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Abstract 

Background and aims: Systemic immune-inflammation index (SII) has been recently 

investigated as a novel inflammatory and prognostic marker. SII may be used as an 

indicator reflecting the progressive inflammatory process in the atherosclerosis, 

although its link with incident cardiovascular disease (CVD) has not been examined in 

previous studies. This study aims to prospectively examine the association of SII with 

incident CVD and its main subtypes in Chinese adults.  

Methods: Using data from the Dongfeng-Tongji cohort study, 13 929 middle-aged and 

older adults with a mean age of 62.56 years (range 35–91 years) who were free of CVD 

and cancer were included for analysis. The baseline study was conducted in Shiyan city, 

Hubei province from 2008 to 2009. The SII was calculated as platelet count (/L) × 

neutrophil count (/L) / lymphocyte count (/L). Cox regression models were used to 

examine the associations of SII with incident CVD, including stroke and coronary heart 

disease (CHD).  

Results: Over a median 8.28 years (maximum 8.98 years) of follow-up, 3,386 total 

CVD cases including 801 stroke cases and 2, 585 total CHD cases were identified. In 

the multivariable Cox regression analyses, higher levels of log-transformed SII were 

significantly associated with total stroke (HR 1.224, 95% CI 1.065–1.407) and ischemic 

stroke (HR 1.234, 95% CI 1.055–1.442). For those participants with the highest 

quartiles of SII versus the lowest quartiles of SII, the HRs were 1.358 (95% CI 1.112, 

1.658) for total stroke, 1.302 (95% CI 1.041–1.629) for ischemic stroke, and 1.600 (95% 

CI 1.029–2.490) for hemorrhagic stroke.  
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Conclusions: SII may serve as a useful marker to elucidate the role of the interaction of 

thrombocytosis, inflammation and immunity in the development of cerebrovascular 

diseases in the middle-aged and elderly population.  

 

Key Words: Systemic immune-inflammation index; Cardiovascular diseases; Stroke; 

Coronary heart disease; Risk.  



5 

 

1. Introduction 

Stroke and heart disease are the two leading contributors of the global burden of 

cardiovascular disease (CVD), accounting for 17 million deaths every year [1]. 

Scientific evidence has revealed that immunity and inflammation play crucial roles in 

in atherogenesis, a major cause of most cardiovascular events [2, 3], and that innate and 

adaptive immune responses—mainly composed of lymphocytes, neutrophils, 

monocytes and macrophages—have different roles in the development of 

atherosclerosis [2, 4]. Evidence has also described how platelet adhesion to vessel walls 

enhances leukocyte recruitment and precedes atherosclerotic plaque invasion by 

leukocytes, initiating atheroprogression [5, 6].  

Some findings have suggested that leukocytes involved in the local and systemic 

inflammation are associated with the pathogenesis of CVD [7, 8]. For example, one 

study [7] found that systemic changes in the activity of polymorphonuclear cells, 

particularly neutrophils and T lymphocytes in patients with acute coronary syndrome, 

contrasted with the pattern of cellular activation at local inflammatory sites in 

atherosclerotic plaques, suggesting that local and systemic inflammatory processes may 

be involved in the pathogenesis of acute coronary syndrome. Additonally, another study 

[8] described how macrophage density and total white blood cell count could, both 

independently and in combination, predict the presence of thin-cap fibroatheromas in 

patients undergoing coronary angiography, providing more evidence for the role of 

systemic inflammation in the pathophysiology of atherothrombosis. Meanwhile, there 

are growing data from prospective cohort studies that have shown how total and 
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differential leucocyte counts, including counts of lymphocytes[9], neutrophils[10, 11] 

and other granulocytes[9], are associated with risk of CVD. Our research team has 

previously found that platelet count was significantly associated with stroke events [12]. 

Emerging data have also shown that some inflammation and immune indices that are 

based on the complete blood count, such as platelet-lymphocyte ratio (PLR) and 

neutrophil-lymphocyte ratio (NLR), can serve as predictors of cardiovascular events in 

patients who are at risk of primary CVD [13, 14]. However, a novel inflammation and 

immune marker, defined as systemic immune-inflammation index (SII), which is 

calculated using platelet, neutrophil and lymphocyte counts, has not yet been examined 

for the link with CVD. First put forward by Hu et al. [15], this marker was shown to 

reflect the severity of systemic inflammation in patients with carcinoma [16] and to 

have high prognostic values in different types of cancer [15, 17], of which local and 

systemic inflammation is a prominent hallmark [18].  

As SII integrates the information of neutrophil, platelet and lymphocyte counts, the 

analysis of these three types of blood cells together could elucidate their interaction in 

the pathological process of CVD, though their possible opposite roles in the process 

may not be appreciated. Furthermore, it would be of greater value to elaborate the 

potential interactive effects of platelets, lymphocytes and neutrophils on the incidence 

of CVD in individuals free of previous CVD. To address these issues, our study aimed 

to explore the association of SII with CVD incidence using data from the the Dongfeng-

Tongji (DFTJ) cohort study, a prospective cohort study of middle-aged and older adults 

done in Shiyan city, Hubei province, China, from 2008 to 2016 [19].  
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2. Materials and methods 

2.1 Study population and baseline characteristics  

Participants in this study were from DFTJ cohort. During September, 2008 to June, 

2009, 27,009 retirees of Dongfeng Motor Corporation agreed to participate in the 

survey. At baseline, each individual completed a questionnaire-based interview, took 

physical examinations and offered blood samples. All participants who completed 

baseline investigation were followed up until the first-occurrence of a cardiovascular 

event, death, or the date of December 31, 2016, whichever came first. After excluding 

those participants had previous CVD, or those who had severely abnormal 

electrocardiogram, cancer, severe renal disease, severe inflammation, and those who 

incomplete data, our analysis included 13,929 participants. Details about participant 

selection are shown in Supplementary method 1 and Figure S1. Baseline surveys of 

each participant were done by trained investigators during a face-to-face interview. 

Collected baseline data included data on socio-demographic characteristics, lifestyles, 

medical histories, drug use, and family histories. Definition of baseline characteristics 

are shown in Supplementary method 2. The Ethics and Human Subject Committee of 

Tongji Medical College approved the research protocol of the DTFJ cohort and this 

study conformed to the ethical guidelines of the 1975 Declaration of Helsinki. 

Participants gave informed consent before participation in this cohort. The authors 

declare that all supporting data are available within this article. 
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2.2 Laboratory tests 

The test for complete blood count, which included absolute peripheral counts of 

leukocytes, neutrophils, lymphocytes, monocytes and platelets, as well as hematocrit 

percentages, was done using heparinized whole blood samples from venipuncture 

measured within 24 hours at the time of participant’s visit to the hospital. Blood samples 

were analyzed using the automated analyzer, CELL-DYN 3700 (Abbott Laboratories, 

Abbott Park, Illinois, United States) at three different central laboratories. 

Concentrations of blood lipids and fasting plasma glucose were measured as described 

in a previously published study [12].  

2.3 Ascertainment and classification of cardiovascular events 

The goal of our study was to focus on the first-ever incident CVD, including stroke 

and CHD, by tracking disease incidence and death data through Dongfeng Motor 

Corporation’s medical insurance system in the Donfeng Central Hospital [19].  

Incident cardiovascular events were diagnosed by cardiologists in this hospital after 

looking through all medical records of eligible patients included in our analysis, 

including assessing patients’ clinical symptoms and imaging results. Total CVD was 

diagnosed using the International Classification of Diseases codes of the World Health 

Organization [20-22]. Total stroke was defined as a sudden or rapid onset of focal 

neurological deficit that prolonged over 24 hours or until death, and was further 

categorized into ischemic stroke and hemorrhagic stroke. Total CHD was defined as 

fatal myocardial infarction, non-fatal myocardial infarction, coronary revascularization, 

https://www.sciencedirect.com/topics/medicine-and-dentistry/brain-ischemia
https://www.sciencedirect.com/topics/medicine-and-dentistry/cerebral-hemorrhage
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unstable angina or stable angina. A severe type of CHD was acute coronary syndrome 

[23]. Methods on ascertainment and classification of these cardiovascular events are 

shown in Supplementary method 3. 

2.4 Assessment of systemic immune-inflammation index 

The systemic immune-inflammation index was calculated from absolute peripheral 

platelet counts (P; × 109/L), neutrophil count (N; × 109/L), and lymphocyte counts (L; 

× 109/L) using the formula: SII = P × N/L [15]. The SII value was also transformed to 

a logarithmic scale to minimize skewness of the underlying distribution. 

2.5 Statistical analysis 

13,929 participants were divided into four groups according to SII quartiles 

calculated at baseline. Differences of normally distributed continuous variables for 

basic characteristics across the four groups were analyzed using the variance, and non-

normally distributed continuous variables by the Kruskal-Wallis test. Pearson’s χ2 test 

was used for categorical variables. Person-years was calculated from participants’ 

recruitment date until the first onset of a cardiovascular event, loss to follow-up, death, 

or December, 31, 2016 (the end of the study period), whichever occurred first. 

Cumulative hazards across SII quartiles were shown using Kaplan Meier curves. The 

log‐rank test was used to compare the curves. We used Cox proportional hazards 

regression models to calculate the hazard ratios (HRs) and corresponding 95% 

confidence intervals (CIs) for each type of cardiovascular events in relative to SII 

quartiles as a categorical variable, and log-transformed SII value as a continuous 



10 

 

variable. A Schoenfeld residual plot was done to assess the assumption of proportional 

hazards, and follow-up time was split if the proportional hazards assumption was not 

met. A regular proportional hazard regression was also done to calculate the averaged 

risk estimated over the study time[24]. Particularly, as there was a departure from the 

proportional hazards assumption on the association between log-transformed SII and 

ischemic stroke, the follow-up time was split into three strata (< 3 years, 3–6 years and 

≥ 6 years) and HRs for each stratum were calculated separately [24]. A time-dependent 

HR was also calculated using a time-split model[25] (Supplementary method 4). The 

SAS macro to create restricted cubic splines was used to assess whether there was a 

dose-response relationship between log-transformed SII and the cardiovascular event 

and to visually test whether the assumption of linearity was met [26].   

The covariates in the fully adjusted multivariable models were determined by 

examining relative changes in estimates or whether they were known to be  

professionally relevant [27]. If the regression coefficient for the association of SII with 

a cardiovascular event changed 10% or more, the potential confounder was retained 

after individually including the covariate in the model. Baseline age (years, continuous), 

sex, and test center were adjusted for model 1. Model 2 further adjusted for educational 

level, smoking status, drinking status, physical activity, BMI (kg/m2, continuous), drug 

use for thrombus treatment (including aspirin, thrombolytic agents and anticoagulant 

drugs), family history of coronary heart disease or stroke, and past medical history of 

hypertension, diabetes mellitus or hyperlipidemia. Stratified analyses and potential 

effect modifications by adding interaction terms were performed on the associations of 

https://www.sciencedirect.com/topics/medicine-and-dentistry/brain-ischemia
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SII quartiles with total CVD, total stroke, and total CHD by main characteristics. To 

explore the potential single roles and interchanges of leukocyte subtypes in the 

pathological process of cardiovascular events, we further investigated whether there 

were associations between lymphocyte or neutrophil counts and cardiovascular events, 

with and without additional adjustments for platelet counts or hematocrit percentages 

as continuous variables.We also examined the associations of monocyte counts with 

cardiovascular events, with and without additional adjustments for neutrophil counts.  

Sensitivity analyses were performed to test the robustness of the findings. First, 

we removed participants who had cell counts beyond the clinical reference ranges (i.e. 

those who had a neutrophil count <2.0 or >7.0 or 7.5 × 109/L [N = 957]; those who had 

a lymphocyte count <0.8 or >4.0 or 5.0 × 109/L [N = 138]; and those who had a platelet 

count of less than <100 or >300 × 109/L [N = 956]). Secondly, four covariates of BMI 

and hypertension, diabetic mellitus or hyperlipidemia adjusted in the multivariate 

model were replaced by metabolic syndrome (defined by the criteria of the International 

Diabetes Foundation for 2005) [28] , which has been referred to in a previous study 

[29]. Third, the multiple propensity scores adjusted approach was done to reduce 

confounding effects[30]. Methods of the propensity scores-adjusted analysis used in 

our study are in Supplementary method 5 and Table S1. Fourth, the main models 

were additionally adjusted for antihypertensive drugs, anti-asthma drugs, antibiotics 

and past medical history of asthma to control the effects of drug use and chronic 

diseases on leukocyte counts. Lastly, we excluded participants who had taken 

antibiotics within 2 weeks prior to blood sample collection (N = 964). For all statistical 

http://www.baidu.com/link?url=fV7SrLrtdUMNhLkyYlXnHGYNglPQqK2foeJmBsEw4oxt-7aNNKvZCy-duV1edCu1nuL2W571NuGxbUeLSEtTINCoQNx4J3DmWxe_aOZJ_XuLS8-6aTVTbiZMuptbp7TT
javascript:;
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analyses, multicollinearity assessments were conducted by calculating the variance 

inflation factors to measure the inflation in the variances of the parameter estimates 

caused by possible multicollinearity of the correlated predictors [31]. We conducted all 

statistical analyses using SPSS (IBM SPSS Statistics 20) and R software (version R-

3.5.0), except for data for plotting the restricted cubic splines, which was generated 

using SAS software (version 6.4). All tests were two-sided with a p value of <0.05 as 

accepted significance. 

3. Results 

Over a median 8.28 years (maximum 8.98 years) of follow-up, 3,386 total CVD cases 

among 13,929 participants were identified, including 801 total stroke cases and 2,585 

total CHD cases. SII was divided into quartiles based on the distribution of baseline SII 

in the participants (quartile 1: < 223.079, quartile 2: 223.079–313.905, quartile 3: 

313.905–436.800, and quartile 4: ≥436.800). Among these participants, 7,787(55.9%) 

were females; the median age was 62 years old (range: 35–91 years). The baseline 

characteristics divided by SII are summarized in Table 1. Significant differences in age, 

sex, educational level, BMI, smoking status, total cholesterol, high-density lipoprotein-

cholesterol, low-density lipoprotein-cholesterol, triglycerides, fasting blood glucose, 

past medical history (hypertension, diabetes mellitus, hyperlipidemia, or asthma), and 

medication history (antihypertensive drugs, anti-asthma drugs, thrombolytic agents, or 

antibiotics) were observed across the four SII quartiles. Individuals with higher level of 

SII presented higher levels of neutrophil counts, platelet counts, and monocyte counts, 
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and lower levels of lymphocyte counts and hematocrit percentages. 

Cumulative hazard curves of cardiovascular events across SII quartiles are 

presented in Figure 1 (log rank test: p < 0.001 and p = 0.005 for total stroke and 

ischemic stroke, respectively; p > 0.05 for other cardiovascular events). In the fully 

adjusted Cox regression models, the highest quartiles of SII showed positive 

associations with total stroke (HR 1.358, 95% CI 1.112–1.658; p for trend = 0.001), 

ischemic stroke (HR 1.302, 95% CI 1.041–1.629; p for trend = 0.011), and hemorrhagic 

stroke (HR 1.600, 95% CI 1.029–2.49; p for trend = 0.022) (Table 2), when compared 

with the lowest quartiles of SII. No significant associations were observed between any 

quartiles of SII and total CVD, total CHD, and acute coronary syndrome. The log-

transformed SII was independently associated with total stroke and ischemic stroke 

when adjusting for all potential confounders (Table 2). On average, the HR was 

increased by 22.4% (HR 1.224, 95% CI 1.065–1.407) for total stroke and 23.4% (HR 

1.234, 95% CI 1.055–1.442) for ischemic stroke (Table 2). When participants were 

confined to those with normal ranges of neutrophil, lymphocyte, and platelet counts, 

sensitivity analyses showed slightly reduced associations between SII and total stroke 

and ischemic stroke (Table S2). Consistent results were also observed in the 

multivariate model when adjusted for age, sex, educational level, smoking status, 

drinking status, physical activity, metabolic syndrome, drug use for thrombus treatment, 

and family history of CHD or stroke (Table S3). Results analyzed by the multiple 

propensity scores-adjusted approach indicated that all estimated risks between SII and 

cardiovascular events were reduced (Table S4). When the main models were 
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additionally adjusted for antihypertensive drugs, anti-asthmatic drugs, antibiotics and 

asthma, estimates were attenuated but remained statistically significant (Table S5). 

Finally, excluding these participants having used antibiotics did not substantially 

impact our main findings (Table S6). 

When the follow-up time was split into three strata (<3 years, 3–6 years and ≥6 

years), the risk estimate (HR 1.693, 95% CI 1.292–2.219) between the log-transformed 

SII and incident ischemic stroke was much stronger in the first 3 years after baseline 

but decreased from 3 years onwards, compared with the averaged risk estimate 

throughout the whole follow-up period. For those with a follow-up period of 3–6 years, 

the risk estimate (HR 1.060, 95% CI 0.841–1.335) for ischemic stroke remained 

increased but statistically non-significant. For those with a follow-up period of more 

than 6 years, the risk for ischemic stroke was non-significant (HR 1.119, 95% CI 0.808–

1.549). However, when taking into consideration the time variation using the time-split 

model, the overall association of SII with ischemic stroke over the whole study period 

was stronger while compared with that in the regular model (HR 1.422, 95% CI 1.132–

1.786) (Figure 2).  

As shown in Figure 3, dose-response associations between log-transformed SII 

and cardiovascular events were plotted using restricted cubic splines. Significant linear 

dose-response associations between SII and risks of total stroke (p for overall 

associations = 0.014; p for non-linear trend = 0.486) and ischemic stroke were observed 

(p for overall associations = 0.019; p for non-linear trend = 0.669). However, no 

significant associations between SII and incident total CVD, total CHD, acute coronary 
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syndrome, or hemorrhagic stroke were observed (all p for overall associations > 0.05).  

In the stratified analyses, we observed significant interactions of SII with age (p for 

interaction = 0.012), hypertension (p for interaction = 0.015), and diabetic mellitus (p 

for interaction = 0.025) for total CVD risk. In addition, the association with incident 

total CVD was inconsistent and additionally significant among individuals who had a 

BMI of less than 24 kg/m2. The risk of total stroke was additionally significant among 

current drinkers and individuals with physical inactivity, hypertension and those who 

had a BMI of less than 24 kg/m2 (all p for interactions > 0.05) (Table S7-S9). 

Particularly for participants with diabetes mellitus, strong positive associations were 

observed between SII and total CVD (HR 1.286, 95% CI 1.061–1.559), total stroke 

(HR 1.589, 95% CI 1.068–2.366), and hemorrhagic stroke (HR 3.398, 95% CI 1.210–

9.545) (Table S10). 

Furthermore, when compared with the lowest quartile of lymphocyte counts, the 

third quartile was inversely associated with hemorrhagic stroke (HR 0.513, 95% CI 

0.325–0.811) in the fully adjusted model, and the second quartile presented a positive 

association with acute coronary syndrome (HR 1.241, 95% CI 1.049–1.467) (Table 

S11, model 2). Similarly, when compared with the second quartile of neutrophil counts, 

the highest quartile presented positive associations with total CVD (HR 1.114, 95% CI 

1.013–1.225), total stroke (HR 1.311, 95% CI 1.076–1.596), and ischemic stroke (HR 

1.322, 95% CI 1.060–1.650) (Table S12, model 2). Neutrophil count estimates did not 

alter with additional adjustment for lymphocyte counts (Table S12, model 3). However, 

when additionally adjusting for platelet counts, the insignificant association between 
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neutrophil counts and hemorrhagic stroke turned out to be significant (HR 1.728, 95% 

CI 1.032–2.894), whereas the association of neutrophil counts with ischemic stroke was 

slightly attenuated (HR 1.264, 95% CI 1.010–1.582) (Table S12, model 4). 

Lymphocyte count estimates did not alter substantially with additional adjustment for 

platelet counts, and neither did lymphocyte count estimates or neutrophil count 

estimates when additionally adjusting for hematocrit percentages (Table S11, model 3 

& Table S12, model 4). In addition, there were no significant associations between 

monocyte counts and incident cardiovascular events with and without additionally 

adjustment for neutrophil counts (Table S13, model 3). To test whether the associations 

between SII and cardiovascular events were driven only by neutrophils or not, the main 

models were additionally adjusted for neutrophil counts; however, the additionally 

adjusted risk estimates for the associations between SII and incident total stroke 

remained similar as those in the main models (Table S14).  

4. Discussion 

As SII integrated information obtained from platelet, neutrophil and lymphocyte counts, 

which potentially reflected three pathways of thrombus formation, inflammatory 

response and adaptive immune response[32, 33], we hypothesized that SII could be 

independently associated with cardiovascular events in middle-aged and elderly 

population. To our knowledge, this is the first study that uses data from a prospective 

cohort study to investigate whether SII was associated with risk of total stroke and its 

subtypes. We found that SII was associated with increased risk of total stroke and its 
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subtypes, but was not associated with total CVD, total CHD, or acute coronary 

syndrome. 

Although some studies have shown associations between individual leukocyte 

subtypes and cardiovascular events, our study offers the opportunity to simultaneously 

study the association between each of the three blood cells (platelets, neutrophils, and 

lymphocytes) and cardiovascular events. In our study, participants with the highest 

quartile of SII (≥436.8) usually had neutrophilia, lymphopenia, and thrombocytosis, 

suggesting that there was a combination of nonspecific inflammation and impairment 

involved in the adaptive immune response [34].The association of SII with stroke 

events may be elucidated by the function of the three cell types, and reflect the role of 

platelet-leukocyte interactions at the sites of atherosclerotic plaque formation, 

potentially explaining the exacerbation of atherosclerosis, intimal hypermmplasia, and 

plaque instability that were often associated with cerebrovascular diseases [35]. In 

particular, neutrophil extracellular traps are able to induce numerous pro-thrombotic 

effects including platelet adhesion, activation and aggregation [36], which may lead to 

thrombosis, increasing the risk of acute complications such as stroke. Therefore, the 

interaction between platelets, neutrophils, and lymphocytes may reveal new potential 

targets for reducing chronic inflammation that are often associated with stroke. 

Different patterns of associations were observed with diverse categories of 

cardiovascular events. A higher level of SII was associated with an increased risk of 

ischemic stroke and hemorrhagic stroke, although the association with hemorrhagic 

stroke was stronger. The finding indicates that there might be a distinct immune–
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inflammation pathway related to SII, and further studies are warranted to elucidate the 

roles of chronic systemic immunity and inflammation in their pathogenesis. Moreover, 

the association of SII with incident ischemic stroke was much stronger in the first 3 

years of follow-up and became non-significant after 3 years onwards, suggesting that 

SII might be a more sensitive indicator for the incidence of ischemic stroke in the first 

3 years than a long-time follow-up. This finding also possibly suggested a reverse 

causality between SII and incident ischemic stroke.  

Despite these results, it is somewhat unexpected that we did not observe significant 

associations between SII and CHD or acute coronary syndrome. This is an interesting 

finding because CHD and acute coronary syndrome are common manifestations of 

atherosclerotic development. As SII expresses different inflammatory pathways, this 

finding indicates that the SII inflammatory pathways linking SII to acute coronary 

syndrome or CHD might be different from those pathways that link SII to stroke. Some 

studies have indicated the involvement and interaction of platelets, neutrophils, and 

lymphocytes in the progression of ischaemic heart disease [37, 38]. Circulating platelet-

granulocyte aggregates, platelet-lymphocyte aggregates, and the proportion of activated 

T lymphocytes are increased in ischaemic heart disease, especially for acute myocardial 

infarction [37]. One study showed that high levels of proinflammatory cytokines were 

significantly related to the number of neutrophils and neutrophil-platelet aggregates in 

patients with coronary artery disease[38]. The finding suggests that the interaction 

between neutrophils and platelets is an important part of the proinflammatory process 

in patients with coronary artery disease.  
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In this study, we examined associations of cardiovascular events with leukocyte 

subtypes. Lymphocyte counts had a negative association with hemorrhagic stroke but 

had a positive association with acute coronary syndrome. Neutrophil counts had a 

negative association with ischemic stroke but had a positive association with total 

stroke. The findings indicate different patterns of associations with incident 

cardiovascular events between lymphocyte and neutrophil counts. Neutrophils still 

showed that they were a strong indicator for cardiovascular events when adjusting for 

lymphocytes, a finding that is consistent with a previous study [11]. This finding 

suggests that there is a potential inflammatory pathway that is explained by the specific 

role of lymphocytes and that it is different from the inflammatory pathway represented 

by neutrophils. After further adjusting for platelets, the positive correlation of 

neutrophils with incident hemorrhagic stroke turned out to be significant from being 

nonsignificant. Given that an inverse association between platelet count and 

hemorrhagic stroke was found in our study [12], that platelets interact with leukocytes 

during the inflammatory processes of CVD, and that the immune function of platelets 

maintains a balance between thrombosis and hemostasis regulation and pathogenic 

response [39], it may be concluded that the effect of neutrophils on cerebrovascular 

hemorrhage may be mediated by platelet function [40]. In addition, no significant 

associations was observed between monocyte counts and any cardiovascular events. 

Nevertheless, monocytes can produce inflammatory cytokines in the circulation and 

differentiate into long-lived macrophages, and analyses of animal models demonstrated 

that the progression and regression of atherosclerosis in CVD were influenced by the 
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entry of monocytes into plaques as well as the number and the phenotype of 

macrophage in plaques [41]. A cross-sectional study of healthy Chinese adults showed 

that monocyte counts were significantly associated with the severity of carotid 

atherosclerotic plaque [42]. And a prospective cohort of Tromsø Study found that 

monocyte count was also an independent predictor of novel plaque formation in persons 

without carotid atherosclerosis [43].  

Furthermore, experimental studies have also shown that neutrophils are involved 

in key biological processes linked to atherosclerosis, thrombosis, and ischemic stroke 

through interactions with platelets, proteolytic cleavage of clotting factors, and release 

of prothrombotic molecules, as well as monocyte infiltration enhancement [44]. 

However, after additional adjustment for neutrophil counts, the risk estimate for the 

associations between SII and total stroke remained similar, which indicated that this 

association between SII and incident stroke could also be driven by factors other than 

neutrophils and that the association between them was stable. Additionally, a study of 

patients with acute ischemic stroke showed that leukocyte counts and ratios were 

associated with the development of parenchymal hemorrhage independently of 

infections [45]. Patients with ischemic stroke may show alterations in peripheral 

leukocyte counts that may be caused by the occurrence of early infections and the sterile 

inflammation response, but participants in our study excluded those with severe renal 

disease and severe inflammation. Therefore, the increased SII in these general middle 

and old adults in our study was more indicative of inflammatory response than infection. 

In summary, SII may serve as a useful marker for thrombus formation, inflammatory 



21 

 

response, and the adaptive immune response, compared with other blood cell subtypes. 

In our study, we also found that age, hypertension, and diabetic mellitus modified 

the association between SII and incident total CVD. Elderly adults are featured with 

chronic and low-grade inflammation, which usually results in tissue damage or 

degeneration and is strongly related with morbidity and mortality [46]. Our study 

showed a positive association between SII and total CVD among participants aged ≥65 

years. Thus, we may link this finding to the specific susceptibility of older people in 

developing CVD. Hypertension and diabetic mellitus are important precursors of CVD 

and an increasing number of studies supported the notion that endothelial 

dysfunction, inflammatory infiltration, and vascular remodeling induced by oxidative 

stress in hypertension result in vascular damage, thus accelerating the onset of CVD 

process [47]. Meanwhile, the “common soil” hypothesis considered that diabetic 

mellitus and CVD had common genetic and environmental antecedents [48], and 

chronic low-grade inflammation was an important factor in the pathogenesis of both 

diabetic mellitus and atherosclerosis [49]. Our study found much stronger associations 

of SII with total CVD, total stroke and especially hemorrhagic stroke among 

participants with diabetes. These findings may indicate a different metabolic pattern for 

participants with diabetes, which is independent from the general population. 

Furthermore, our cohort included a higher proportion of patients with baseline 

hypertension (49.0%) and diabetes mellitus (17.3%) compared to the general 

population, which may partly explain the higher association of SII with incident 

cardiovascular events. It is worth noting that metabolic syndrome—a constellation of 

https://www.sciencedirect.com/topics/medicine-and-dentistry/endothelial-dysfunction
https://www.sciencedirect.com/topics/medicine-and-dentistry/endothelial-dysfunction
https://www.sciencedirect.com/topics/medicine-and-dentistry/vasculitis
https://www.sciencedirect.com/topics/medicine-and-dentistry/vasculitis
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risk factors including abdominal obesity, hyperlipidemia, insulin resistance and 

hypertension [28] —was considered an inflammatory state that was associated with 

neutrophil, lymphocyte, and total leukocyte counts and risk of ischemic CVD in 

patients with diabetic mellitus [50].  

We observed similar but reduced estimated risks of SII on stroke events when 

excluding individuals whose neutrophil, lymphocyte or platelet count were beyond the 

clinical reference ranges. Combined with previous studies, these findings indicate that 

most individuals with single neutrophil or platelet counts, or three blood cell counts 

within clinical normal ranges, were still at an increased risk of cardiovascular events 

[11, 12]. These findings suggest that cut-offs of certain blood cell counts for populations 

who are at high risk of CVD should be considered, otherwise some risk information 

conveyed by their actual counts may be ignored by clinicians[6]. Caution is also 

warranted when interpreting whether increased risk of incident stroke events was 

conferred by altering levels of circulating blood cells or by underlying changes in 

inflammation levels and coagulation in which these cells merely act as markers. 

Moreover, a mendelian randomization study has shown a causal association between 

higher levels of genetically determined platelet counts and increased risk of ischemic 

stroke [51]. Neutrophil count-related genetic variants were also identified at the 17q21 

region [52], although further research is needed to assess its causality. More importantly, 

due to the ease of access of SII as a metric in inpatient and outpatient settings compared 

to other inflammatory biomarkers such as C-reactive protein, SII should be further 

examined as an indicator of patients’ stroke progress or as a surrogate in trials to 
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evaluate the effects of anti-inflammatory therapeutic interventions[11].  

Our study has some strengths. A key finding was that our study was the first 

prospective study to reveal the association of SII with CVD including stroke and CHD, 

in which SII can be regarded as a mixed indicator of three blood cells in the “crosstalk” 

of thrombocytosis, inflammation, and immunity in the pathological process of 

cardiovascular events when compared to other types of blood cells. Second, the study 

followed a large sample of middle-aged and elderly people for a long period of time 

and was controlled for most potential confounders. Third, we did sensitivity analyses 

to confirm the robustness of our findings. Nevertheless, several limitations of this study 

remain. First, SII was calculated using only one set of results from the complete blood 

cell test, which may lead to misclassification bias due to specific physiological 

conditions caused by intense physical labor and mental factors. Instead, using the SII 

mean calculated from two complete blood count tests would more accurately to 

estimate the chronic inflammation level of an individual participant than a single test 

[11]. Second, our cohort lacked some information at the time of participants’ blood 

sample collection, including indicators of the acute inflammatory state, such as the CRP 

level, some other drug use, such as the use of steroids and nonsteroidal anti-

inflammatory drugs, previous types of antibiotics used and therapy durations, and 

information about other diseases that could cause chronic inflammation, such as 

periodontal disease, all of which may possibly influence baseline leukocyte counts. 

However, our analysis limited the inclusion of participants almost without abnormal 

levels of inflammation, adjusted for a majority of covariates that may affect 
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blood cell counts, particularly smoking status, drinking status, accompanying diseases 

(e.g. diabetes mellitus and hyperlipidemia), and usages of drugs for treating thrombus 

(e.g. aspirins, thrombolytic agents, and anticoagulant drugs). We also ensured our 

results were not substantially biased by the effects of antibiotics by doing a sensitivity 

analysis. Therefore, our findings may reveal the true associations of SII with incident 

cardiovascular events. Third, participants in our study were mainly middle-aged or 

elderly, which may limit the generalization of our findings to other populations. 

Therefore, future validation of our findings to the general population is necessary. 

Fourth, the number of hemorrhagic stroke cases was small, which may affect the 

statistical power on estimating the risk of incident hemorrhagic stroke. Future large 

population-based prospective cohorts with enough hemorrhagic stroke cases are needed 

to further clarify these associations. Additionally, no core lab facility was used for blood 

cell tests, and not all the test centers used the same model of analyzer and reagents, 

which may potentially affect the exposure assessment of participants’ blood samples. 

In summary, elevated levels of SII, which may potentially reflect the balance of 

the inflammatory, immune, and thrombotic pathways, were associated with an 

increased risk of stroke and its subtypes. This index is easily available by doing a 

complete blood cell test and warrants further investigation for clinical risk assessment 

for atherosclerotic cerebrovascular diseases. 
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Figure legends 

Figure 1. The cumulative hazard curves of cardiovascular events for patients by SII 

quartiles. SII and (A) total CVD, (B) total stroke, (C) ischemic stroke, (D) hemorrhagic 

stroke, (E) total CHD, (F) acute coronary syndrome. CVD = cardiovascular disease; 

CHD = coronary heart disease; SII = systemic immune_inflammation index. 

Figure 2. The hazard ratio (95% CI) of SII on the incidence of ischemic stroke divided 

by follow-up time. Risks were estimated using multivariable Cox regression models 

adjusted for age, sex, test center, educational level, smoking status, drinking status, 

physical activity, BMI, hypertension, diabetes mellitus or hyperlipidemia, drug use for 

thrombus treatment, and family history of coronary heart disease or stroke.  

Figure 3. Dose-response association between log-transformed SII and risk of 

cardiovascular events. Associations of SII and (A) total CVD, (B) total stroke, (C) 

ischemic stroke, (D) hemorrhagic stroke, (E) total CHD, (F) acute coronary syndrome 

were examined by multivariable Cox regression based on restricted cubic spline 

functions. The reference value and three knots in the spline were set to the median and 

the 5th, 50th, and 95th percentiles of the distribution of log-transformed SII. Risk 

estimates were adjusted for baseline age, sex, test center, educational level, smoking 

status, drinking status, physical activity, BMI, hypertension, diabetes mellitus or 

hyperlipidemia, drug use for thrombus treatment, family history of coronary heart 

disease or stroke. Solid line represents hazard ratios and shaded area represents the 95% 

CIs. CVD = cardiovascular disease; CHD = coronary heart disease; SII = systemic 

immune_inflammation index.  
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Figure 3 

 

 

 



Supplement Methods 
1. Participant exclusion  

Our study was based on the DFTJ cohort conducted in Shiyan City, China, details 

of which were elaborated previously [1]. Briefly, during September 2008 to June 2009, 

27,009 Dongfeng Motor Corporation (DMC) retirees agreed to participate in the survey. 

All participants that completed baseline investigation were followed until the first 

occurrence of cardiovascular events, death or date of 31 December 2016, whichever 

came first. In participants with complete follow-up, those with prevalent self-report 

cancer, stroke , coronary heart disease (CHD) and severely abnormal electrocardiogram 

(including atrial fibrillation/flutter, complete left bundle branch block, ventricular pre-

excitation, atrial tachycardia, premature ventricular contractions and II or III 

atrioventricular block）[2] at baseline were excluded. Among the left participants, a 

total of 14,568 participants had available baseline measurements of lymphocyte, 

neutrophil and platelet counts. We additionally excluded participants with severe renal 

disease (estimated glomerular filtration rate <15 mL/min/1.73 m2 based on the equation 

of Chronic Kidney Disease Epidemiology Collaboration[3]),whose neutrophil counts 

might be difficult to interpret, and those with severe inflammation including leukocyte 

counts higher than 20 × 109 cells/L or inflammatory markers based on the complete 

blood counts beyond the distributions of the general population according to the level 

of C-reactive protein[4, 5]. Besides, outliers of lymphocyte, neutrophil or platelet 

counts and missing values of basic data at baseline mainly including body mass index 

(BMI), smoking status, blood lipid indicators and blood pressure (BP) were also 

excluded. Final analysis was done among 13,929 participants and the flow chart of 



participant selection process is presented in Figure S1. 

 

 

Figure S1. The flow diagram of participants for analysis in this study. 

 

2. Baseline characteristics 

Trained interviewers completed the questionnaire of each participant during a 

face-to-face interview. Interviewers collected baseline data on sociodemographic 

characteristics (e.g., age, sex, education level), lifestyles (e.g., smoking status, drinking 

status and physical activity), past medical histories (e.g., hypertension, diabetes 

mellitus (DM), hyperlipidemia, cancer, stroke, CHD, usages of drugs (e.g., aspirin, 

antihypertensive drugs and insulin) and family histories (e.g., cancer, CHD and stroke). 

The general medical examinations were conducted to measure height, weight, BP, 

blood cell counts, fasting plasma glucose and blood lipids. BMI was computed by 



dividing weight in kilograms by the square of height in meters. Smoking status was 

categorized into current smoker (having smoked at least one cigarette per day within 

past 6 months), ex-smoker (having quitting smoking for more than 6 months prior) and 

nonsmoker (having never smoked in one’s lifetime). Similarly, dinking status was 

categorized into current drinker (having drunk alcohol at least one time per week over 

the past year), ex-drinker (having previously consumed alcohol but having not had one 

drink in the past year) and nondrinker (having never drunk alcohol in one’s lifetime). 

Physical activity was defined as exercise for more than 20 minutes per week for over 6 

months assessed by asking participants on activities at work and leisure time. The 

usages of drugs were evaluated by asking participants about all drugs taken in the past 

2 weeks. DM was defined as self-reported doctor-diagnosed DM, or treatment with 

antidiabetic drugs (oral hypoglycemic agents or insulin) or fasting plasma glucose 

above 7.0 mmol/L. Hypertension was defined as systolic BP ≥140 mmHg or diastolic 

BP ≥90 mmHg at physical examination, or self-reported doctor-diagnosed hypertension, 

or treatment with antihypertensive drugs. Hyperlipidemia was defined as a self-reported 

doctor-diagnosed hyperlipidemia, or treatment with lipid-lowering drug, or high-

density lipoprotein <1.04 mmol/L, or low-density lipoprotein ≥4.14 mmol/L, or 

triglycerides ≥2.26 mmol/L, or total cholesterol ≥6.22 mmol/L.  

 

3. Cardiovascular events: ascertainment and classification 

The goal of our study focused on the first-ever incident cardiovascular diseases 

(CVD), including stroke and CHD, by tracking disease incidence and death data 

through DMC medical insurance system in the Dongfeng Central Hospital[1]. Since the 



primary care cost of DMC retirees was covered by this medical insurance system, 

electronic medical records for outpatients and inpatients in the Dongfeng Central 

hospital could be easily linked to the existing database (collected by questionnaires) of 

the cohort by the ID and the unique medical insurance card number of each subject[1].  

Total CVD was diagnosed by cardiologists after looking through all medical records 

and medical insurance system in the Dongfeng Central Hospital based on the 

International Classification of Diseases (ICD) codes (ICD-10: 100-199) of the World 

Health Organization[6-8]. Total stroke (ICD-10: I60, I61, I63, I64, I69.0, I69.1, I69.3 

and I69.4) was defined as a sudden or rapid onset of focal neurological deficit that 

prolonged over 24 hours or until death. Its diagnosis was confirmed by patients’ clinical 

symptoms, magnetic resonance imaging or computed tomography. Total stroke was 

further categorized into ischemic stroke and hemorrhagic stroke. In line with the criteria 

of Trial of Org 10172 in Acute Stroke Treatment classification, ischemic stroke was 

determined, which included large atherosclerosis, small vessel occlusion, 

cardioembolic infarction and other subtypes with determined or undetermined causes 

of infraction[7].Hemorrhagic stroke included intracerebral hemorrhage and 

subarachnoid hemorrhage. Total CHD (ICD-10: I20-I25 and I46) was defined as fatal 

myocardial infarction (MI), non-fatal MI, coronary revascularization (coronary artery 

bypass graft or percutaneous transluminal coronary angioplasty), unstable angina or 

stable angina, which were diagnosed by signs or symptoms of ischemia, 

electrocardiogram or diagnostic enzymes. A severe type of CHD was acute coronary 

syndrome (ACS), consisting of unstable angina and acute MI[9].  

https://www.sciencedirect.com/topics/medicine-and-dentistry/brain-ischemia
https://www.sciencedirect.com/topics/medicine-and-dentistry/cerebral-hemorrhage
https://www.sciencedirect.com/topics/medicine-and-dentistry/subarachnoid-hemorrhage


4. Time split analysis 

Schoenfeld residual plot was performed to assess the assumption of proportional 

hazards, and follow-up time was split if the proportional hazards assumption was not 

met. The Schoenfeld residual plot only revealed a departure from the proportional 

hazard assumption between log-transformed systemic immune-inflammation index 

（SIII）and ischemic stroke (Schoenfeld individual test: p = 0.028). To address this 

departure, follow-up time was split into three strata (< 3 years, 3-6 years and ≥ 6 years), 

and hazard ratios (HR) of the log-transformed SIII for ischemic stroke for each stratum 

were separately calculated. For the time to event defined for each stratum, we take the 

participant with the first occurrence of the disease at 7.8 years follow-up as an example, 

his follow-up time was split into to the first (3 years), second (3 years) and third stratum 

(1.8 years). Hence the HR of ischemic stroke depends on how long an individual is free 

from the disease in the last stratum[10]. Furthermore, we also calculated a time-

dependent HR by using the timeSplitter () function in the “Greg” package [11] to divide 

each participant’s follow-up time from baseline until first onset of the disease or 

censoring into three strata (<3 years, 3-6 years and ≥6 years) and included the 

interaction of the follow-up time in years by log-transformed SIII in the model 

(timeSplitter vignette can be found at the website: https://cran.r-

project.org/web/packages/Greg/vignettes/timeSplitter.html) . 

 

5. Analysis by the multiple propensity scores adjusted approach 

The propensity scores (PSs) are the probability of treatment assignment 

conditional on observed characteristics at baseline. They can mimic certain 

https://www.sciencedirect.com/topics/medicine-and-dentistry/brain-ischemia
https://cran.r-project.org/web/packages/Greg/vignettes/timeSplitter.html
https://cran.r-project.org/web/packages/Greg/vignettes/timeSplitter.html


characteristics of randomized controlled trials and balance the distribution of covariates 

observed at baseline between treated and untreated groups[12]. Due to the observed 

imbalances in the basic variables of participants divided by the quartiles of SIII, the PSs 

methods were suggested for the main analysis to reduce the confounding effects[12]. 

As this study involved multiple treatment comparisons, which made it difficult to 

conduct matching and stratification on multiple PSs in clinical settings, and matching 

and stratification may also cause a big loss in the treatment samples, the multiple PSs 

adjusted approach instead of propensity scores matching/stratification was therefore 

determined[13]. The approach was described in detail elsewhere[13]. Briefly, we used 

multinomial logistic regression analysis with selected variables to generate the PSs as 

the proportional odds assumption by the Wald test was not met in the analyses for 

ordinary logistic regression model[14]. Following the findings of a study by Brookhart 

et al[15], three of our research team selected the variables, including age, sex, test center, 

educational level, smoking status, drinking status, physical activity, BMI, past history 

of hypertension, DM or hyperlipidemia, usage of CVD-influencing drugs (including 

aspirin, thrombolytic agent and anticoagulant), history of respiratory diseases 

(including emphysema, chronic bronchitis and asthmas), and family history of CHD or 

stroke. After checking the model goodness of fit and independence of irrelevant 

alternatives assumption of the multinomial logistic regressions using the Hosmer-

Lemeshow [16] and the Hausman and McFadden [17], respectively, the multinomial 

logistic regressions were performed to produce four separate propensity scores for each 

type of CVD events. To assess whether the balance in the distribution of all observed 



variables has been achieved in different quartiles of SIII, the differences in the 

distribution of baseline characteristics were compared using the analysis of covariance 

for continuous variables and the multinomial logistic regression analysis for categorical 

variables. These analyses were done adjusting for three of the four multiple propensity 

score and their interaction terms. Then, p values for significance of the differences in 

the distribution of baseline characteristics before and after correction the multiple PSs 

were compared to check the balancing effect of the generated propensity scores (Table 

S1). As shown in Table S1, all variables were balanced when adjusting propensity 

scores. Then Cox proportional hazards regression models were conducted to explore 

associations of quartiles of SIII with cardiovascular events after adjusting for three of 

the four multiple PSs and their interaction terms.  

  



Table S1   P values for significance of the differences in baseline characteristics for 

the quartiles of SIII before and after correction. 

Variables 
Crude 

 p value a 

Propensity score adjusted p value b 

CVD CHD ACS Stroke Ischemic stroke Hemorrhagic stroke 

Age <0.001c 0.999 0.996 0.993 0.997 0.995 0.985 

Female 0.005 c 0.993 0.978 0.977 0.943 0.900 0.768 

Education level 0.001 c 1.000 1.000 1.000 0.999 0.998 0.995 

< 6 years 
       

< 9 years 
       

< 12 years  
      

≥ 12 years  
      

Test center <0.001 c 0.989 0.999 0.978 0.997 0.996 0.998 

Body mass index <0.001 c 0.997 0.999 0.991 0.983 0.959 0.995 

Smoking habit <0.001 c 0.998 0.999 0.996 0.996 0.988 0.997 

Current smokers  
      

Ex-smokers  
      

Nonsmokers  
      

Drinking status 0.118 1.000 0.394 0.418 1.000 1.000 0.431 

Current drinkers  
      

Ex-drinkers  
      

Nondrinkers  
      



Table S1. Continued. 

Variables 
Crude p 

value a 

Propensity score adjusted p value b 

CVD CHD ACS Stroke Ischemic stroke Hemorrhagic stroke 

Physical activity 0.841 0.954 0.740 0.743 0.740 0.743 0.929 

Hypertension <0.001 c 0.999 0.944 0.882 0.96 0.981 0.952 

Diabetes mellitus <0.001c 0.997 0.996 0.994 0.994 0.995 0.994 

Hyperlipidemia 0.015 c 1.000 1.000 1.000 0.999 0.999 0.386 

Family history of CVD 0.174 0.972 1.000 0.993 0.995 0.994 0.846 

Respiratory diseases 0.733 0.999 0.999 0.907 0.992 0.903 0.767 

CVD-influencing drugs 0.448 0.953 0.950 0.950 0.612 0.598 0.878 

Antibiotics 0.040 c 0.064 0.068 0.067 0.074 0.088 0.057 

a p value for significance of the differences in the distribution of baseline characteristics 

of participants between quartiles of SIII without propensity scores adjustment. 

Differences of normally and non-normally distributed continuous variables were 

compared by analysis of variance and Kruskal-Wallis Test, respectively; Pearson χ2 test 

was used for categorical variables. 

b p value for significance of the differences in the distribution of baseline characteristics 

of participants between quartiles of SIII adjusting for three of the four multiple 

propensity score and their interaction terms. Comparisons were done using the analysis 

of covariance for continuous variables and the multinomial logistic regression analysis 

for categorical variables.  

c p < 0.05  



Supplement results 

6. Sensitivity analyses 

Table S2 Hazard ratios and 95% confidence intervals for incident cardiovascular events 

among the whole participants excluding individuals with leukocytes beyond the normal 

ranges (N =11,878) 

Cardiovascular events 

Log-transformed 

SIII 

Quartile of SIII 

p for 

trend a 

Q1 Q2 Q3 Q4 

<236.5161 236.5161-320.7337 320.7337-440.99 ≥433.7387 

Total CVD (N= 2945)       

Event, Incidence rate (95%CI) b  736, 34.31(31.92,36.88) 726, 33.7(31.34,36.24) 714, 33.1(30.76,35.62) 769, 36.31(33.83,38.96)  

Model 1c 1.136(1.046,1.233) Reference 1.022(0.923,1.133) 1.023(0.922,1.135) 1.133(1.022,1.255) 0.015 

Model 2d 1.079(0.993,1.173) Reference 1.001(0.903,1.109) 0.981(0.884,1.089) 1.068(0.963,1.184) 0.197 

 Total stroke (N= 712)       

Event, Incidence rate (95%CI) b  164, 7.06(6.05,8.22) 157, 6.76(5.78,7.9) 175, 7.54(6.5,8.74) 216, 9.48(8.29,10.83)  

Model 1c 1.324(1.123,1.562) Reference 1.001(0.804,1.246) 1.131(0.913,1.401) 1.398(1.137,1.72) <0.001 

Model 2d 1.237(1.047,1.461) Reference 0.98(0.787,1.221) 1.072(0.864,1.329) 1.293(1.051,1.592) 0.005 

   Ischemic stroke (N=567)       

Event, Incidence rate (95%CI) b  134, 5.76(4.87,6.83) 127, 5.47(4.59,6.51) 136, 5.86(4.95,6.93) 170, 7.46(6.42,8.67)  

Model 1c 1.301(1.081,1.566) Reference 0.987(0.774,1.258) 1.062(0.835,1.351) 1.316(1.044,1.658) 0.008 

Model 2d 1.217(1.01,1.466) Reference 0.966(0.757,1.232) 1.009(0.793,1.284) 1.218(0.966,1.537) 0.05 

 

  



Table S2. Continued. 

Cardiovascular events 

Log-transformed 

SIII 

Quartile of SIII 

p for 

trend* 

Q1 Q2 Q3 Q4 

<236.5161 236.5161-320.7337 320.7337-440.99 ≥433.7387 

Hemorrhagic stroke (N=145)       

Event, Incidence rate (95%CI) b  30, 1.29(0.9,1.85) 30, 1.29(0.9,1.85) 39, 1.68(1.23,2.3) 46, 2.02(1.51,2.69)  

Model 1c 1.42(0.984,2.048) Reference 1.06(0.639,1.76) 1.442(0.894,2.326) 1.779(1.116,2.837) 0.006 

Model 2d 1.319(0.911,1.909) Reference 1.04(0.626,1.727) 1.352(0.837,2.184) 1.642(1.028,2.623) 0.018 

  Total CHD (N=2233)       

Event, Incidence rate (95%CI) b  572, 26.13(24.07,28.36) 569, 25.92(23.88,28.14) 539, 24.55(22.56,26.71) 553, 25.46(23.42,27.67)  

Model 1c 1.073(0.976,1.18) Reference 1.033(0.92,1.16) 1.000(0.888,1.126) 1.049(0.931,1.182) 0.521 

Model 2d 1.022(0.929,1.124) Reference 1.013(0.901,1.138) 0.964(0.856,1.086) 0.992(0.88,1.118) 0.768 

   Acute coronary syndrome (N=994)       

Event, Incidence rate (95%CI) b  244, 11.14(9.83,12.63) 249, 11.34(10.02,12.84) 247, 11.25(9.93,12.74) 254, 11.69(10.34,13.22)  

Model 1c 1.159(1.006,1.334) Reference 1.061(0.889,1.267) 1.075(0.900,1.285) 1.126(0.942,1.347) 0.205 

Model 2d 1.09(0.945,1.256) Reference 1.037(0.869,1.238) 1.035(0.866,1.237) 1.050(0.877,1.256) 0.639 

Abbreviations: CVD, cardiovascular Disease; CHD, coronary heart disease; ACS, acute 

coronary syndrome; SIII, systemic immune-inflammation index. 

a Tests for linear trend were conducted by assigning median values of each quartile of 

SIII as a continuous variable in the models. 

b Incidence is defined as number of cardiovascular cases ⁄1000 person-years.  

c Adjusted for age, sex and test center. 



d Adjusted for baseline age, gender, test center, education, smoking status, drinking 

status, physical activity, body mass index, hypertension, diabetes mellitus, 

hyperlipidemia, usages of CVD-influencing drugs, and family history of coronary heart 

disease or stroke. 

  



Table S3. Hazard ratios and 95 % confidence intervals for incident cardiovascular 
events among the whole participants (N=13,874) 

Cardiovascular events 

Log-transformed 

SIII 

Quartile of SIII 

p for 

trend a 

Q1 Q2 Q3 Q4 

<223.0775 223.0775- 314.0137 314.0137-436.7894 ≥436.7894 

Total CVD (N=3378)       

Event, Incidence rate (95%CI) b  815,32.45(815) 853,33.96(853) 836,33.22(836) 874,35.24(874)  

Multivariate model c 1.073(1.002,1.148) Reference 1.059(0.961,1.165) 1.046(0.949,1.152) 1.100(0.998,1.213) 0.079 

Total stroke (N=801)       

Event, Incidence rate (95%CI) b  170,6.26(170) 181,6.67(181) 204,7.53(204) 246,9.23(246)  

Multivariate model c 1.278(1.113,1.468) Reference 1.093(0.886,1.348) 1.217(0.991,1.494) 1.434(1.174,1.751) <0.001 

Ischemic stroke (N=637)       

Event, Incidence rate (95%CI) b  137,5.05(137) 145,5.34(145) 162,5.98(162) 193,7.24(193)  

Multivariate model c 1.282(1.098,1.497) Reference 1.082(0.856,1.367) 1.185(0.942,1.49) 1.366(1.092,1.708) 0.004 

Hemorrhagic stroke (N=164)       

Event, Incidence rate (95%CI) b  33,1.22(33) 36,1.33(36) 42,1.55(42) 53,1.99(53)  

Multivariate model c 1.264(0.932,1.715) Reference 1.135(0.707,1.821) 1.337(0.845,2.115) 1.727(1.111,2.686) 0.008 

Total CHD (N=2577)       

Event, Incidence rate (95%CI) b  645,25.27(645) 672,26.25(672) 632,24.66(632) 628,24.69(628)  

Multivariate model c 1.007(0.932,1.089) Reference 1.049(0.941,1.169) 1.004(0.899,1.121) 1.000(0.894,1.119) 0.768 

ACS (N=1141)       

Event, Incidence rate (95%CI) b  269,10.71(269) 284,11.31(284) 296,11.76(296) 292,11.77(292)  

Multivariate model c 1.114(0.991,1.253) Reference 1.063(0.899,1.256) 1.126(0.954,1.33) 1.108(0.935,1.312) 0.235 



Abbreviations: CVD, cardiovascular Disease; CHD, coronary heart disease; ACS, acute 

coronary syndrome; SIII, systemic immune-inflammation index. 

a Tests for linear trend were conducted by assigning median values of each quartile of 

SIII as a continuous variable in the models. 

b Incidence is defined as number of cardiovascular cases ⁄1000 person-years.  

c Adjusted for baseline age, gender, test center, education, smoking status, drinking 

status, physical activity, metabolic syndrome, usages of CVD-influencing drugs, and 

family history of coronary heart disease or stroke. 

  



Table S4. Hazard ratios and 95% confidence intervals for incident cardiovascular 

events among the whole participants using multiple propensity scores adjusted 

approach (N=13,929) 

Cardiovascular events 

Quartile of SIII 

p for 

trend a 

Q1 Q2 Q3 Q4 

<223.079 223.079-313.905 313.905-436.800 ≥436.800 

Total CVD (N= 3386)      

Event, Incidence rate (95%CI) b 817, 32.39 (30.25,34.69) 854, 33.85 (31.66,36.2) 837, 33.10 (30.93,35.42) 878, 35.28 (33.03,37.7)  

Hazard ratios (95% CI) c Reference 1.037 (0.942,1.142) 0.998 (0.906,1.100) 1.051 (0.953,1.159) 0.423 

Total stroke (N= 801)      

Event, Incidence rate (95%CI) b 170, 6.24 (5.37,7.25) 181, 6.64 (5.74,7.68) 204, 7.49 (6.53,8.6) 246, 9.20 (8.12,10.42)  

Hazard ratios (95% CI) c Reference 1.061 (0.860,1.309) 1.149 (0.935,1.411) 1.342 (1.098,1.639) 0.002 

Ischemic stroke(N=637)      

Event, Incidence rate (95%CI) b 137, 5.03 (4.25,5.94) 145, 5.32 (4.52,6.26) 162, 5.95 (5.1,6.94) 193, 7.22 (6.27,8.31)  

Hazard ratios (95% CI) Reference 1.054 (0.834,1.332) 1.126 (0.894,1.417) 1.283 (1.025,1.606) 0.019 

  Hemorrhagic stroke (N=164)      

Event, Incidence rate (95%CI) b 33, 1.21 (0.86,1.70) 36, 1.32 (0.95,1.83) 42, 1.54 (1.14,2.09) 53, 1.98 (1.51,2.59)  

Hazard ratios (95% CI) c Reference 1.081 (0.673,1.735) 1.235 (0.78,1.954) 1.586 (1.020,2.466) 0.023 

Total CHD (N=2585)      

Event, Incidence rate (95%CI) b 647, 25.24 (23.37,27.27) 673, 26.18 (24.28,28.23) 633, 24.58 (22.74,26.58) 632, 24.77 (22.91,26.78)  

Hazard ratios (95% CI) c Reference 1.028 (0.922,1.145) 0.959 (0.859,1.072) 0.964 (0.862,1.078) 0.335 

 



Table S4. Continued. 

Cardiovascular events 

Quartile of SIII 

p for 

trend a 

Q1 Q2 Q3 Q4 

<223.079 223.079-313.905 313.905-436.800 ≥436.800 

ACS (N=1143)      

Event, Incidence rate (95%CI) b 269, 10.50 (9.31,11.83) 285, 11.09 (9.87,12.45) 296, 11.50 (10.26,12.88) 293, 11.48 (10.24,12.88)  

Hazard ratios (95% CI) c Reference 1.047 (0.886,1.238) 1.076 (0.910,1.271) 1.068 (0.902,1.265) 0.471 

Abbreviations: CVD, cardiovascular Disease; CHD, coronary heart disease; ACS, acute 

coronary syndrome; SIII, systemic immune-inflammation index. 

a Tests for linear trend were conducted by assigning median values of each quartile of 

SIII as a continuous variable in the models. 

b Incidence is defined as number of cardiovascular cases ⁄1000 person-years.  

c Adjusted for three of the four multiple propensity scores and their interaction terms.  



Table S5. Hazard ratios and 95 % confidence intervals for incident cardiovascular 

events among participants excluding those who had using antibiotics (N=12,956) 

Cardiovascular events 

Log-transformed 

SIII 

Quartile of SIII 

p for 

trend a 

<223.5660 223.5660-314.7399 314.7399-438.7500 ≥438.7500 

Q1 Q2 Q3 Q4 

Total CVD (N=2262) 

      

Event, Incidence rate (95%CI) b 

 

574,31.74(29.25,34.45) 577,33.01(30.43,35.82) 556,33.91(31.21,36.85) 555,37.96(34.93,41.25) 

 

Model 1c 1.084(1.013,1.161) Reference 1.071(0.969,1.183) 1.065(0.963,1.178) 1.168(1.057,1.291) 0.021 

Model 2d 1.022(0.953,1.095) Reference 1.014(0.918,1.121) 0.992(0.896,1.097) 1.072(0.969,1.185) 0.417 

Total stroke (N=493) 

      

Event, Incidence rate (95%CI) b 

 

104,5.31(4.38,6.43) 121,6.41(5.36,7.66) 127,7.18(6.03,8.55) 141,8.9(7.54,10.5) 

 

Model 1c 1.306(1.136,1.502) Reference 1.108(0.892,1.377) 1.239(1.002,1.533) 1.529(1.246,1.876) <0.001 

Model 2d 1.222(1.061,1.407) Reference 1.052(0.847,1.308) 1.142(0.923,1.413) 1.383(1.126,1.699) 0.001 

Ischemic stroke (N=109) 

      

Event, Incidence rate (95%CI) b 

 

85,4.34(3.51,5.37) 97,5.14(4.21,6.27) 98,5.54(4.55,6.75) 109,6.88(5.7,8.3) 

 

Model 1c 1.33(1.138,1.554) Reference 1.121(0.881,1.427) 1.188(0.936,1.509) 1.488(1.183,1.871) <0.001 

Model 2d 1.249(1.067,1.463) Reference 1.066(0.837,1.358) 1.099(0.864,1.396) 1.351(1.074,1.701) 0.005 

Hemorrhagic stroke (N=104) 

      

Event, Incidence rate (95%CI) b 

 

19,0.97(0.62,1.52) 24,1.27(0.85,1.9) 29,1.64(1.14,2.36) 32,2.02(1.43,2.86) 

 

Model 1c 1.216(0.892,1.659) Reference 1.052(0.639,1.731) 1.452(0.911,2.315) 1.701(1.077,2.687) 0.025 

Model 2d 1.121(0.819,1.534) Reference 0.986(0.599,1.624) 1.32(0.827,2.107) 1.518(0.959,2.403) 0.073 

 



Table S5.Continued. 

Cardiovascular events 

Log-transformed 

SIII 

Quartile of SIII 

p  for 

trend a 

<223.5660 223.5660-314.7399 314.7399-438.7500 ≥438.7500 

Q1 Q2 Q3 Q4 

Total CHD (N=1769) 

 

470,25.63(23.42,28.06) 456,25.63(23.38,28.09) 429,25.73(23.41,28.29) 414,27.7(25.16,30.5)  

Event, Incidence rate (95%CI) b  

     

Model 1c 1.014(0.937,1.097) Reference 1.059(0.946,1.184) 1.019(0.909,1.143) 1.057(0.942,1.186) 0.933 

Model 2d 0.958(0.884,1.038) Reference 1.007(0.9,1.127) 0.956(0.852,1.072) 0.976(0.869,1.096) 0.264 

   ACS (N=806) 

      

Event, Incidence rate (95%CI) b  209,11.4(9.95,13.05) 200,11.24(9.79,12.91) 200,12(10.44,13.78) 197,13.18(11.46,15.16)  

Model 1c 1.136(1.01,1.279) Reference 1.117(0.94,1.327) 1.162(0.978,1.381) 1.201(1.009,1.428) 0.104 

Model 2d 1.069(0.948,1.206) Reference 1.056(0.888,1.255) 1.084(0.911,1.289) 1.097(0.921,1.306) 0.476 

Abbreviations: CVD, cardiovascular Disease; CHD, coronary heart disease; ACS, acute 

coronary syndrome; SIII, systemic immune-inflammation index. 

a Tests for linear trend were conducted by assigning median values of each quartile of 

SIII as a continuous variable in the models. 

b Incidence is defined as number of cardiovascular cases ⁄1000 person-years.  

c Adjusted for baseline age, gender and test center. 

d Adjusted for baseline age, gender, test center, education, smoking status, drinking 

status, physical activity, body mass index, hypertension, diabetes mellitus, 

hyperlipidemia, usages of CVD-influencing drugs, and family history of coronary heart 

disease or stroke. 



Table S6. Associations between log-transformed systemic immune-inflammation 

index and total cardiovascular disease stratified by main characteristics. 

Subgroup 

No. of participants 

(Cases) 

Adjusted hazard ratios (95%CI) a 

p for 

trend b 

p for  

interaction c 

Quartile of systemic immune-inflammation index. 

Q1 Q2 Q3 Q4 

Age, years       

 <65 8788(1649) Reference 1.040(0.909,1.191) 0.908(0.790,1.043) 0.910(0.790,1.048) 0.072 0.012 

 ≥65 5141(1737) Reference 0.987(0.861,1.132) 1.031(0.900,1.181) 1.174(1.026,1.343) 0.007  

Gender        

  Male  6142(1741) Reference 0.956(0.834,1.095) 1.009(0.882,1.155) 1.113(0.973,1.274) 0.051 0.165 

  Female  7787(1645) Reference 1.110(0.968,1.271) 0.996(0.865,1.146) 1.027(0.891,1.183) 0.877  

Current smoker       

  No 6745(1411) Reference 1.052(0.944,1.172) 0.988(0.885,1.103) 1.044(0.936,1.166) 0.638 0.175 

  Yes 7184(1975) Reference 0.955(0.774,1.180) 0.989(0.802,1.219) 1.188(0.967,1.460) 0.052  

Current drinker       

  No 1458(355) Reference 1.062(0.951,1.187) 1.066(0.954,1.192) 1.090(0.974,1.220) 0.168 0.275 

  Yes 12471(3031) Reference 0.934(0.768,1.136) 0.852(0.698,1.040) 1.010(0.832,1.227) 0.893  

Physical inactivity      

  No 11305(2639) Reference 0.830(0.610,1.130) 0.979(0.724,1.324) 1.312(0.978,1.760) 0.893 0.149 

  Yes 2624(747) Reference 1.044(0.943,1.156) 1.003(0.905,1.111) 1.046(0.943,1.159) 0.540  

 

  



Table S6.Continued. 

Subgroup  

No. of participants 

(Cases) 

Adjusted hazard ratios (95%CI) a 

p for 

trend b 

p for  

interaction c 

Quartile of systemic immune-inflammation index. 

Q1 Q2 Q3 Q4 

Body mass index, kg/m2       

  <24  10813(2578) Reference 1.156(0.995,1.344) 1.031(0.884,1.202) 1.177(1.012,1.369) 0.105 0.269 

  ≥24  3116(808) Reference 0.979(0.864,1.11) 0.994(0.877,1.128) 0.993(0.874,1.128) 0.990  

Hypertension        

  No 7103(1228) Reference 1.084(0.927,1.268) 1.035(0.883,1.214) 0.964(0.818,1.135) 0.453 0.015 

  Yes 6826(2158) Reference 0.964(0.854,1.088) 1.014(0.899,1.144) 1.127(0.999,1.271) 0.020  

Diabetes mellitus       

  No 11525(2557) Reference 1.028(0.921,1.147) 0.960(0.858,1.073) 0.997(0.891,1.116) 0.743 0.025 

  Yes 2404(829) Reference 1.021(0.838,1.245) 1.083(0.889,1.318) 1.286(1.061,1.559) 0.005  

Hyperlipidemia       

  No 7904(1658) Reference 1.093(0.952,1.256) 1.034(0.899,1.189) 1.103(0.959,1.269) 0.274 0.546 

  Yes 6025(1728) Reference 1.005(0.879,1.148) 0.979(0.855,1.121) 1.043(0.911,1.195) 0.558  

a Risk estimates were adjusted for baseline age, sex, test center, educational level, 

smoking status, drinking status, physical activity, body mass index, hypertension, 

diabetes mellitus or hyperlipidemia, usage of CVD-influencing drugs and family 

history of coronary heart disease or stroke. Each subgroup adjusted for the other 

covariates except itself. 

c Tests for linear trend were conducted by assigning median values of each quartile of 



SIII as a continuous variable in the models. 

d p < 0.05 for significant interaction 

  



Table S7. Associations between log-transformed systemic immune-inflammation index 

and total coronary heart disease stratified by main characteristics. 

Subgroup  

No. of participants 

(Cases) 

Adjusted hazard ratios (95%CI) a 

p for 

trend b 

p for  

interaction c 

Quartile of systemic immune-inflammation index. 

Q1 Q2 Q3 Q4 

Age, years       

 <65 8788(1273) Reference 1.032(0.886,1.201) 0.866(0.74,1.014) 0.836(0.711,0.982) 0.007 0.085 

 ≥65 5141(1312) Reference 0.986(0.845,1.151) 1.011(0.866,1.180) 1.060(0.907,1.239) 0.382  

Gender        

  Male  6142(1237) Reference 0.982(0.839,1.149) 0.954(0.813,1.119) 1.001(0.852,1.176) 0.98 0.787 

  Female  7787(1348) Reference 1.059(0.912,1.23) 0.980(0.841,1.143) 0.958(0.819,1.121) 0.383  

Current smoker       

  No 6745(1077) Reference 1.068(0.947,1.205) 0.966(0.854,1.094) 0.968(0.853,1.098) 0.321 0.609 

  Yes 7184(1508) Reference 0.907(0.708,1.162) 0.967(0.757,1.236) 1.058(0.828,1.353) 0.456  

Current drinker       

  No 1458(264) Reference 1.037(0.916,1.174) 1.012(0.893,1.148) 0.999(0.879,1.135) 0.851 0.189 

  Yes 12471(2321) Reference 0.961(0.766,1.204) 0.853(0.675,1.077) 0.897(0.710,1.132) 0.293  

Physical inactivity      

  No 11305(2055) Reference 0.819(0.577,1.161) 0.87(0.613,1.237) 1.222(0.872,1.712) 0.296 0.234 

  Yes 2624(530) Reference 1.037(0.926,1.163) 0.973(0.866,1.093) 0.953(0.846,1.073) 0.249  

 
  



Table S7. Continued. 

Subgroup  

No. of participants 

(Cases) 

Adjusted hazard ratios (95%CI) a 

p for 

trend b 

p for  

interaction c 

Quartile of systemic immune-inflammation index. 

Q1 Q2 Q3 Q4 

Body mass index, kg/m2       

  <24 10813(2004) Reference 1.109(0.936,1.315) 1.036(0.872,1.231) 1.051(0.883,1.251) 0.837 0.314 

 ≥24 3116(581) Reference 1.004(0.872,1.155) 0.930(0.804,1.074) 0.922(0.796,1.067) 0.189  

Hypertension       

  No 7103(981) Reference 1.077(0.905,1.282) 1.036(0.868,1.236) 0.916(0.762,1.102) 0.232 0.149 

  Yes 6826(1604) Reference 0.981(0.855,1.126) 0.973(0.846,1.119) 1.021(0.887,1.176) 0.724  

Diabetes mellitus       

  No 11525(1955) Reference 1.029(0.91,1.165) 0.926(0.816,1.052) 0.922(0.810,1.050) 0.103 0.090 

  Yes 2404(630) Reference 0.993(0.793,1.243) 1.056(0.844,1.321) 1.164(0.933,1.451) 0.127  

Hyperlipidemia       

  No 7904(1249) Reference 1.056(0.902,1.236) 1.005(0.857,1.179) 1.021(0.869,1.200) 0.966 0.407 

  Yes 6025(1336) Reference 1.026(0.885,1.191) 0.931(0.798,1.086) 0.931(0.796,1.088) 0.228  

a Risk estimates were adjusted for baseline age, sex, test center, educational level, 

smoking status, drinking status, physical activity, body mass index, hypertension, 

diabetes mellitus or hyperlipidemia, usage of CVD-influencing drugs and family 

history of coronary heart disease or stroke. Each subgroup adjusted for the other 

covariates except itself. 

b Tests for linear trend were conducted by assigning median values of each quartile of 

SIII as a continuous variable in the models. 



c p < 0.05 for the significant interaction. 

 

 

  



Table S8. Associations between log-transformed systemic immune-inflammation index 

and total stroke stratified by main characteristics. 

Subgroup  

No. of participants 

(Cases) 

Adjusted hazard ratios (95%CI) a 

p for 

trend b 

p for  

interaction c 

Quartile of systemic immune-inflammation index. 

Q1 Q2 Q3 Q4 

Age, years       

  <65 8788(376) Reference 1.074(0.796,1.448) 1.065(0.792,1.432) 1.172(0.873,1.573) 0.305 0.088 

  ≥65 5141(425) Reference 1.010(0.753,1.356) 1.131(0.849,1.506) 1.507(1.147,1.980) 0.001  

Gender        

  Male  6142(504) Reference 0.905(0.689,1.187) 1.180(0.915,1.523) 1.372(1.068,1.762) 0.002 0.223 

  Female  7787(297) Reference 1.366(0.981,1.901) 1.072(0.755,1.522) 1.352(0.966,1.892) 0.210  

Current smoker       

  No 6745(334) Reference 0.997(0.782,1.272) 1.094(0.862,1.388) 1.311(1.042,1.650) 0.008 0.338 

  Yes 7184(467) Reference 1.108(0.74,1.658) 1.065(0.713,1.593) 1.478(1.005,2.173) 0.038  

Current drinker       

  No 1458(91) Reference 1.186(0.923,1.522) 1.298(1.015,1.659) 1.429(1.123,1.818) 0.004 0.626 

  Yes 12471(710) Reference 0.844(0.572,1.246) 0.864(0.588,1.27) 1.270(0.888,1.817) 0.086  

Physical inactivity      

  No 11305(584) Reference 0.896(0.464,1.729) 1.393(0.762,2.547) 1.476(0.805,2.709) 0.086 0.671 

  Yes 2624(217) Reference 1.071(0.858,1.337) 1.124(0.902,1.400) 1.357(1.098,1.677) 0.002  

 
  



Table S8. Continued. 

Subgroup  

No. of participants 

(Cases) 

Adjusted hazard ratios (95%CI) a 

p for 

trend b 

p for  

interaction c 

Quartile of systemic immune-inflammation index. 

Q1 Q2 Q3 Q4 

Body mass index, kg/m2       

  <24 10813(574) Reference 1.321(0.956,1.827) 1.030(0.735,1.444) 1.595(1.168,2.177) 0.007 0.640 

  ≥24 3116(227) Reference 0.901(0.684,1.188) 1.235(0.953,1.599) 1.206(0.930,1.566) 0.048  

Hypertension        

  No 7103(247) Reference 1.101(0.767,1.579) 1.036(0.719,1.494) 1.177(0.823,1.684) 0.422 0.137 

  Yes 6826(554) Reference 0.932(0.723,1.201) 1.157(0.909,1.472) 1.386(1.096,1.754) 0.001  

Diabetes mellitus       

  No 11525(602) Reference 1.044(0.821,1.326) 1.106(0.875,1.400) 1.261(1.002,1.588) 0.033 0.308 

  Yes 2404(199) Reference 1.132(0.743,1.727) 1.183(0.780,1.794) 1.589(1.068,2.366) 0.015  

Hyperlipidemia       

  No 7904(409) Reference 1.229(0.918,1.645) 1.164(0.869,1.559) 1.356(1.019,1.804) 0.059 0.702 

  Yes 6025(392) Reference 0.915(0.675,1.241) 1.148(0.859,1.534) 1.42(1.074,1.877) 0.002  

a Risk estimates were adjusted for baseline age, sex, test center, educational level, 

smoking status, drinking status, physical activity, body mass index, hypertension, 

diabetes mellitus or hyperlipidemia, usage of CVD-influencing drugs and family 

history of coronary heart disease or stroke. Each subgroup adjusted for the other 

covariates except itself. 

b Tests for linear trend were conducted by assigning median values of each quartile of 

SIII as a continuous variable in the models. 



c p < 0.05 for the significant interaction. 

  



Table S9. Hazard ratios and 95 % confidence intervals for incident cardiovascular 

events among the participants with diabetes (N =2,404) 

Cardiovascular events 

Log-transformed 

SIII 

Quartile of SIII 

p for 

trend a 

Q1 Q2 Q3 Q4 

<234.3810 234.3810-326.0000 326.0000-448.4286 ≥448.4286 

Total CVD (N= 795)  

     

Event, Incidence rate (95%CI) b  201,49.24(42.89,56.54) 197,47.61(41.41,54.75) 204,49.85(43.46,57.18) 227,57.56(50.54,65.56) 

 

Model 1 c 1.225(1.066,1.406)          Reference 1.009(0.829,1.229) 1.102(0.906,1.34) 1.282(1.059,1.554) 0.004 

Model 2 d 1.224(1.064,1.408) Reference 1.021(0.838,1.245) 1.083(0.889,1.318) 1.286(1.061,1.559) 0.005 

Total stroke (N= 191)      
 

Event, Incidence rate (95%CI) b  42,9.19(6.79,12.43) 46,10.09(7.56,13.48) 49,10.76(8.13,14.23) 62,14.12(11.01,18.11)  

Model 1 c 1.447(1.094,1.913)        Reference 1.13(0.743,1.719) 1.248(0.824,1.89) 1.616(1.088,2.401) 0.011 

Model 2 d 1.423(1.072,1.89)         Reference 1.132(0.743,1.727) 1.183(0.780,1.794) 1.589(1.068,2.366) 0.015 

Ischemic stroke(N=163)      
 

Event, Incidence rate (95%CI) b  37,8.09(5.86,11.17) 40,8.78(6.44,11.97) 45,9.88(7.38,13.23) 47,10.71(8.04,14.25) 

 

Model 1 c 1.361(1.004,1.843)        Reference 1.118(0.714,1.75) 1.299(0.838,2.013) 1.381(0.893,2.134) 0.129 

Model 2 d 1.343(0.987,1.828) Reference 1.116(0.711,1.751) 1.228(0.791,1.906) 1.364(0.880,2.112) 0.151 

Hemorrhagic stroke (N=28)      
 

Event, Incidence rate (95%CI) b  5,1.09(0.46,2.63) 6,1.32(0.59,2.93) 4,0.88(0.33,2.34) 15,3.42(2.06,5.67) 

 

Model 1 c 2.037(0.999,4.150) Reference 1.222(0.372,4.014) 0.862(0.23,3.224) 3.418(1.233,9.475) 0.004 

Model 2 d 1.991(0.957,4.142) Reference 1.288(0.389,4.260) 0.835(0.222,3.144) 3.398(1.210,9.545) 0.005 

 



Table S9. Continued. 

Cardiovascular events 

Log-transformed 

SIII 

Quartile of SIII 

p for 

trend a 

Q1 Q2 Q3 Q4 

<234.3810 234.3810-326.0000 326.0000-448.4286 ≥448.4286 

Total CHD (N=604)  

     

Event, Incidence rate (95%CI) b  159,38.2(32.7,44.63) 151,35.52(30.28,41.66) 155,37.13(31.72,43.46) 165,40.08(34.41,46.69) 

 

Model 1 c 1.132(0.966,1.327)   Reference 0.971(0.777,1.214) 1.057(0.846,1.32) 1.157(0.928,1.442) 0.122 

Model 2 d 1.13(0.963,1.326)    Reference 0.993(0.793,1.243) 1.056(0.844,1.321) 1.164(0.933,1.451) 0.127 

  ACS (N=294)      

 

Event, Incidence rate (95%CI) b  75,18.02(14.37,22.6) 69,16.23(12.82,20.55) 74,17.73(14.11,22.26) 88,21.38(17.35,26.35) 

 

Model 1 c 1.197(0.953,1.503)   Reference 0.945(0.681,1.311) 1.065(0.771,1.470) 1.284(0.940,1.753) 0.059 

Model 2 d 1.195(0.949,1.505)   Reference 0.948(0.682,1.318) 1.065(0.770,1.474) 1.288(0.942,1.762) 0.058 

Abbreviations: CVD, cardiovascular Disease; CHD, coronary heart disease; ACS, acute 

coronary syndrome; SIII, systemic immune-inflammation index. 

a Tests for linear trend were conducted by assigning median values of each quartile of 

SIII as a continuous variable in the models. 

b Incidence is defined as number of cardiovascular cases ⁄1000 person-years.  

c Adjusted for baseline age, sex, test center. 

d Adjusted for baseline age, sex, test center, educational level, smoking status, drinking 

status, physical activity, body mass index, hypertension, hyperlipidemia, usages of 

CVD-influencing drugs, family history of coronary heart disease or stroke.  

 



Table S11. Hazard ratios and 95 % confidence intervals for incident cardiovascular 
events among the whole participants (N=13,929) 

Cardiovascular events 

Log-transformed 

lymphocyte counts 

Quartile of lymphocyte counts 

p  for 

trend a 

Q1 Q2 Q3 Q4 

<1.57 1.57-1.91 1.91-2.35 ≥2.35 

Total CVD (N= 3386)             

Event, Incidence rate (95%CI) b   812,32.37(30.22,34.67) 823,32.4(30.26,34.69) 819,32.47(30.32,34.78) 932,37.41(35.09,39.89)   

Model 1 c 1.128(1.015,1.255) Reference 1.027(0.931,1.132) 1.007(0.913,1.11) 1.11(1.01,1.22) 0.034 

Model 2 d 0.976(0.877,1.087) Reference 0.984(0.892,1.085) 0.942(0.854,1.039) 0.983(0.893,1.082) 0.646 

Model 3 e 0.973(0.872,1.086) Reference 0.983(0.891,1.084) 0.94(0.852,1.038) 0.98(0.889,1.081) 0.636 

Model 4 f 0.981(0.881,1.092) Reference 0.983(0.891,1.084) 0.94(0.852,1.036) 0.98(0.89,1.079) 0.622 

Total stroke (N= 801)             

Event, Incidence rate (95%CI) b   181,6.7(5.79,7.75) 203,7.46(6.5,8.56) 217,8.01(7.02,9.16) 200,7.37(6.41,8.46)   

Model 1 c 0.993(0.799,1.233) Reference 0.892(0.728,1.092) 1.049(0.865,1.272) 0.911(0.748,1.11) 0.617 

Model 2 d 0.892(0.717,1.11) Reference 0.868(0.708,1.063) 1.001(0.824,1.216) 0.831(0.681,1.016) 0.148 

Model 3 e 0.859(0.687,1.073) Reference 0.855(0.698,1.048) 0.979(0.805,1.19) 0.804(0.657,0.986) 0.084 

Model 4 f 0.898(0.721,1.118) Reference 0.871(0.711,1.067) 1.005(0.827,1.221) 0.835(0.684,1.021) 0.167 

Ischemic stroke(N=637)             

Event, Incidence rate (95%CI) b   146,5.4(4.59,6.35) 149,5.47(4.66,6.43) 188,6.94(6.02,8.01) 154,5.67(4.84,6.64)   

Model 1 c 1.078(0.845,1.375) Reference 0.979(0.778,1.234) 1.24(0.999,1.54) 0.959(0.764,1.204) 0.986 

Model 2 d 0.956(0.748,1.222) Reference 0.953(0.756,1.201) 1.177(0.946,1.464) 0.866(0.688,1.09) 0.337 

Model 3 e 0.894(0.696,1.149) Reference 0.930(0.738,1.173) 1.132(0.909,1.41) 0.818(0.647,1.033) 0.155 

Model 4 f 0.957(0.749,1.224) Reference 0.955(0.758,1.203) 1.178(0.947,1.466) 0.867(0.688,1.092) 0.358 



Table S12. Continued. 

Cardiovascular events 

Log-transformed 

lymphocyte counts 

Quartile of lymphocyte counts 

p  for 

trend a 

Q1 Q2 Q3 Q4 

<1.57 1.57-1.91 1.91-2.35 ≥2.35 

 Hemorrhagic stroke (N=164)            

Event, Incidence rate (95%CI) b   35,1.29(0.93,1.80) 54,1.98(1.52,2.59) 29,1.07(0.74,1.54) 46,1.69(1.27,2.26)  

Model 1 c 0.723(0.449,1.165) Reference 0.65(0.423,0.999) 0.525(0.333,0.827) 0.78(0.523,1.162) 0.257 

Model 2 d 0.685(0.423,1.11) Reference 0.634(0.412,0.977) 0.513(0.325,0.811) 0.743(0.495,1.116) 0.198 

Model 3 e 0.738(0.453,1.203) Reference 0.653(0.423,1.007) 0.536(0.339,0.85) 0.79(0.523,1.194) 0.315 

Model 4 f 0.704(0.433,1.143) Reference 0.644(0.418,0.993) 0.522(0.33,0.826) 0.759(0.505,1.141) 0.227 

Total CHD (N=2585)            

Event, Incidence rate (95%CI) b   631,24.7(22.85,26.71) 620,23.87(22.07,25.83) 602,23.38(21.58,25.32) 732,28.9(26.88,31.07)  

Model 1 c 1.178(1.043,1.331) Reference 1.074(0.96,1.201) 0.995(0.889,1.114) 1.184(1.063,1.319) 0.005 

Model 2 d 1.018(0.900.151) Reference 1.028(0.919,1.15) 0.932(0.832,1.044) 1.049(0.94,1.17) 0.578 

Model 3 e 1.030(0.909,1.168) Reference 1.032(0.922,1.155) 0.938(0.837,1.052) 1.059(0.948,1.184) 0.455 

Model 4 f 1.023(0.904,1.157) Reference 1.025(0.916,1.147) 0.927(0.828,1.039) 1.043(0.935,1.163) 0.64 

   ACS (N=1143)            

Event, Incidence rate (95%CI) b   309,12.1(10.82,13.52) 257,9.9(8.76,11.18) 266,10.33(9.16,11.65) 311,12.28(10.99,13.72)  

Model 1c 1.107(0.923,1.329) Reference 1.3(1.1,1.537) 1.079(0.909,1.282) 1.234(1.044,1.457) 0.093 

Model 2 d 0.93(0.773,1.119) Reference 1.241(1.049,1.467) 1.001(0.842,1.191) 1.069(0.903,1.266) 0.918 

Model 3 e 0.933(0.773,1.126) Reference 1.243(1.051,1.471) 1.004(0.844,1.196) 1.075(0.905,1.276) 0.971 

Model 4 f 0.931(0.774,1.12) Reference 1.236(1.045,1.462) 0.994(0.835,1.182) 1.06(0.895,1.255) 0.845 



Abbreviations: CVD, cardiovascular Disease; CHD, coronary heart disease; ACS, acute 

coronary syndrome. 

a Tests for linear trend were conducted by assigning median values of each quartile of 

lymphocyte counts as a continuous variable in the models. 

b Incidence is defined as number of cardiovascular cases per 1000 person-years.  

c Adjusted for baseline age, sex and test center. 

d Adjusted for baseline age, sex, test center, educational level, smoking status, drinking 

status, physical activity, body mass index, hypertension, diabetes mellitus, 

hyperlipidemia, usages of CVD-influencing drugs, and family history of coronary heart 

disease or stroke.  

e As Model 2d and in addition platelet counts as a continuous variable.  

f As Model 2d and in addition hematocrit percentages as a continuous variable. 

  



Table S11. Hazard ratios and 95 % confidence intervals for incident cardiovascular 

events among the whole participants (N=13,929) 

Cardiovascular events 

Log-transformed 

neutrophil counts 

Quartile of neutrophil counts 

p for 

 trend a 

Q1 Q2 Q3 Q4 

<2.64 2.64-3.30 3.30-4.10 ≥4.10 

Total CVD (N= 3386)     

   

  

Event, Incidence rate (95%CI) b   811,31.04(28.97,33.25) 737,28.71(26.71,30.86) 863,34.94(32.68,37.35) 975,40.43(37.97,43.05)   

Model 1 c 1.312(1.182,1.456) 0.965(0.873,1.066) Reference 1.096(0.996,1.207) 1.25(1.138,1.373) <0.001 

Model 2 d 1.042(0.936,1.159) 1.064(0.962,1.177) Reference 1.04(0.945,1.145) 1.114(1.013,1.225) 0.159 

Model 3 e 1.065(0.955,1.187) 1.064(0.962,1.177) Reference 1.041(0.945,1.146) 1.115(1.013,1.226) 0.155 

Model 4 f 1.064(0.952,1.189) 1.064(0.962,1.177) Reference 1.041(0.945,1.147) 1.115(1.013,1.227) 0.162 

Model 5 g 1.061(0.952,1.183) 1.065(0.963,1.178) Reference 1.04(0.944,1.145) 1.113(1.012,1.223) 0.177 

Total stroke (N= 801)     

   

  

Event, Incidence rate (95%CI) b   169,6.01(5.17,6.99) 166,6.05(5.19,7.04) 208,7.8(6.81,8.93) 258,9.84(8.71,11.11)   

Model 1 c 1.548(1.245,1.924) 1.104(0.89,1.368) Reference 1.231(1.004,1.508) 1.463(1.203,1.779) <0.001 

Model 2 d 1.245(0.996,1.556) 1.221(0.984,1.516) Reference 1.175(0.958,1.441) 1.311(1.076,1.596) 0.127 

Model 3 e 1.281(1.021,1.607) 1.211(0.976,1.504) Reference 1.182(0.963,1.449) 1.323(1.086,1.613) 0.091 

Model 4 f 1.217(0.966,1.532) 1.23(0.99,1.527) Reference 1.165(0.949,1.429) 1.284(1.052,1.568) 0.222 

Model 5 g 1.263(1.008,1.583) 1.215(0.979,1.508) Reference 1.176(0.959,1.441) 1.311(1.076,1.598) 0.116 

 

 

 

 

 

  



Table S11.Continued. 

Cardiovascular events 

Log-transformed 

neutrophil counts 

Quartile of neutrophil counts 

 p for 

  trend a 

Q1 Q2 Q3 Q4 

<2.64 2.64-3.30 3.30-4.10 ≥4.10 

Ischemic stroke(N=637)   

    

  

Event, Incidence rate (95%CI) b   133,4.73(3.99,5.61) 134,4.88(4.12,5.78) 161,6.03(5.17,7.04) 209,7.97(6.96,9.12)   

Model 1 c 1.519(1.19,1.938) 1.139(0.895,1.448) Reference 1.201(0.954,1.512) 1.486(1.193,1.85) 0.002 

Model 2 d 1.205(0.939,1.547) 1.27(0.997,1.618) Reference 1.146(0.91,1.443) 1.322(1.06,1.65) 0.239 

Model 3 e 1.218(0.945,1.569) 1.261(0.989,1.606) Reference 1.151(0.914,1.45) 1.332(1.067,1.663) 0.195 

Model 4 f 1.114(0.862,1.440) 1.289(1.012,1.643) Reference 1.124(0.892,1.416) 1.264(1.01,1.582) 0.540 

Model 5 g 1.200(0.932,1.544) 1.267(0.994,1.614) Reference 1.146(0.91,1.443) 1.321(1.059,1.649) 0.235 

Hemorrhagic stroke (N=164)   

    

           

Event, Incidence rate (95%CI) b   36,1.28(0.92,1.78) 32,1.17(0.82,1.65) 47,1.76(1.32,2.34) 49,1.87(1.41,2.47)   

Model 1 c 1.667(1.029,2.699) 0.976(0.605,1.572) Reference 1.343(0.869,2.075) 1.374(0.89,2.119) 0.076 

Model 2 d 1.423(0.868,2.333) 1.047(0.648,1.693) Reference 1.295(0.837,2.003) 1.263(0.815,1.955) 0.288 

Model 3 e 1.568(0.949,2.593) 1.037(0.641,1.678) Reference 1.308(0.845,2.024) 1.288(0.831,1.996) 0.236 

Model 4 f 1.728(1.032,2.894) 1.018(0.629,1.648) Reference 1.334(0.862,2.066) 1.354(0.871,2.104) 0.140 

Model 5 g 1.557(0.944,2.566) 1.033(0.638,1.672) Reference 1.299(0.84,2.009) 1.275(0.823,1.975) 0.248 

 
 

 

   



Table S11.Continued. 

Cardiovascular events 

Log-transformed 

neutrophil counts 

Quartile of neutrophil counts 

 p for 

  trend a 

Q1 Q2 Q3 Q4 

<2.64 2.64-3.30 3.30-4.10 ≥4.10 

Total CHD (N=2585)   

    

  

Event, Incidence rate (95%CI) b   642,24.18(22.38,26.12) 571,21.84(20.12,23.71) 655,25.98(24.07,28.05) 717,29.04(26.99,31.24)   

Model 1 c 1.239(1.099,1.395) 0.923(0.824,1.033) Reference 1.056(0.947,1.178) 1.178(1.058,1.312) <0.001 

Model 2 d 0.989(0.875,1.117) 1.011(0.902,1.132) Reference 1.005(0.901,1.121) 1.053(0.945,1.174) 0.415 

Model 3 e 1.005(0.888,1.139) 1.013(0.904,1.135) Reference 1.003(0.899,1.119) 1.048(0.94,1.169) 0.487 

Model 4 f 1.027(0.904,1.166) 1.007(0.899,1.129) Reference 1.01(0.905,1.127) 1.062(0.952,1.186) 0.309 

Model 5 g 1.009(0.892,1.142) 1.013(0.904,1.135) Reference 1.004(0.9,1.12) 1.051(0.943,1.171) 0.480 

  ACS (N=1143)   

    

  

Event, Incidence rate (95%CI) b   279,10.51(9.34,11.82) 231,8.84(7.77,10.05) 298,11.82(10.55,13.24) 335,13.57(12.19,15.1)   

Model 1 c 1.491(1.244,1.787) 0.862(0.724,1.027) Reference 1.097(0.931,1.292) 1.251(1.066,1.468) <0.001 

Model 2 d 1.149(0.954,1.383) 0.953(0.799,1.136) Reference 1.039(0.882,1.225) 1.09(0.927,1.282) 0.116 

Model 3 e 1.187(0.982,1.434) 0.949(0.796,1.132) Reference 1.044(0.886,1.23) 1.097(0.932,1.29) 0.095 

Model 4 f 1.191(0.982,1.445) 0.949(0.796,1.132) Reference 1.044(0.886,1.231) 1.099(0.932,1.295) 0.096 

Model 5 g 1.166(0.966,1.407) 0.955(0.801,1.139) Reference 1.039(0.881,1.224) 1.087(0.924,1.278) 0.144 

 

Abbreviations: CVD, cardiovascular Disease; CHD, coronary heart disease; ACS, 

acute coronary syndrome. 

a Tests for linear trend were conducted by assigning median values of each quartile of 

neutrophil count as a continuous variable in the models. 



b Incidence is defined as number of cardiovascular cases /1000 person-years.  

c Adjusted for baseline age, sex and test center. 

d Adjusted for baseline age, sex, test center, educational level, smoking status, drinking 

status, physical activity, body mass index, hypertension, diabetes mellitus, 

hyperlipidemia, usages of CVD-influencing drugs, and family history of coronary heart 

disease or stroke.  

e As Model 2d and in addition lymphocyte counts as a continuous variable.  

f As Model 2d and in addition platelet counts as a continuous variable.  

g As Model 2d and in addition hematocrit percentages as a continuous variable. 

 

 

  



Table S12. Hazard ratios and 95 % confidence intervals for incident cardiovascular 

events among the whole participants (N=9,227) 

Cardiovascular events 

Log-transformed 

monocyte counts 

Quartile of monocyte counts 

p for 

trend a 

Q1 Q2 Q3 Q4 

<0.326 0.326-0.401 0.401-0.494 ≥0.494 

Total CVD (N=2262)             

Event, Incidence rate (95%CI) b   467,27.22(24.86,29.8) 523,30.99(28.45,33.77) 611,37.04(34.21,40.09) 661,41.17(38.15,44.44)   

Model 1 c 1.256(1.095,1.44) Reference 0.946(0.857,1.045) 1.059(0.964,1.164) 1.093(0.996,1.201) 0.003 

Model 2 d 1.074(0.935,1.235) Reference 1(0.906,1.105) 1.085(0.987,1.193) 1.065(0.969,1.171) 0.426 

Total stroke (N=493)             

Event, Incidence rate (95%CI) b   83,4.52(3.64,5.6) 113,6.2(5.15,7.45) 137,7.66(6.48,9.05) 160,9.14(7.83,10.67)   

Model 1 c 1.244(0.928,1.67) Reference 0.803(0.651,0.991) 0.884(0.726,1.075) 0.906(0.75,1.095) 0.064 

Model 2 d 1.054(0.783,1.419) Reference 0.875(0.709,1.079) 0.933(0.766,1.136) 0.920(0.760,1.113) 0.416 

Ischemic stroke (N= 389)             

Event, Incidence rate (95%CI) b   62,3.37(2.63,4.33) 93,5.1(4.16,6.25) 105,5.87(4.85,7.11) 129,7.37(6.2,8.76)   

Model 1 c 1.253(0.9,1.744) Reference 0.831(0.659,1.048) 0.848(0.679,1.06) 0.911(0.738,1.125) 0.073 

Model 2 d 1.059(0.757,1.481) Reference 0.9(0.713,1.136) 0.885(0.707,1.107) 0.914(0.739,1.13) 0.386 

 Hemorrhagic stroke (N= 104)             

Event, Incidence rate (95%CI) b   21,1.14(0.75,1.75) 20,1.1(0.71,1.7) 32,1.79(1.27,2.53) 31,1.77(1.25,2.52)   

Model 1c 1.215(0.64,2.306) Reference 0.694(0.425,1.133) 1.023(0.677,1.547) 0.886(0.579,1.357) 0.572 

Model 2 d 1.049(0.552,1.995) Reference 1.051(0.691,1.6) 1.002(0.675,1.485) 0.777(0.523,1.154) 0.908 

 



Table S12.Continued. 

Cardiovascular events 

Log-transformed 

monocyte counts 

Quartile of monocyte counts 

p for 

trend a 

Q1 Q2 Q3 Q4 

<0.326 0.326-0.401 0.401-0.494 ≥0.494 

Total CHD (N=1769)             

Event, Incidence rate (95%CI) b   384,22.08(19.98,24.4) 410,23.87(21.67,26.3) 474,28.22(25.79,30.88) 501,30.58(28.01,33.38)   

Model 1 c 1.258(1.077,1.469) Reference 0.999(0.893,1.117) 1.127(1.013,1.255) 1.168(1.049,1.301) 0.017 

Model 2 d 1.09(0.931,1.276) Reference 1.04(0.929,1.164) 1.14(1.023,1.269) 1.123(1.008,1.252) 0.575 

  ACS (N=806)             

Event, Incidence rate (95%CI) b   177,10.18(8.78,11.79) 170,9.9(8.52,11.5) 220,13.1(11.48,14.95) 239,14.59(12.85,16.56)   

Model 1c 1.318(1.048,1.659) Reference 0.964(0.81,1.147) 1.203(1.026,1.411) 1.259(1.074,1.475) 0.057 

Model 2 d 1.114(0.882,1.407) Reference 1.006(0.845,1.197) 1.21(1.031,1.420) 1.197(1.020,1.404) 0.649 

Abbreviations: CVD, cardiovascular Disease; CHD, coronary heart disease; ACS, acute 

coronary syndrome. 

a Tests for linear trend were conducted by assigning median values of each quartile of 

monocyte count as a continuous variable in the models. 

b Incidence is defined as number of cardiovascular cases ⁄1000 person-years.  

c Adjusted for baseline age, sex, and test center. 

d Adjusted for baseline age, sex, test center, educational level, smoking status, drinking 

status, physical activity, body mass index, hypertension, diabetes mellitus, 

hyperlipidemia, usages of CVD-influencing drugs, and family history of coronary heart 

disease or stroke. 
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