries.

In this study, we investigated whether the relationship
between the PLR and ICAS was affected by an acute
ischemic stroke. In the subgroup analyses stratified by
acute ischemic stroke, we found that a higher PLR was
associated with ICAS, regardless of whether the partic-
ipants had an acute ischemic stroke. The PLR appeared to
be a better discriminator for identifying ICAS risk in
stroke patients and non-stroke patients. Therefore, the
results from our study may be beneficial to improving
preventive strategies for the occurrence or recurrence of
ischemic events.

Several limitations exist in our study. First, we adopted a
cross-sectional design. The specific causal association
between the PLR and ICAS was difficult to establish.
Therefore, our findings need to be confirmed by further
prospective studies. Second, only MRA, which is not as
accurate as catheter angiography, was used to evaluate
arterial stenosis. Third, only Chinese Han adults were
included in our analysis. Additional research in diverse
populations to confirm our findings is essential.

Conclusions

The results indicated that an elevated PLR was associated
with a higher risk of ICAS in a Chinese Han population.
The association of PLR and ICAS was observed in the
patients 60 years old and older but not in the patients
under 60 years old. In addition, regardless of stroke status,
the risk of ICAS increased with an increase in the PLR.
Therefore, the findings from our study suggest that PLR
might serve as a potential biomarker for ICAS in the
elderly population.
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