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Abstract
Background: The neutrophil-to-lymphocyte ratio (NLR) has linked to a mortality risk of coronary heart disease. However, it
is unclear whether the NLR is related to the risk of fatal stroke in a relatively healthy elderly population.

Aims: To evaluate the association between the NLR and the risk of fatal stroke in elderly populations.

Methods: In total, 27811 participants without a stroke history at baseline were included and followed up for a mean of
11.5 (standard deviation=2.3) years. After review of available records, 503 stroke deaths (ischaemic 227, haemorrhagic
172 and unclassi�ed 104) were recorded. Cox proportional hazards regression was used to assess the relationship
between the NLR and future risk of fatal stroke, fatal ischaemic stroke or fatal haemorrhagic stroke.

Results: (1) Compared with those in the 1st quartile and after adjustments for a series of factors, those in the highest
neutrophil (NEUT) quartile had a 45% and a 65% increased risk of fatal stroke (adjusted hazard ratio (aHR)=1.45, 95%
con�dence interval (CI) 1.10-1.89, P=0.008) and fatal ischaemic stroke (aHR=1.65, 95% CI 1.10-2.47, P=0.02),
respectively; while no signi�cant relationship was obtained between the lymphocyte (LYM) and the risk of fatal stroke. (2)
The restricted cubic splines showed an increased trend of relationship between the NLR and the risk of fatal stroke
occurrence. Compared with those in the lowest quartile (≤ 1.39), the participants with the highest NLR (≥ 2.24) had a
76% and a 115% increased risk of fatal stroke (aHR=1.76, 95% CI 1.33-2.32) and fatal ischaemic stroke (aHR=2.15, 95%
CI 1.41-3.28), respectively; Similar associations for stroke and ischaemic stroke were obtained after further adjustment
for C-reactive protein. (3) Compared with those in NLR ≤ 1.75, the participants in NLR > 1.75 had a 57% and a 91%
increased risk of fatal stroke (aHR=1.57, 95%CI 1.20-2.06) and fatal ischaemic stroke (aHR=1.91, 95%CI 1.27-2.88),
respectively. (3) As a continuous variable, the NLR presented an increased risk of fatal stroke (aHR=1.11 95%CI 1.06-1.17)
and fatal ischaemic stroke (aHR=1.15 95%CI 1.09-1.21), respectively.

Conclusions: Higher NLR was associated with an increased risk of fatal stroke and fatal ischaemic stroke occurrence in a
relatively healthy elderly population.The clinicians should pay more attention to asymptomatic in�ammatory
characteristics in relatively healthy older population.

Background
Stroke has become the second and the leading cause of deaths worldwide, 2015 [1] and in China, 2013 [2]. It is classi�ed
mainly as ischaemic and haemorrhagic stroke. Hypertension, diabete, and smoking have been known as the shared risk
factors of stroke incidence, and related closely to a chronic in�ammation [3–6]. Chronic in�ammatory diseases were
associated with an increased risk of stroke [7–9], suggesting that in�ammation 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 relatonship 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, these results should re�ect a status under stress reaction, and
the NLR should be more likely to direct an acute in�ammation. Although the NLR could be used as a predictor for future
mortality risk of CHD [11], it is unclear whether the NLR is associated with the risk of fatal stroke occurrence. Here, we
aimed to systematically assess the relationship between the NLR and future risk of fatal stroke, fatal ischaemic or
haemorrhagic stroke occurrence in a relatively healthy older population.

Methods
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Data source and participants
All GBCS (Guangzhou Biobank Cohort Study) 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 [17]. 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 lifestyle, the family and personal medical history ; assessments of anthropometric 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 come the designated place, and was able 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 determined sautomatically. The NLR was calculated
accordingly from the NEUT and the LYM counts. Fasting glucose, cholesterol, triglycerides, liver and kidney function and
CRP were measured with an analyser (Cobas c-311, Roche, Switzerland). The hospital laboratory performs 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 December 31st, 2017, was obtained mostly via record linkage with the
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 Classi�cation 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 unclassi�ed stroke. When the death certi�cates were not issued by medical
institutions, the causes were veri�ed 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 adjustment for any confounders. Model 2 contained a multivariate adjustment for factors
including sex, age, education (primary and below, middle school, and college or above), occupation (manual, nonmanual,
and others), smoking (never, former and current), alcohol consumption (never, former and current), International Physical
Activity Questionnaire-assessed physical activity (inactive, moderate and active) [18], body mass index (BMI, de�ned as
weight in kg÷eight in m2), self-rated health, hypertension, diabetes, dyslipidaemia, cancer, genitourinary disease, chest
disease and the platelet count. Model 3 included CRP as a competing confounder in addition to the confounders in model
2.

Statistical analysis
The NEUTs, the LYMs and the NLRs were classi�ed by quartiles, respectively: the 1st quartile (< 3.0*10^9/L),
the 2nd quartile (3.0-3.6*10^9/L), the 3rd quartile (3.7-4.4*10^9/L) and the 4th quartile (> 4.5*10^9/L) for the NEUTs; the 1st

quartile (< 1.8*10^9/L), the 2nd quartile (1.8-2.1*10^9/L), the 3rd quartile (2.2-2.5*10^9/L) and the 4th quartile (>
2.5*10^9/L) for the LYM; the 1st quartile (≤ 1.39), the 2nd quartile (1.40-1.75), the 3rd quartile (1.76-2.23) and the 4th
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quartile (≥ 2.24) for the NLR; and the NLR was then analysed as a continuous parameter using a restricted cubic splines
curve model (RCS), and as a dichotomous variable and continuous variable respectively: 3 knots at the 10th, the 50th, and
the 90th percentiles for the RCS; ≤ 1.75 versus > 1.75 for a dichotomous variable. Continuous variables are presented as
the mean ± standard deviation, 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 CRP. All analyses were performed using STATA (Version 14.0; StataCorp LP, College Station, TX, USA). All
p values were 2 sided, and statistical signi�cance was de�ned as p < 0.05; p values for trends in the models were
calculated as ordinal scores from the 2nd, the 3rd and the 4th quartiles when taking the 1st quartile as the reference.

Results

Baseline characteristics
In total, 30,430 participants were screened. Among the data exclusions, 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, and 1646
because of incomplete information on the NEUT, the LYM and platelet counts, hypertension, diabetes, dyslipidaemia,
smoking, alcohol consumption, physical activity, BMI, self-rated health, cancer, genitourinary disease or chest disease. A
total of 27,811 participants who were free of stroke at baseline were included in this study. After a mean follow-up time of
11.5 (standard deviation = 2.3) years with 320,859 person-years, 503 stroke deaths (227 ischaemic, 172 haemorrhagic
and 104 unclassi�ed) were recorded (Fig. 1).

The baseline characteristics of the participants are presented in Table 1. Compared to the population in the 1st NLR
quartile (≤ 1.39), the population in the highest NLR (≥ 2.24) included more men, were older, had more hypertensive,
current smoking and drinker, diabetes; had less physical activity, dyslipidemia, genitourinary disease and cancer, and had
poorer self-rated health.
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Table 1
Baseline characteristics by the NLR quartiles of participants in the GBCS (n = 27811)

Characteristic Quartile of NLR P

the 1st

(≤ 1.39)

the 2nd

(1.40-1.752)

the 3rd

(1.76–2.23)

the 4th

(≥ 2.24)

Number, n 7032 6992 6762 7025  

Age (years) 60.8 ± 6.7 61.5 ± 6.9 62.2 ± 7.1 63.5 ± 7.4 < 0.001

Sex, male (%) 1336 (19%) 1670 (23.9%) 1941 (28.7%) 2684 (38.2%) < 0.001

Hypertension, n (%) 1726 (24.5%) 1891 (27%) 2017 (29.8%) 2182 (31.1%) < 0.001

Diabetes, n (% ) 782 (11.1%) 853 (12.2%) 925 (13.7%) 1069(15.2%) < 0.001

Dyslipidemia, n (%) 5983 (85.1%) 5821 (83.3%) 5613 (83%) 5607 (79.8%) < 0.001

Smoking, n (%)         < 0.001

never 6090 (86.6%) 5875 (84%) 5385 (79.6%) 5175 (73.7%)  

ever 476 (6.8%) 541 (7.8%) 623 (9.2%) 882 (12.5%)  

current 466 (6.6%) 576 (8.2%) 754 (11.2%) 968 (13.8%)  

Alcohol drinking, n (%)         < 0.001

never 5056 (71.9%) 4969 (71.1%) 4700 (69.5%) 4816 (68.6%)  

ever 132 (1.9%) 141 (2%) 156 (2.3%) 212 (3%)  

current 1844 (26.2%) 1882 (26.9%) 1906 (28.2%) 1997 (28.4%)  

Body mass index, kg/         < 0.001

< 18.5 280 (4%) 275 (3.9%) 281 (4.2%) 410 (5.8%)  

18.5–23.9 3598 (51.1%) 3441 (49.2%) 3347 (49.5%) 3652 (50.7%)  

24–27.9 2480 (35.3%) 2549 (36.5%) 2436 (36%) 2392 (34.1%)  

≥ 28 674 (9.6%) 727 (10.4%) 698 (10.3%) 661 (9.4%)  

Physical activity, n (%)         < 0.001

inactive 610 (8.7%) 564 (8.1%) 525 (7.8%) 556 (7.9%)  

moderate 2712 (38.5%) 2806 (40.1%) 2797 (41.3%) 3031 (43.2%)  

active 3710 (52.8%) 3622 (51.8%) 3440 (50.9%) 3438 (48.9%)  

Self-rated health, n (% ) 5880 (83.6%) 5847 (83.6%) 5539 (81.9%) 5711 (81.3%) < 0.001

(good/very good)

Hypertension: systolic blood pressure, ≥ 140 mmHg, diastolic blood pressure, ≤ 90 mmHg, medication or diagnoseis;
diabetes: fasting blood glucose ≥ 7, medication or diagnosis; dyslipidemia: 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; hsCRP: 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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Characteristic Quartile of NLR P

the 1st

(≤ 1.39)

the 2nd

(1.40-1.752)

the 3rd

(1.76–2.23)

the 4th

(≥ 2.24)

Cancer, n (% ) 152 (2.2%) 141 (2%) 120 (1.8%) 126 (1.8%) 0.28

GD, n (% ) 1995 (28.4%) 1906 (27.3%) 1732 (25.6%) 1772 (25.2%) < 0.001

Chest disease, n (% ) 1092 (15.5%) 1004 (14.4%) 1009 (14.9%) 1108 (15.8%) 0.09

NEUT, *10^9/L 2.8 ± 0.78 3.5 ± 0.80 4.0 ± 0.93 5.0 ± 1.68 < 0.001

Lym, *10^9/L 2.5 ± 0.64 2.2 ± 0.50 2.0 ± 0.47 1.7 ± 0.44 < 0.001

Platelet, *10^9/L 221.4 ± 61 226.5 ± 56.7 228.4 ± 56 233.1 ± 66.1 < 0.001

hsCRP, mg/L 2.9 ± 2.5 3.2 ± 2.6 3.7 ± 2.8 4.2 ± 3.2 < 0.001

Hypertension: systolic blood pressure, ≥ 140 mmHg, diastolic blood pressure, ≤ 90 mmHg, medication or diagnoseis;
diabetes: fasting blood glucose ≥ 7, medication or diagnosis; dyslipidemia: 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; hsCRP: 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.

TheNEUT 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 signi�cant association with an
increased risk for fatal stroke (aHR = 1.45, 95% CI 1.10–1.89, P = 0.008) and fatal ischaemic stroke (aHR = 1.65, 95% CI
1.10–2.47, P = 0.02), while no signi�cant association was obtained between the LYM and the risk of fatal stroke after
adjustments for a series of factors (Table 2).
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Table 2
Association between the neutrophil and the lymphocyte counts and the risk of fatal stroke in the GBCS, 2003–2017 (n = 

27811)
P value
trend

Quartiles of NEUT (*10^9/L) P
value
trend

Quartiles of LYM (*10^9/L) P
value
trendthe

1st

(< 3.0)

the 2nd
(3.0-3.6)

the 3rd
(3.7–4.4)

the
4th

(> 4.5)

the 1s

t(< 1.8)

the
2nd
(1.8–
2.1)

the
3rd
(2.2–
2.5)

the
4th

(> 2.5)

Stroke

Person
years

79448 83038 77517 80857     86199 93678 73358 67624  

per
10^5
person-
years

109.5 116.8 152.2 248.6     178.7 156.9 140.4 146.4  

No. of
deaths

87 97 118 201     154 147 103 99  

Model
1 (HR;
95%
CI)

Ref. 1.06

(0.79–
1.41)

1.38
(1.05–
1.82)a

2.25
(1.75–
2.90)c

< 0.001 Ref. 0.88
(0.70–
1.10)

0.78

(0.61-
1.00)

0.82
(0.64–
1.06)

0.07

P value   0.70 0.02 < 0.001       0.26 0.05 0.13  

Model
2 (HR;
95%
CI)

Ref. 0.87

(0.65–
1.17)

1.06
(0.80–
1.41)

1.45
(1.10–
1.89)b

0.001   Ref. 1.01
(0.80–
1.27)

0.92

(0.71–
1.19)

0.95

(0.73–
1.24)

0.56

P value   0.36 0.68 0.008     . 0.92 0.51 0.71  

Ischaemic stroke

Person
years

79045 82625 76875 80068     85536 93017 72896 67163  

per
10^5
person-
years

46.8 54.5 61.1 122.4     86.5 77.4 52.1 64.0  

No. of
deaths

37 45 47 98     74 72 38 43  

Model
1 (HR;
95%
CI)

Ref. 1.16

(0.75–
1.78)

1.29
(0.84–
1.99)

2.59
(1.78–
3.79)c

< 0.001 Ref. 0.90

(0.65–
1.24)

0.60

(0.41–
0.89)a

0.75

(0.51–
1.09)

0.03

P value   0.52 0.24 < 0.001       0.51 0.01 0.13  

Ref: reference; CP < 0.001, bP < 0.01, aP < 0.05; model 1: a crude hazard ratio model without adjustment for
confounders; model 2: a multivariate model adjusted for sex, age, education, occupation, diabetes, hypertension,
dyslipidaemia, smoking, alcohol consumption, physical activity, body mass index, self-rated health, cancer,
genitourinary disease (including nephropathy, prostatic disease, and gynaecologic diseases), chest disease (including
chronic obstructive pulmonary disease, chronic bronchitis, emphysema, asthma, tuberculosis, and pneumonia) and
platelet count.
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P value
trend

Quartiles of NEUT (*10^9/L) P
value
trend

Quartiles of LYM (*10^9/L) P
value
trendthe

1st

(< 3.0)

the 2nd
(3.0-3.6)

the 3rd
(3.7–4.4)

the
4th

(> 4.5)

the 1s

t(< 1.8)

the
2nd
(1.8–
2.1)

the
3rd
(2.2–
2.5)

the
4th

(> 2.5)

Model
2 (HR;
95%
CI)

Ref. 0.95

(0.61–
1.48)

1.00
(0.64–
1.55)

1.65
(1.10–
2.47)a

0.004   Ref. 1.05

(0.75–
1.45)

0.71

(0.48–
1.07)

0.89

(0.60–
1.32)

0.24

P value   0.83 0.99 0.02       0.80 0.10 0.56  

Haemorrhagic stroke

Person
years

79017 82461 76779 79663     85280 92716 72823 67083  

per
10^5
person-
years

50.6 37.6 48.2 82.8     64.5 43.1 57.7 52.2  

No. of
deaths

40 31 37 66     55 40 42 35  

Model
1 (HR;
95%
CI)

Ref. 0.74

(0.46–
1.18)

0.94
(0.60–
1.47)

1.61
(1.09–
2.39)a

0.004   Ref. 0.67

(0.45–
1.01)

0.89

(0.60–
1.33)

0.81

(0.53–
1.24)

0.55

P value   0.20 0.79 0.02       0.05 0.57 0.34  

Model
2 (HR;
95%
CI)

Ref. 0.63

(0.39–
1.02)

0.77
(0.49–
1.22)

1.14
(0.74–
1.75)

0.26   Ref. 0.77

(0.51–
1.16)

1.03

(0.68–
1.57)

0.94

(0.60–
1.46)

0.94

P value   0.06 0.27 0.56       0.21 0.88 0.77  

Ref: reference; CP < 0.001, bP < 0.01, aP < 0.05; model 1: a crude hazard ratio model without adjustment for
confounders; model 2: a multivariate model adjusted for sex, age, education, occupation, diabetes, hypertension,
dyslipidaemia, smoking, alcohol consumption, physical activity, body mass index, self-rated health, cancer,
genitourinary disease (including nephropathy, prostatic disease, and gynaecologic diseases), chest disease (including
chronic obstructive pulmonary disease, chronic bronchitis, emphysema, asthma, tuberculosis, and pneumonia) and
platelet count.

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
stroke occurrence, and the cutoff value of NLR level was of 1.19 after adjustments were made in a multivariable
adjustment analysis (Fig. 2). Both Table 3 and Fig. 3 shows the NLRs in relation to the risk of fatal stroke occurrence.
After adjustment for a series of factors, the NLRs were associated an increased risk of fatal stroke and fatal ischaemic
stroke (all P for trend < 0.001); the participants in the 4th NLR quartile (≥ 2.24) had an increased risk of fatal stroke
(adjusted HR (aHR) = 1.76, 95% CI 1.33–2.32, P < 0.001) and fatal ischaemic stroke (aHR = 2.15, 95% CI 1.41–3.28, P < 
0.001), respectively. Similar results were observed for fatal stroke (men: aHR = 1.96, 95% CI 1.24–3.08, P = 0.004; women:
aHR = 1.57, 95% CI 1.10–2.25, P = 0.01) and fatal ischaemic stroke (men: aHR = 2.23, 95% CI 1.17–4.27, P = 0.02; women:
aHR = 2.01, 95% CI 1.15–3.53, P = 0.02). Table 4 shows higher NLR in relation to an increased risk of fatal stroke (aHR = 



Page 9/20

1.89, 95% CI 1.26–2.82, P = 0.002), fatal ischaemic stroke (aHR = 3.34, 95% CI 1.73–6.45, P < 0.001); and an increasing
trend was obtained for fatal stroke (P < 0.001) and fatal ischaemic stroke (P < 0.001) after further CRP adjustment.
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Table 3
Association between the NLRs and the risk of fatal stroke occurrence in the GBCS (n = 27811)

  Quartiles of NLR

  the 1st

(≤ 
1.39)

the 2nd

(1.40-1.752)

the 3rd

(1.76–2.23)

the 4th

(≥ 2.24)

Stroke

overall        

Model 1 (HR, 95%
CI)

1.00 1.33 (0.98–1.80), P = 
0.07

2.08 (1.57–2.77), P < 
0.001

2.78 (2.12–3.65), P < 
0.001

Model 2 (HR, 95%
CI)

1.00 1.19 (0.87–1.62), P = 
0.27

1.61 (1.21–2.15), P = 
0.001

1.76 (1.33–2.32), P < 
0.001

P for trend < 0.001

men        

Model 1 (HR, 95%
CI)

1.00 1.04 (0.61–1.78), P = 
0.89

1.80 (1.11–2.91), P = 
0.02

2.37 (1.51–3.71), P < 
0.001

Model 2 (HR, 95%
CI)

1.00 1.07 (0.62–1.83), P = 
0.82

1.71 (1.05–2.76), P = 
0.03

1.96 (1.24–3.08), P = 
0.004

P for trend < 0.001

women        

Model 1 (HR, 95%
CI)

1.00 1.41 (0.97–2.05), P = 
0.07

1.99 (1.40–2.85), P < 
0.001

2.36 (1.66–3.36), P < 
0.001

Model 2 (HR, 95%
CI)

1.00 1.26 (0.87–1.84), P = 
0.23

1.58 (1.10–2.26), P = 
0.01

1.57 (1.10–2.25), P = 0.01

P for trend 0.007

Ischemic stroke

overall        

Model 1 (HR, 95%
CI)

1.00 1.50 (0.94–2.40), P = 
0.09

1.86 (1.18–2.93), P = 
0.008

3.59 (2.38–5.42), P < 
0.001

Model 2 (HR, 95%
CI)

1.00 1.34 (0.84–2.14), P = 
0.22

1.40 (0.88–2.20), P = 
0.15

2.15 (1.41–3.28), P < 
0.001

P for trend < 0.001

men        

Model 1 (HR, 95%
CI)

1.00 1.05 (0.48–2.29), P = 
0.90

1.73 (0.86–3.47), P = 
0.13

2.73 (1.43–5.20), P = 
0.002

Model 2 (HR, 95%
CI)

1.00 1.06 (0.49–2.31), P = 
0.89

1.59 (0.79–3.21), P = 
0.19

2.23 (1.17–4.27), P = 0.02

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, dyslipidemia, 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.



Page 11/20

  Quartiles of NLR

P for trend 0.002

women        

Model 1 (HR, 95%
CI)

1.00 1.70 (0.94–3.06), P = 
0.08

1.56 (0.85–2.87), P = 
0.16

3.11 (1.79–5.39), P < 
0.001

Model 2 (HR, 95%
CI)

1.00 1.52 (0.84–2.74), P = 
0.16

1.21 (0.66–2.25), P = 
0.54

2.01 (1.15–3.53), P = 0.02

P for trend 0.029

Hemorrhagic stroke

overall        

Model 1 (HR, 95%
CI)

1.00 0.99 (0.60–1.64), P = 
0.98

1.84 (0.19–2.86), P = 
0.007

1.88 (0.22–2.92), P = 
0.005

Model 2 (HR, 95%
CI)

1.00 0.93 (0.56–1.53), P = 
0.76

1.51 (0.97–2.36), P = 
0.07

1.32 (0.85–2.07), P = 0.22

P for trend 0.071

men        

Model 1 (HR, 95%
CI)

1.00 1.03 (0.36–2.97), P = 
0.95

2.05 (0.82–5.18), P = 
0.13

2.65 (1.11–6.36), P = 0.03

Model 2 (HR, 95%
CI)

1.00 1.12 (0.39–3.24), P = 
0.84

1.99 (0.79–5.04), P = 
0.15

2.27 (0.94–5.46), P = 0.07

P for trend 0.022

women        

Model 1 (HR, 95%
CI)

1.00 0.97 (0.55–1.72), P = 
0.93

1.73 (1.04–2.88), P = 
0.03

1.36 (0.79–2.36), P = 0.27

Model 2 (HR, 95%
CI)

1.00 0.91 (0.51–1.60), P = 
0.73

1.43 (0.86–2.38), P = 
0.17

0.97 (0.55–1.70), P = 0.91

P for trend 0.66

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, dyslipidemia, 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 4
Association between the NLRs and the risk of fatal stroke occurrence among participants without CVD at baseline and

further CRP adjustment (n = 10606)

  Quartiles of NLR

  the 1st

(≤ 
1.39)

the 2nd

(1.40-1.752)

the 3rd

(1.76–2.23)

the 4th

(≥ 2.24)

Stroke        

Model 1 (HR, 95%
CI)

1.00 1.31 (0.84–2.05), P = 
0.23

2.07 (1.37–3.11), P = 
0.001

2.60 (1.75–3.85), P < 
0.001

Model 2 (HR, 95%
CI)

1.00 1.23 (0.79–1.92), P = 
0.37

1.71 (1.13–2.58), P = 0.01 1.89 (1.26–2.82), P = 
0.002

P for trend < 0.001

Ischemic stroke        

Model 1 (HR, 95%
CI)

1.00 1.84 (0.89–3.79), P = 
0.10

2.37 (1.18–4.74), P = 0.02 4.57 (2.40–8.70), P < 
0.001

Model 2 (HR, 95%
CI)

1.00 1.73 (0.84–3.58), P = 
0.14

1.98 (0.98–3.97), P = 0.06 3.34 (1.73–6.45), P < 
0.001

P for trend < 0.001

Hemorrhagic stroke        

Model 1 (HR, 95%
CI)

1.00 0.71 (0.34–1.46), P = 
0.35

1.54 (0.85–2.81), P = 0.16 1.18 (0.63–2.21), P = 0.60

Model 2 (HR, 95%
CI)

1.00 0.67 (0.32–1.38), P = 
0.28

1.30 (0.71–2.39), P = 0.39 0.89 (0.46–1.70), P = 0.71

P for trend 0.79

NLR: neutrophil to lymphocyte ratio; CRP: high-sensitivity C-reactive protein; CVD: including coronary heart disease,
angina, myocardial infarction and peripheral vascular disease; model 1: a crude hazard ratio model without
adjustments; model 2: 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 CRP.

Table 5 shows the NLRs in relation to the risk of fatal stroke occurrence with another model. Compared with those in NLR 
≤ 1.75, the participants in NLRs > 1.75 had an increased risk of fatal stroke (aHR = 1.57, 95% CI 1.20–2.06, P = 0.001) and
fatal ischaemic stroke (aHR = 1.91, 95% CI 1.27–2.88, P = 0.002); Similar results for fatal stroke (aHR = 1.11 95% CI 1.06–
1.17, P < 0.001) and fatal ischaemic stroke (aHR = 1.15 95% CI 1.09–1.21, P < 0.001) were observed in a model
conducting NLR as a continuous variable.
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Table 5
Association between the NLR categories or continuous and the risk of fatal stroke among the participants without CVD at

baseline and further CRP adjustment (n = 10606)

  NLR categories NLR continuous

  ≤ 1.75 > 1.75

Stroke      

Model 1 (HR, 95% CI) 1.00 2.01 (1.54–2.62), P < 0.001 1.16 (1.11–1.20), P < 0.001

Model 2 (HR, 95% CI) 1.00 1.57 (1.20–2.06), P = 0.001 1.11 (1.06–1.17), P < 0.001

Ischemic stroke      

Model 1 (HR, 95% CI) 1.00 2.42 (1.62–3.62), P < 0.001 1.18 (1.13–1.23), P < 0.001

Model 2 (HR, 95% CI) 1.00 1.91 (1.27–2.88), P = 0.002 1.15 (1.09–1.21), P < 0.001

Hemorrhagic stroke      

Model 1 (HR, 95% CI) 1.00 1.60 (1.02–2.51), P = 0.04 1.09 (0.95–1.27), P = 0.23

Model 2 (HR, 95% CI) 1.00 1.33 (0.84–2.10), P = 0.23 1.02 (0.81–1.30), P = 0.85

NLR: neutrophil to lymphocyte ratio; CRP: high-sensitivity C-reactive protein; CVD: including coronary heart disease,
angina, myocardial infarction and peripheral vascular disease; model 1: a crude hazard ratio model without
adjustments; model 2: 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, tuberculosis, and pneumonia), platelet and CRP.

Discussion

Main �ndings
In this study, we found that higher NLR was associated with an increased risk of fatal stroke and fatal ischaemic stroke
in a relatively healthy elderly population. The associations were independent of age, sex, hypertension, diabetes,
dyslipidemia, smoking, alcohol consumption, physical activity, body mass index, self-rated health, cancer, genitourinary
disease, chest disease, platelet count and CRP. This is the �rst report dressing the relationship between the NLR and the
risk of fatal stroke occurrence in a relatively healthy older population.

Current knowledge
Among ischaemic and haemorrhagic stroke, the former accounts for more than 80%[19]. In fact, chronic in�ammation
has come out prior to stroke onset and will follow after stroke happened [20]. In�ammatory response has also been
known as a mechanism in which both the susceptibility and outcome was altered in strok [21]. The NLR has been linked
to a cardiovascular or stroke disease[14-16, 22].

Atherosclerosis is accompanied by a chronic vascular wall in�ammation or endothelial dysfunction, and its plaque was
known as the most common cause for ischaemic stroke [23]. Neutrophils promote a rupture or erosion of atherosclerotic
plaques, lead to thrombosis and trigger acute stroke events [24, 25]. The NETs (neutrophil extracellular traps) and the
main components were signi�cantly increased in acute ischaemic stroke [26] and thrombus, especially in cardiogenic
cerebral embolism [27].The B2 cells (a type of lymphocyte) contributed to atherosclerosis progress, but the B1a cells (a
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type of lymphocyte) played a role of anti-atherosclerotic [28]. Higher NLR was an independent predictor for intracranial
atherosclerosis [29], and was associated with an increased risk of ischaemic stroke among Korean aged 30-75 years [30],
and the subjects with arterial �brillation but without a history of stroke and transient ischaemic attack [31]. We observed
not only higher NLR but also higher neutrophil was associated with an increased risk of fatal stroke and fatal ischaemic
stroke, although no any signi�cant relationship was observed between the lymphocyte and the risk of fatal stroke in this
study. These results suggest a chronic in�ammation has being happened prior to stroke occurrence.

Implications for policy and research
Higher NLR was related to an increased risk of fatal stroke and fatal ischaemic stroke regardless of whether a restricted
cubic splines curve model or a quartile, a dichotomous variable and a continuous variable model in our study. This is the
�rst time addressing the relationship between the NLR and the risk of fatal stroke occurrence in a relatively healthy
community population. Such �ndings should direct a linkage of fatal stroke occurrence and a pre-existing chronic low-
grade systemic in�ammation. Because the GBCS has collected a series of data from relatively healthy elders in south
China, and each had been made an appointment in advance to ensure good health and was able to come the designated
place by himself/herself [17]. Therefore, the fatal stroke occurrence may forewarn a burden of pre-existing chronic low-
grade systemic in�ammation, especially in a large cities’ elderly population. 

Strengths and limitations
In our study, a mean follow-up of 11.5 years makes this a large, prospective design for a study of the 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 additional potential confounding factors. However,
there are limitations in this study. First, we obtained only the death information via record linkage with the GZCDC. The
results of our study with death as the only outcome are obviously weakened because of the 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 in this study. Third, the small number of deaths limited the strength of
this study to address fatal stroke, especially fatal ischaemic stroke and fatal haemorrhagic stroke. Thus, other cohorts
and ethnic population should be introduced for further veri�ed in the future.

Conclusions
Higher NLR was associated with an increase risk of fatal stroke and fatal ischaemic stroke occurrence, the clinicians
should pay more attention to asymptomatic in�ammatory characteristics in relatively healthy older population.

Abbreviations
NLR: neutrophil-to-lymphocyte ratio; CHD: coronary heart disease; HR: hazard ratio ; CI: con�dence interval; NEUT:
neutrophil; LYM: lymphocyte; CRP: C-reactive protein; GZCDC: Guangzhou Centers for Disease Control and Prevention;
ICD: International Classi�cation of Diseases; BMI: body mass index.
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Figure 1

Flow diagram of participants selected for the analysis of this study.
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Figure 2

Association between the NLR and the risk of fatal stroke with the RCS model. The solid blue line is the multivariable
adjusted hazard ratio, with dashed lines showing 95% con�dence intervals with three knots. A multivariate model
adjusted for sex, age, education, occupation, 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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Figure 3

Association between the NLRs and the risk of fatal stroke in participants of the GBCS. A, B and C plots an adjusted
hazard ratio and 95% con�dence interval for neutrophil-to-lymphocyte ratio' quartile alongside with the P value for trend.
The adjusted confounders include age, sex, hypertension, diabetes, dyslipidemia, smoking, alcohol drinking, physical
activity, body mass index, self-rated health, cancer, genitourinary disease, chest disease and platelet count.


