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Abstract
Background: Associations of neutrophil-to-lymphocyte ratio (NLR) and its longitudinal change with risk of fatal strokes are
unclear in older populations.
Methods: In this retrospective analysis, a total of 27,799 participants were included and followed up for a mean of 14.3 years
(standard deviation= 3.2). 838 stroke deaths were recorded. Cox proportional hazards regression was used to assess associa-
tions of NLR with fatal strokes.
Results: Compared to those in the first quartile and after adjustment for a series of factors, the participants in the highest neu-
trophil quartile had an increased risk of fatal all stroke (adjusted hazard ratio (aHR)= 1.45, 95% confidence interval (CI), 1.18–
1.79) and fatal ischaemic stroke (aHR= 1.58, 95% CI, 1.17–2.12). Restricted cubic splines showed an increased trend of relation-
ship between the NLR and fatal all stroke. The participants with the highest NLR quartile had an increased risk of fatal all stroke
(aHR= 1.52, 95% CI, 1.23–1.88) and fatal ischaemic stroke (aHR= 1.59, 95% CI, 1.13–2.26), respectively; Similar associations
repeated after further C-reactive protein adjustment; a 21% and a 32% increased risk of fatal all stroke and fatal ischaemic stroke
showed in a continuous variable model. Those in NLR change with 5% increase had a 70% increased risk of fatal all stroke (aHR=
1.70, 95%CI, 1.13–2.57), compared to those in stable (−5%∼5%).
Conclusions: Higher NLR was associated with an increased risk of fatal all stroke and fatal ischaemic stroke, and its longitudinal
change increase of ≥ 5% was associated with an increased risk of fatal all stroke in a relatively healthy older population.

Keywords
cohort study, stroke, ischaemic, haemorrhagic, neutrophil-to-lymphocyte ratio

Date received: 24 February 2022; revised: 8 April 2022; accepted: 19 April 2022.

Summary box

What is already known on this subject?
White blood cell and neutrophil counts are commonly
inflammatory markers; they have been related to the risk of stroke
events.
What this study adds?
The neutrophil-to-lymphocyte ratio and its longitudinal increased
change were associated with the risk of fatal stroke occurrence in
relatively healthy older populations.
How this study might affect research, practice or policy?
A continuous chronic inflammation increases the risk of fatal
stroke occurrence. The clinicians should pay more attention to
asymptomatic inflammatory characteristics in relatively healthy
older populations.
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Introduction
Stroke has become the second and the leading cause of deaths
worldwide, 20151 and in China, 2013.2 It is classified mainly
as ischaemic and haemorrhagic stroke. Hypertension, diabetes,
and smoking have been known as the shared risk factors of
stroke incidence, and related closely to a chronic inflamma-
tion.3–6 Chronic inflammatory diseases were associated with
an increased risk of stroke,7–9 suggesting that inflammation
runs through the pathophysiological progress in stroke.

The neutrophil-to-lymphocyte ratio (NLR) has been widely
used to predict various causes of death such as cancer,10 coronary
heart disease (CHD)11 and all-cause death.12,13 Current studies
addressing the relationship between the NLR and the risk of fatal
stroke focused mainly on stroke onset, and corresponding results
are inconsistent because of no long period enough for conducting
follow-up.14–16 Such data and information were based on acute
inpatients, and all of tests were conducted after stroke happened.
Thus, the corresponding results should reflect a status under
stress reaction; the NLR should be more likely to direct an acute
inflammation. Such clinical studies revealed that the NLR could
be used as a predictor for future mortality risk of CHD,11 30-
day mortality and morbidity17 and neurological deterioration
(ND)18 after intra-cerebral hemorrhage (ICH), symptomatic hem-
orrhagic transformation (sHT) in acute ischemic stroke,19 and post-
stroke cognitive impairment (PSCI).20 Additionally, higher total
white blood cell and neutrophil counts were related to an increased
risk of fatal stroke occurrence in a relative healthy older popula-
tion,21 although it is unclear whether the NLR, especially its lon-
gitudinal change, is associated with the risk of fatal stroke
occurrence. Here, we aimed to systematically assess the relation-
ship between the NLR, its longitudinal change and future risk of
fatal all stroke, fatal ischaemic or haemorrhagic stroke occurrences
in a relatively healthy older population.

Methods

Study Design, Data Source and Participants
This is a retrospective analysis of fatal stroke occurrences in the
Guangzhou Biobank Cohort Study (GBCS) from September 30th,
2003 to April 13th, 2021. All GBCS participants were recruited
from a population of permanent residents aged 50 years or older
in Guangzhou in southern China. Details of the GBCS have been
reported previously.22 The baseline (from September 30th, 2003 to
February 28th, 2008) and follow-up information included a
face-to-face computer-assisted interview by trained nurses on life-
style, the family and personal medical history; assessments of anthro-
pometric data and blood pressure; and a series of laboratory tests.
Each participant had made an appointment in advance to ensure
good health, was able to go to the designated place, and had to sit
and rest for at least half an hour before sampling and examination.

Exposure Indicators
The blood cell counts were performed with a counter (KX-21,
Sysmex, Japan) in Guangzhou Twelfth People’s Hospital. The

neutrophil (NEUT) and the lymphocyte (LYM) counts were deter-
mined automatically. The NLR was calculated accordingly from
the NEUT and the LYM counts. Fasting glucose, cholesterol, tri-
glycerides, liver and kidney function and high-sensitivity
C-reactive protein (hs-CRP) were measured with an analyzer
(Cobas c-311, Roche, Switzerland). The hospital laboratory per-
forms internal and external quality control procedures according
to the China Association of Laboratory Quality Control.

Study Outcomes and Potential Confounders
Information on underlying causes of death up to April 13th, 2021,
was obtained mostly via record linkage with Guangzhou Centers
for Disease Control and Prevention (GZCDC). Because there
was no other information for stroke severity, infarct volume, site
of lesion and infectious complications, fatal stroke occurrence
was chosen as the primary outcome of this study. Death causes
were coded according to the 10th revision of the International
Classification of Diseases (ICD) as follows: I60–I69 for stroke;
I60.0–I62.9 and I69.0–I69.2 for haemorrhagic stroke; I63.0–I63.9
and I69.3 for ischaemic stroke; and the other codes for unclassified
stroke.When the death certificates were not issued bymedical insti-
tutions, the causes were verified by the GZCDC as part of their
quality assurance programmed by cross-checking past medical
history and conducting verbal autopsy by 5 senior clinicians
from Guangzhou Twelfth People’s Hospital, the Universities of
Hong Kong, China and Birmingham, UK. To examine the extent
to which baseline factors in relation to the risks of stroke, ischaemic
and haemorrhagic stroke, we included the factors in different
models. Model 1 was a crude hazard ratio model without adjust-
ment for any confounders. Model 2 contained a multivariate adjust-
ment for factors including sex, age, smoking (never, former and
current), alcohol consumption (never, former and current),
International Physical Activity Questionnaire-assessed physical
activity (inactive, moderate and active),23 body mass index (BMI,
defined as weight in kg÷height in m2), self-rated health, hyperten-
sion, diabetes, dyslipidaemia, cancer, Genitourinary disease (GD),
chest disease and the platelet count. Model 3 included hs-CRP as a
competing confounder in addition to the confounders in model 2.

Statistical Analysis
The NEUTs, the LYMs and the NLRs were classified by quar-
tiles, respectively: the first quartile (<3.0*10^9/L), the second
quartile (3.0–3.6*10^9/L), the third quartile (3.7–4.4*10^9/L)
and the fourth quartile (>4.5*10^9/L) for the NEUTs; the first
quartile (<1.8*10^9/L),the second quartile (1.8–2.1*10^9/L),
the third quartile (2.2–2.5*10^9/L) and the fourth quartile
(>2.5*10^9/L) for the LYM; the first quartile (≤1.39), the
second quartile (1.40–1.75), the third quartile (1.76–2.23) and
the fourth quartile (≥ 2.24) for the NLR; and the NLR was then
analyzed as a continuous parameter using a restricted cubic
splines curvemodel (RCS), and as a dichotomous variable and con-
tinuous variable respectively: 3 knots at the 10th, the 50th, and the
90th percentiles for the RCS; ≤1.75 versus > 1.75 for a dichoto-
mous variable. For longitudinal NLR changes, we chose one
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follow up closest to baseline, thus only those who participated in
the first follow-up (from March 2008 to December 2012) were
included, and the follow-up period started from baseline
(September 2003 to February 2008); an exposure period was there-
fore followed by the beginning of baseline. The group (±5%) was
formed, from those with two exposures and those who survived.
Continuous variables are presented as the mean± standard devia-
tion, and categorical variables were described by frequency and
percentage. The chi-squared and Fisher’s exact test were used for
categorical variables, and analysis of variance (ANOVA) and the
Kruskal-Wallis test were used for continuous variables. Based on
the results of the crude hazard ratio model analysis, a sensitivity
analysis was conducted in which model 2 and model 3 were
repeated for the participants without CVD at baseline and further
adjustment for hs-CRP. All analyses were performed using
STATA (Version 14.0; StataCorp LP, College Station, TX,
USA). All p values were 2 sided, and statistical significance was
defined as p<0.05; p values for trends in the models were calcu-
lated as ordinal scores from the second, the third and the fourth
quartiles when taking the first quartile as the reference.

Results

Baseline Characteristics
In total, 30,430 participants were screened. Among the data exclu-
sions, there were 286 because of a previous history of stroke, 315
because of an unclear stroke history, 372 because of loss to
follow-up with unknown vital status, 1658 because of incomplete
information on the NEUT, the LYM and platelet counts, hyperten-
sion, diabetes, dyslipidaemia, smoking, alcohol consumption,
physical activity, BMI, self-rated health, cancer, GD or chest
disease. A total of 27,799 participants who were free of stroke at
baseline were included in this study. After a mean follow-up

time of 14.3 (standard deviation=3.2) years with 320,859 person-
years, 838 stroke deaths (413 ischaemic, 264 haemorrhagic and
161 unclassified) were recorded (Figure 1).

The baseline characteristics of the participants are presented
in Table 1. Compared to the population in the first NLR quar-
tile, the populations in the highest NLR included more men,
were older, had more hypertensive, current smoking and
drinker, diabetes; had less physical activity, dyslipidaemia,
GD and had poorer self-rated health.

The NEUT and the LYM in Relation to the Risk of Fatal
Stroke Occurrence
Prior to the NLR analysis, we observed that those in the highest
NEUT quartile had a significant association with an increased
risk for fatal all stroke (adjusted HR (aHR)= 1.45, 95% CI
1.18–1.79, P<0.001), fatal ischaemic stroke (aHR=1.58, 95%
CI 1.17–2.12, P=0.003) and unclassified stroke (aHR=
1.81,95% CI 1.06–3.08, P= 0.03), while no significant association
was obtained between the LYM and the risk of fatal strokes after
adjustments for a series of factors (Supplementary Table 1).

The NLR in Relation to the Risk of Fatal Stroke
Occurrence
In a restricted cubic splines model, there is an increased trend of the
relationship between the NLR and the risk of fatal all stroke occur-
rence, and the cutoff value of NLR level was of 1.90 after a mul-
tivariable adjustment were made (Figure 2). In both Table 2 and
Supplementary Figure 1, the NLRs had an increasing trend for
risks of fatal all stroke (P for trend <0.001) and fatal ischaemic
stroke (P for trend=0.003); the participants in the fourth NLR
quartile had respectively an increased risk of fatal all stroke (aHR
=1.52, 95% CI 1.23–1.88, P<0.001) and fatal ischaemic stroke
(aHR=1.64, 95% CI 1.22–2.21, P=0.001) after adjustment for
a series of factors. Similar results were observed for fatal all
stroke (men: aHR=1.59, 95% CI 1.13–2.26, P=0.008; women:
aHR=1.45, 95% CI 1.11–1.90, P=0.007) and fatal ischaemic
stroke (women: aHR=1.71, 95% CI 1.15–2.55, P=0.008).
Table 3 and Supplementary Figure 2A show higher NLRs in rela-
tion to an increased risk of fatal all stroke (aHR=1.58, 95% CI
1.16–2.15, P=0.004) and fatal ischaemic stroke (aHR=1.96,
95% CI 1.27–3.04, P=0.003), and an increasing trend was
obtained for fatal all stroke (P=0.005) and fatal ischaemic stroke
(P=0.008) after further hs-CRP adjustment.

Additionally, the participants in NLRs >1.75 had an
increased risk of fatal all stroke (aHR= 1.43, 95% CI 1.16–
1.75, P= 0.001) and fatal ischaemic stroke (aHR= 1.55, 95%
CI 1.16–2.09, P= 0.003), compared to those in NLR≤1.75;
Similar results for fatal all stroke (aHR= 1.21 95% CI 1.11–
1.32, P< 0.001) and fatal ischaemic stroke (aHR= 1.32 95%
CI 1.18–1.47, P< 0.001) were observed when the NLRs were
conducted as a continuous variable (Supplementary Table 2,
Supplementary Figure 2B and 2C).

Figure 1. Flow diagram of participants selected for the analysis of
this study.
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The NLR Changes in Relation to the Risk of Fatal Stroke
Occurrence
The basic characteristics of the participants at the 1stfollow-up are
shown in Supplementary Table 3. Compared to those with a stable
NLR (from−5% to 5%), the population with a NLR gain (at >5%)
had higher proportions of active activity, hypertension, chest dis-
eases and NEUT counts; lower proportions of, physical activity;
and lower LYM counts (all P<0.05). Table 4 and
Supplementary Figure 3 show the association between the risk
of fatal stroke and the NLR change from baseline (from
September 2003 to February 2008) to the first follow-up (from
March 2008 to December 2012). The participants with NLR

increase in excess of 5% had a significant risk of fatal all stroke
(aHR=1.70, 95% CI 1.13–2.57, P=0.01), compared to the
stable participants.

Discussion
In this study, we found that higher NLR and its change were
associated with an increased risk of fatal stroke occurrence,
and the associations were independent of age, sex, hyperten-
sion, diabetes, dyslipidaemia, smoking, alcohol consumption,
physical activity, BMI, self-rated health, cancer, GD, chest
disease, platelet count and hs-CRP. This is the first report dres-
sing the relationship between the NLR and its change and the

Table 1. Baseline characteristics by the NLR quartiles of participants in the GBCS (n= 27,799).

Characteristic

the NLR quartiles

P
the first
(≤1.39)

the second
(1.40–1.752)

the third
(1.76–2.23)

the fourth
(≥2.24)

Number, n 6909 7007 6910 6973
Age (years) 60.8± 6.7 61.5± 6.9 62.2± 7.1 63.5± 7.4 <0.001
Sex, male (%) 1305 (18.9%) 1670 (23.8%) 1982 (28.7%) 2670 (38.3%) <0.001
Hypertension, n (%) 1698 (24.6%) 1898 (27.1%) 2048 (29.6%) 2170 (31.1%) <0.001
Diabetes, n (%) 763 (11.0%) 863 (12.3%) 935 (13.5%) 1067 (15.3%) <0.001
Dyslipidemia, n (%) 5875 (85.0%) 5842 (83.4%) 5731 (82.9%) 5567 (79.8%) <0.001
Smoking, n (%) <0.001

never 5997 (86.8%) 5888 (84.0%) 5500 (79.6%) 5131 (73.6%)
ever 459 (6.6%) 547 (7.8%) 635 (9.2%) 878 (12.6%)
current 463 (6.6%) 572 (8.2%) 775 (11.2%) 964 (13.8%)

Alcohol drinking, n (%) <0.001
never 4965 (71.9%) 4982 (71.1%) 4807 (69.6%) 4777 (68.5%)
ever 127 (1.8%) 143 (2.0%) 161 (2.3%) 209 (3.0%)
current 1817 (26.3%) 1882 (26.9%) 1942 (28.1%) 1987 (28.5%)

Body mass index, kg/㎡ <0.001
<18.5 279 (4.0%) 272 (3.9%) 292 (4.2%) 403 (5.8%)
18.5–23.9 3535 (51.2%) 3446 (49.2%) 3421 (49.5%) 3540 (50.8%)
24–27.9 2432 (35.2%) 2552 (36.5%) 2491 (36.0%) 2372 (34.0%)
≥28 663 (9.6%) 732 (10.4%) 706 (10.3%) 658 (9.4%)

Physical activity, n (%) <0.001
inactive 601 (8.7%) 566 (8.1%) 536 (7.8%) 552 (7.9%)
moderate 2649 (38.3%) 2827 (40.3%) 2853 (41.2%) 3009 (43.2%)
active 3659 (53.0%) 3614 (51.6%) 3521 (51.0%) 3412 (48.9%)

Self-rated health, n (%) 5771 (83.5%) 5861 (83.6%) 5673 (82.1%) 5663 (81.2%) <0.001
(good/very good)
Cancer, n (%) 152 (2.2%) 141 (2%) 120 (1.8%) 125 (1.8%) 0.27
GD, n (%) 1970 (28.5%) 1907 (27.2%) 1765 (25.5%) 1776 (25.2%) <0.001
Chest disease, n (%) 1081 (15.6%) 998 (14.2%) 1034 (15.0%) 1100 (15.8%) 0.04
NEUT, *10^9/L 2.8± 0.77 3.5± 0.80 4.0± 0.93 5.0± 1.42 <0.001
Lym, *10^9/L 2.5± 0.64 2.2± 0.50 2.0± 0.47 1.7± 0.45 <0.001
Platelet, *10^9/L 221.4± 54.1 226.3± 56.8 228.2± 55.9 233.2± 66.2 <0.001
hsCRP, mg/L 2.9± 2.5 3.2± 2.6 3.6± 2.8 4.2± 3.2 <0.001
All stroke, n (%) 129 (1.9%) 169 (2.4%) 240 (3.5%) 300 (4.3%) <0.001
Ischaemic stroke, n (%) 63 (0.9%) 82 (1.2%) 105 (1.5%) 163 (2.3%) <0.001
Haemorrhagic stroke, n (%) 48 (0.7%) 54 (0.8%) 77 (1.1%) 85 (1.2%) 0.001
Unclassified stroke, n (%) 18 (0.3%) 33 (0.5%) 58 (0.8%) 52 (0.7%) <0.001

Hypertension: systolic blood pressure, ≥140 mm Hg, diastolic blood pressure, ≤90 mm Hg, medication or diagnosis; diabetes: fasting blood glucose ≥7, medication
or diagnosis; dyslipidaemia: total cholesterol ≥5.2 mmol/L, triglyceride ≥1.7 mmol/L, low density lipoprotein ≥3.4 mmol/L, high density lipoprotein <1.0 mmol/L,
medication or diagnosis; hs-CRP: high-sensitivity C-reactive protein; NLR: neutrophil to lymphocyte ratio; NEUT: neutrophil; Lym: lymphocyte; GD: Genitourinary
disease (including nephropathy, prostatic disease, and gynecologic diseases); chest disease: including COPD, chronic bronchitis, emphysema, asthma, tuberculosis,
and pneumonia.
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risk of fatal stroke occurrence in a relatively healthy older
population.

Among ischaemic and haemorrhagic stroke the former
accounts for more than 80%.24 In fact, chronic inflammation
has come out prior to stroke onset and will follow after stroke
happened.25 Inflammatory response has also been known as a
mechanism in which both the susceptibility and outcome was
altered in stroke.26 The NLR has been linked to a cardiovascular
or stroke disease.14–16,27

Atherosclerosis is accompanied by a chronic vascular wall
inflammation or endothelial dysfunction, and its plaque was
known as the most common cause for ischaemic stroke.28

Neutrophil promote a rupture or erosion of atherosclerotic
plaques, lead to thrombosis and trigger acute stroke
events.29,30 The NETs (neutrophil extracellular traps) and the
main components were significantly increased in acute ischae-
mic stroke31 and thrombus, especially in cardiogenic cerebral
embolism.32The B2 cells (a type of lymphocyte) contributed
to atherosclerosis progress, but the B1a cells (a type of lympho-
cyte) played a role of anti-atherosclerotic.33 Higher NLR was an
independent predictor for intracranial atherosclerosis,34 and
was associated with an increased risk of ischaemic stroke
among Korean aged 30–75 years,35 and the subjects with arte-
rial fibrillation but without a history of stroke and transient
ischaemic attack.36 We observed not only higher NLR but
also higher its change was associated with an increased risk

of fatal all stroke and fatal ischaemic stroke. These results are
mutual proofs in connection with the roles of total white
blood cell and neutrophil in the risk of fatal stroke,21 it suggests
that a chronic “low-grade” systematic inflammation and inflam-
matory response has being happened prior to stroke occurrence.

Unlike previous clinical studies revealing a predictor role of
NLR on 30-day mortality and morbidity17 and ND18 after ICH,
sHT after acute ischemic stroke,19 and PSCI after stroke,20 our
work focused on relative healthy older populations and
explored the relationship between the NLR and the risk of
fatal stroke occurrence, which have expanded the NLR” practi-
cal applications in not only prognosis and judgment on patients
with strokes but also forewarning a burden of pre-existing
chronic low-grade systemic inflammation, especially in a
large cities’ relative healthy older population. This is because
a series of study data from relatively healthy elders in south
China, and each participant had been made an appointment in
advance to ensure good health and was able to come the desig-
nated place by himself/herself.22 Additionally, individuals have
different white blood cell background, which can fluctuate by
15% within one day. Therefore, we considered unhealthy con-
ditions, random walks and native operation bias as being factors
that were related to WBC variation in the baseline and the first
follow-up, and each participant had enough time to rest for sam-
pling, and be measured by a fixed analyzer. Our results appear
to be consistent with the existing body of literature highlighting

Figure 2. Association of NLR with the risk of fatal stroke with the RCS model (n= 27,799). The solid blue line is the multivariable adjusted
hazard ratio, with dashed lines showing 95% confidence intervals with three knots. A multivariate model, adjusted for sex, age, diabetes,
hypertension, dyslipidaemia, smoking, alcohol consumption, physical activity, body mass index, self-rated health, cancer, genitourinary diseases,
chest disease and platelet count, was used.
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Table 2. Association of the NLRs with fatal stroke occurrence in the GBCS (n= 27,799).

the NLR quartiles

the first
(≤1.39)

the second
(1.40−1.752)

the third
(1.76−2.23)

the fourth
(≥2.24)

All stroke
overall

Model 1 (HR, 95% CI) 1.00 1.28 (1.02−1.61), P= 0.03 1.89 (1.52−2.34), P< 0.001 2.44 (1.98−2.99), P< 0.001
Model 2 (HR, 95% CI) 1.00 1.14 (0.91−1.44), P= 0.24 1.45 (1.17−1.80), P= 0.001 1.52 (1.23−1.88), P< 0.001

P for trend <0.001
men

Model 1 (HR, 95% CI) 1.00 1.13 (0.76−1.68), P= 0.54 1.59 (1.10−2.28), P= 0.01 1.97 (1.39−2.78), P< 0.001
Model 2 (HR, 95% CI) 1.00 1.12 (0.75−1.67), P= 0.56 1.46 (1.01−2.11), P= 0.04 1.59 (1.13−2.26), P= 0.008

P for trend 0.01
Women

Model 1 (HR, 95% CI) 1.00 1.28 (0.97−1.70), P= 0.08 1.84 (1.41−2.41), P< 0.001 2.20 (1.70−2.87), P< 0.001
Model 2 (HR, 95% CI) 1.00 1.16 (0.87−1.54), P= 0.30 1.45 (1.11−1.90), P= 0.006 1.45 (1.11−1.90), P= 0.007

P for trend 0.01
Ischemic stroke
overall

Model 1 (HR, 95% CI) 1.00 1.28 (0.92−1.77), P= 0.14 1.69 (1.24−2.32), P= 0.001 2.73 (2.04−3.65), P< 0.001
Model 2 (HR, 95% CI) 1.00 1.13 (0.82−1.58), P= 0.45 1.27 (0.93−1.74), P= 0.13 1.64 (1.22−2.21), P= 0.001

P for trend 0.003
men

Model 1 (HR, 95% CI) 1.00 0.95 (0.56−1.60), P= 0.84 1.31 (0.8\1−2.12), P= 0.27 1.83 (1.17−2.86), P= 0.008
Model 2 (HR, 95% CI) 1.00 0.94 (0.55−1.59), P= 0.81 1.18 (0.73−1.92), P= 0.50 1.48 (0.95−2.32), P= 0.08
P for trend 0.09

women
Model 1 (HR, 95% CI) 1.00 1.40 (0.92−2.13), P= 0.12 1.68 (1.11−2.54), P= 0.01 2.67 (1.81−3.94), P< 0.001
Model 2 (HR, 95% CI) 1.00 1.27 (0.83−1.93), P= 0.27 1.31 (0.86−1.98), P= 0.20 1.71 (1.15−2.55),P= 0.008

P for trend 0.05
Hemorrhagic stroke
overall

Model 1 (HR, 95% CI) 1.00 1.11 (0.75−1.64), P= 0.60 1.64 (1.15−2.36), P= 0.007 1.88 (1.32−2.68), P < 0.001
Model 2 (HR, 95% CI) 1.00 1.02 (0.69−1.51), P= 0.90 1.34 (0.93−1.93), P= 0.11 1.29 (0.90−1.86), P= 0.16

P for trend 0.24
men

Model 1 (HR, 95% CI) 1.00 1.81 (0.79−4.13), P= 0.16 1.99 (0.89−4.45), P= 0.09 2.99 (1.41−6.35), P= 0.004
Model 2 (HR, 95% CI) 1.00 1.85 (0.81−4.24), P= 0.14 1.92 (0.86−4.28), P= 0.11 2.52 (1.18−5.36), P= 0.01

P for trend 0.09
women

Model 1 (HR, 95% CI) 1.00 0.92 (0.58−1.45), P= 0.72 1.53 (1.01−2.31), P= 0.04 1.33 (0.85−2.07), P= 0.20
Model 2 (HR, 95% CI) 1.00 0.85 (0.54−1.35), P= 0.49 1.26 (0.83−1.90), P= 0.27 0.94 (0.60−1.48), P= 0.81
P for trend 0.29

Unclassified stroke
overall

Model 1 (HR, 95% CI) 1.00 1.80 (1.01−3.20), P= 0.04 3.38 (1.94−5.57), P < 0.001 3.06 (1.79−5.23), P < 0.001
Model 2 (HR, 95% CI) 1.00 1.56 (0.88−2.77), P= 0.13 2.45 (1.44−4.18), P= 0.001 1.78 (1.03−3.06), P= 0.04

P for trend 0.006
Men

Model 1 (HR, 95% CI) 1.00 1.05 (0.42−2.62), P= 0.91 2.09 (0.94−4.64), P= 0.07 1.45 (0.64−3.25), P= 0.37
Model 2 (HR, 95% CI) 1.00 1.00 (0.40−2.50), P= 0.09 1.89 (0.85−4.22), P= 1.12 1.08 (0.48−2.45),P= 0.85

P for trend 0.14
women

Model 1 (HR, 95% CI) 1.00 2.30 (1.09−4.86), P= 0.03 3.78 (1.86−7.68), P< 0.001 4.04 (1.86−7.68), P< 0.001
Model 2 (HR, 95% CI) 1.00 2.07 (0.98−4.37), P= 0.05 2.91 (1.43−5.91), P= 0.003 2.47 (1.19−5.11), P= 0.01

P for trend 0.03

NLR: neutrophil to lymphocyte ratio; model 1: a crude hazard ratio model without adjustments; model 2: a multivariate model adjusted for age, sex, diabetes,
hypertension, dyslipidaemia, smoking, alcohol consumption, physical activity, body mass index, self−rated health, cancer, genitourinary disease (nephropathy,
prostatic disease, and gynecologic diseases) and chest disease (COPD, chronic bronchitis, emphysema, asthma, tuberculosis, and pneumonia), and platelet count.
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Table 3. Association of NLRs with fatal stroke occurrence among participants without CVD at baseline and further hs-CRP adjustment (n=
10,991).

the NLR quartiles

the first
(≤1.39)

the second
(1.40−1.752)

the third
(1.76−2.23)

the fourth
(≥2.24)

All stroke
Model 1 (HR, 95% CI) 1.00 1.32 (0.95−1.84), P= 0.09 2.00 (1.48−2.72), P< 0.001 2.30 (1.70−3.11), P< 0.001
Model 3(HR, 95% CI) 1.00 1.21 (0.87−1.69), P= 0.25 1.62 (1.19−2.20), P= 0.002 1.58 (1.16−2.15), P= 0.004
P for trend 0.005

Ischaemic stroke
Model 1 (HR, 95% CI) 1.00 1.30 (0.80−2.11), P= 0.28 1.85 (1.18−2.90), P= 0.007 2.79 (1.82−4.27), P< 0.001
Model 3(HR, 95% CI) 1.00 1.21 (0.75−1.97), P= 0.43 1.51 (0.96−2.38), P= 0.07 1.96 (1.27−3.04), P= 0.003
P for trend 0.008

Haemorrhagic stroke
Model 1 (HR, 95% CI) 1.00 1.03 (0.59−1.78), P= 0.93 1.61 (0.98−2.65), P= 0.06 1.42 (0.85−2.37), P= 0.18
Model 3(HR, 95% CI) 1.00 0.95 (0.55−1.65), P= 0.85 1.33 (0.81−2.21), P= 0.26 1.02 (0.60−1.72), P= 0.95

P for trend 0.44
Unclassified stroke

Model 1 (HR, 95% CI) 1.00 2.47 (1.04−5.87), P= 0.04 4.13 (1.83−9.34), P= 0.001 3.58 (1.56−8.19), P= 0.003
Model 3(HR, 95% CI) 1.00 2.20 (0.92−5.25), P= 0.07 3.11 (1.37−7.05), P= 0.007 2.14 (0.92−4.97), P= 0.07

P for trend 0.04

NLR: neutrophil to lymphocyte ratio; hs-CRP: high-sensitivity C-reactive protein; CVD: cerebrovascular disease (including coronary heart disease, angina,
myocardial infarction and peripheral vascular disease); model 1: a crude hazard ratio model without adjustments; model 3:a multivariate model adjusted for age, sex,
diabetes, hypertension, dyslipidemia, smoking, alcohol consumption, physical activity, body mass index, self-rated health, cancer, and genitourinary disease
(nephropathy, prostatic disease, and gynecologic diseases), chest disease (COPD, chronic bronchitis, emphysema, asthma, and tuberculosis, pneumonia), platelet
count and hs-CRP.

Table 4. Association of NLR change with fatal stroke occurrence in the GBCS (n= 11039).

Loss
(<−5%)

the NLR changes
Stable (− 5% −5%)

Gain
(>5%)

All stroke
Person years 74,337 22,999 72,358
per 10^5 person-years 154.7 117.4 207.3
No. of deaths 115 27 150
Model 1 (HR, 95% CI) 1.30 (0.86−1.98), P= 0.21 Ref. 1.80 (1.19−2.72), P= 0.005
Model 3 (HR, 95% CI) 1.31 (0.86−1.99), P= 0.21 Ref. 1.70 (1.13−2.57), P= 0.01

Ischaemic stroke
Person years 73,820 22,829 71,436
per 10^5 person−years 93.5 52.6 99.4
No. of deaths 69 12 71
Model 1 (HR, 95% CI) 1.77 (0.96−3.26), P= 0.07 Ref. 1.93 (1.05−3.57), P= 0.03
Model 3 (HR, 95% CI) 1.77 (0.96−3.27), P= 0.07 Ref. 1.83 (0.99−3.38), P= 0.05

Haemorrhagic stroke
Person years 73,251 22,801 71,044
per 10^5 person−years 35.5 48.2 59.1
No. of deaths 26 11 42
Model 1 (HR, 95% CI) 0.73 (0.36−1.47), P= 0.37 Ref. 1.24 (0.64−2.42), P= 0.52
Model 3 (HR, 95% CI) 0.70 (0.35−1.43), P= 0.33 Ref. 1.20 (0.62−2.34), P= 0.59

Unclassified stroke
Person years 73,184 22,723 71,032
per 10^5 person−years 27.4 17.6 52.1
No. of deaths 20 4 37
Model 1 (HR, 95% CI) 1.53 (0.52−4.46), P= 0.44 Ref. 3.01 (1.07−8.46), P= 0.03
Model 3 (HR, 95% CI) 1.57 (0.54−4.62), P= 0.41 Ref. 2.82 (1.00−7.95), P= 0.049

NLR: neutrophil to lymphocyte ratio; hs-CRP: high-sensitivity C-reactive protein; Ref: reference; model 1: a crude hazard ratio model without adjustments; model
3: a multivariate model adjusted for age, sex, diabetes, hypertension, dyslipidaemia, smoking, alcohol consumption, physical activity, body mass index, self-rated
health, cancer, genitourinary disease (nephropathy, prostatic disease, and gynecologic diseases) and chest disease (COPD, chronic bronchitis, emphysema, asthma,
tuberculosis, and pneumonia), platelet count, and hs-CRP.
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the adverse cerebrovascular consequences of inflammation,
which indicates that a continuous chronic inflammation
increases the risk of fatal stroke occurrence.

In our study, a mean follow-up of 11.5 years makes this a
large, prospective design for a study of general population in
South China, and individuals completed a physical examination
and questionnaire involving a total of 800 questions. Thus, the
acquired information allows for systemic adjustments for addi-
tional potential confounding factors. However, there are limita-
tions in this study. First, we obtained only the death information
via a record linkage; therefore, our results with death as the only
outcome are obviously weakened due to a lack of analysis on
other clinical outcomes of stroke events. Second, the subjects
could not represent Chinese individuals due to the limitations
involving the general population in South China, other
cohorts and ethnic population should be introduced for further
verified in the future.

Conclusions
Higher NLR and longitudinal NLR increase in excess of 5%
were associated with an increase risk of fatal stroke occurrence;
the clinicians should pay more attention to asymptomatic
inflammatory characteristics in relatively healthy older
population.
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