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Background: Two novel systemic inflammation indices, SII and SIRI, are associated with increased risk of cardiovascular diseases
(CVD). However, SII and SIRI are prone to change over time and the association between changeable status and long-term outcome
risk remains to be uncovered. This study aims to examine the association between the dynamic status of SII and SIRI and risk of CVD.
Methods: This prospective study included a total of 45,809 subjects without MI, stroke and cancer prior to or in 2010 (baseline of this
study). The dynamic status of SII and SIRI during 2006, 2008, and 2010 was assessed by dynamic trajectories (primary exposure),
annual increase, and average value. The outcome was CVD incidence during 8.6 years’ follow-up. Multiple Cox regression models
were used to calculate the adjusted hazard ratios (HRs) and confidence intervals (95% Cls).

Results: Four dynamic trajectories of SII and SIRI were identified as follows: low stable pattern, moderate stable pattern, increase
pattern, and decrease pattern. For SII, compared with “low stable pattern”, after controlling confounders and level of SII in 2006,
adjusted HRs were 1.24 (95% CI = 1.02-1.51) for “increase pattern” and 1.11 (95% CI = 1.00-1.23) for “moderate-stable pattern”
while the association was not significant for “decrease pattern”. Additionally, the highest group of annual SII increase and average SII
had respective HR of 1.20 (95% CI = 1.05-1.37) and 1.32 (95% CI = 1.13-1.55). The results were consistent for SIRI. “Increase
pattern” and “moderate stable pattern” increased the risk of CVD by 38% (HR = 1.38, 95% CI = 1.17-1.63) and 12% (HR =1.12, 95%
CI = 1.01-1.25), while no significant association was found for “decrease pattern”. The highest group of annual SIRI increase and
average SIRI had respective HR of 1.25 (95% CI = 1.09-1.44) and 1.39 (95% CI = 1.19-1.63).

Conclusion: Dynamic status of SII and SIRI was significantly associated with risk of CVD, which highlighted that we should focus
on the dynamic change of SII and SIRI.

Keywords: systemic inflammation, dynamic status, prospective study, cardiovascular diseases

Introduction

Globally, cardiovascular diseases (CVD) are the major cause of mortality and the first-leading cause of disability-adjusted life-
years (DALYs) in 2019."2 In China, CVD account for 40% of the total deaths in 2019, responsible for approximately 4.58 million
CVD deaths.*® The development of CVD may be attributable to key events such as loss of homeostasis, acidosis, increased
intracellular calcium levels, and excitotoxicity.” Previous studies have suggested that chronic low-grade inflammation is
a significant contributing factor in the pathogenesis of CVD.®? The biomarkers of chronic low-grade inflammation including
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peripheral platelet, neutrophil, lymphocyte and monocyte and the indices of chronic low-grade inflammation, constructed
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based on these inflammatory biomarkers, such as neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR) and

13716 \were associated with increased risk of CVD.

lymphocyte-to-monocyte ratio (LMR),

Recently, two novel inflammatory indices, which composed of platelet and three subtypes of white blood cell,
systemic immune inflammation index (SIT)!” and systemic inflammation response index (SIRI),'® were found to have
a better predictive value in the prognosis of CVD than other inflammatory biomarkers or indices.'”?* Most studies
exploring the effect of SII and SIRI focused on the association between the indices at baseline and CVD.?>*' However,
the inflammatory indices may change during the progression of CVD.**** Therefore, a single measurement of SII and
SIRI at baseline cannot truly represent the whole exposure. To our knowledge, the association between dynamic status of
SIT and SIRI and the risk of CVD remains to be uncovered. Examining the dynamic change over time and its impact on
the risk of CVD may provide imperative evidence to better understand the mechanism of previous identified association.

Hence, this prospective cohort study aims to examine the association between the dynamic status of SII and SIRI and
the risk of CVD.

Methods
Study Population

The Kailuan cohort study was a prospective population-based study conducted in Tangshan City, Hebei province, China.
The details of this cohort study have been described elsewhere.?> In brief, a total of 101,510 participants (81,110 men
and 20,400 women) who were currently working or retired employees of the Kailuan Group were recruited. From
June 2006, all participants were required to complete biennial health examinations, including health questionnaire,
anthropometric measurement, and biochemical tests. In this study, results of the first three health examinations (2006—
2010) were used to construct the dynamic status of SII and SIRI and after the third health examination, we followed up
subjects to observe whether they were diagnosed with CVD.

Subjects were excluded in the analysis if they met any criteria below in the first three health examinations: 1) absent
in the second or third health examinations; 2) with missing SII, SIRI; 3) with SII>1000 or SIRI>3 (to exclude acute
inflammatory conditions); 4) with acute inflammation-related disease; 5) diagnosed with myocardial infarction, stroke or
cancer. Finally, a total of 45,809 subjects were remained in the analysis (Figure 1). The study was approved by the
Zhejiang University, School of Medicine and the Ethics Committee of Kailuan General Hospital. All participants
provided written informed consent. This study was conducted according to the provisions of the Declaration of Helsinki.

Data Collection and Assessment
Demographic data were collected using a standard structured questionnaire. Variables included age, gender, educational
level (high school, above high school), monthly income level (<800 ¥/month, >800 ¥/month), smoking status (never, ever
smoking), drinking status (never, ever drinking), physical activity status (inactive, active), medication history, history of
type 2 diabetes and hypertension, and family history of cardiovascular disease. Ever smoking/drinking was defined as
past or current smoking/drinking. Participants who reported taking part in moderate and vigorous physical activities less
than once a week were classified as inactive in physical activity, and otherwise as active in physical activity.
Anthropometric data were measured by trained investigators following standard procedures, as previously
described.>2® Variables included height, weight, waist circumference (WC), and blood pressure (BP). Height and
weight were measured with the subjects wearing light clothing and no shoes. Body mass index (BMI) was calculated
by weight (kg) divided by the square of height (m?). WC was measured at midpoint of lowest rib and iliac crest. BP was
measured twice in the sitting position by a mercury sphygmomanometer, with a third measurement taken if the difference
between the two measurements was more than 5 mmHg, and the average of all measurements was used for analysis.
Biochemical data were collected from each subject after a 12-h overnight fast by using an auto-analyzer (Hitachi 747,
Tokyo, Japan). Variables included total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), and fasting blood glucose (FBG). TC, TG, HDL-C, and LDL-C were
measured by the enzymatic colorimetric method. FBG was determined by the hexokinase/glucose-6-phosphate
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101,510 subjects who participated the first
investigations in 2006 in the Kailuan cohort

1. 43,583 subjects who did not participate the
excluded  pealth examinations in 2008 and 2010

2. 4,768 subjects with missing data of SII, SIRI

among the first three health examinations

53,159 subjects with complete SII, SIRI data
for three times in 2006, 2008 and 2010

1. 2,947 subjects with SII >1000 or SIRI >3 among
the first three health examinations
excluded 7 643 subjects with acute inflammation-related
— . . .
disease among the first three health examinations
3. 3,760 subjects with myocardial infarction, stroke,
or cancer among the first three health examinations

45,809 subjects in the final analysis

Figure | Flowchart of the study population selection.
Abbreviations: Sll, systemic inflammation index; SIRI, systemic inflammation response index.

dehydrogenase method. Routine blood tests were measured with a full blood count analyzer (Sysmex XT-1800i, Sysmex
Corporation), including platelet, neutrophil, lymphocyte, and monocyte counts.

Definition of Dynamic Status of Sl and SIRI

SII was calculated by (Peripheral platelet counts x Neutrophil counts)/Lymphocyte counts. SIRI was calculated by (Monocyte
counts X Neutrophil counts)/Lymphocyte counts. The dynamic status of SII and SIRI was assessed based on results of the first
three health examinations conducted in 2006, 2008, 2010. We used latent mixture modeling within the Proc Traj
procedure®”*® to identify the dynamic trajectories of SII and SIRI. The details had been described elsewhere.”*° Briefly,
censored normal model was chosen given that SII and SIRI were continuous variables. We compared the models with different
trajectories and different terms. Bayesian information criterion (BIC) was used to assess the fitness of models. Finally, the
model with four trajectories and quadratic term was further analysed. Based on the pattern displayed, the four trajectories of
SIT and SIRI were labelled as “low stable pattern”, “moderate stable pattern”, “increase pattern”, and “decrease pattern”
(Figures 2 and 3).

We also composed two additional indicators for SII and SIRI to measure their dynamic status: 1) average value,
which was the average of SII/SIRI in 2006, 2008, 2010; 2) annual increase rate, which was defined as the slope of linear
regression model where follow-up duration was the independent variable and SII/SIRI in 2006, 2008, 2010 was the
dependent variable. Subjects were subsequently divided into four groups according to quartile of annual increase rate and
average of SII/SIRI, respectively.

Outcomes Ascertainment and Follow-Up

In the current study, all subjects were followed up after the third examination until the diagnosis of CVD, loss to follow-
up, or censoring date (December 31, 2019), whichever happened first. The CVD was defined as the composite of stroke
and myocardial infarction (MI). Stroke was diagnosed based on the World Health Organization criteria, which considers
clinical symptoms, brain computed tomography, or magnetic resonance imaging.>’ MI was diagnosed based on the
combinations of chest pain symptoms, electrocardiogram changes, and cardiac enzyme levels.** All outcome data were
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Figure 2 Dynamic trajectory of Sl during 2006-2010.
Abbreviation: Sll, systemic inflammation index.
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Figure 3 Dynamic trajectory of SIRI during 2006-2010.
Abbreviation: SIRI, systemic inflammation response index.

5948 o Journal of Inflammation Research 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Li et al

obtained from 11 local hospitals and Municipal Social Insurance Institution. The diagnostic records were reviewed by an
expert panel of three cardiologists to ensure the accuracy.

Statistical Analysis

Continuous variables with normal distribution are described as mean (standard deviation), otherwise described as median
(interquartile range). Categorical variables are described as number (percentage). Characteristics of the four dynamic
trajectories of SII and SIRI were compared using one-way ANOVA for continuous variables and chi-square test for
categorical variables.

Multiple Cox regression was used to estimate the association between the dynamic status of SII, SIRI and risk of
CVD. The reference groups were “low stable pattern” of SII, SIRI and Q1 of annual increase rate and average SII, SIRI.
Hazard ratios (HRs) were reported with 95% confidence intervals (Cls). To examine the consistency of the results, three
models were applied: Model 1 adjusted for age, sex, education level, income level, smoking status, drinking status,
physical activity status, family history of cardiovascular disease, and BMI; Model 2 additionally adjusted for hyperten-
sion, diabetes mellitus, LDL-C, anti-hypertensive drug use, anti-diabetic drug use, and lipid-lowering drug based on
Model 1; Model 3 additionally adjusted for SII or SIRI in 2006 based on Model 2. Sensitivity analysis were conducted to
test the robustness of the results: 1) stratified by age (<50 years and >50 years); 2) stratified by gender; 3) excluding
incident events during the first 2 years of follow-up; 4) excluding subjects with hypo-hyperthyroidism, liver and kidney
diseases, hematological diseases during 2006-2010. All statistical analysis were performed by R software version 4.0.2
and SAS version 9.4 (SAS Institute, Inc., Cary, NC). Statistical significance was set at P<0.05.

Result

Baseline Characteristics
A total of 45,809 subjects were included in this study. The mean age was 52.8 years and 75.9% of the participants were
male. During the 8.6-year follow-up, 2218 incident CVD cases were identified, including 387 MI cases and 1852 stroke
cases. The baseline characteristics of subjects by the trajectory patterns of SII and SIRI were summarised in Tables 1 and 2.
Overall, by the trajectory patterns of SII, 56.4% of the subjects were “low-stable pattern”, 31.8% were “moderate-
stable pattern”, 6.9% were “increase pattern”, and 4.8% were “decrease pattern”. For SIRI, the percentages were 46.6%,
40.7%, 7.3%, and 5.3%, respectively. Subject characteristics showed significant differences in age, sex, education level,
income level, smoking and drinking behaviors, physical activity, BMI, WC, SBP, DBP, FBG, and LDL-C between four
trajectory patterns of SII and SIRI (p<0.05). To explore the consistency of subject characteristics over years, the
characteristics measured in 2006 were also presented in Supplementary Tables 1 and 2. For lifestyles, the percentage

of ever smokers and ever drinkers decreased and the percentage of active physical activity increased among four
trajectory patterns of SII and SIRI from 2006 to 2010. For metabolic components, the means of SBP, DBP, WC, FBG,
LDL-C increased and there was no significant change in the distribution of BMI during the 4 years.

Associations Between the Dynamic Status of SlI, SIRI and CVD
The effects of different dynamic trajectories of SII and SIRI on CVD are summarised in Table 3. For SII, compared with “low
stable pattern”, after controlling confounders and level of SII in 2006, adjusted HRs were 1.24 (95% CI = 1.02—-1.51) for
“increase pattern” and 1.11 (95% CI = 1.00-1.23) for “moderate-stable pattern” while the association was not significant for
“decrease pattern” (HR = 1.03, 95% CI = 0.78-1.36). The results were consistent for SIRI. Compared with “low stable
pattern”, after controlling the confounding factors and SIRI level in 2006, “increase pattern” and “moderate stable pattern”
increased the risk of CVD by 38% (HR=1.38, 95% CI=1.17-1.63) and 12% (HR=1.12, 95% CI=1.01-1.25) while no
significant association was found for “decrease pattern” (HR=0.88, 95% CI=0.65-1.19). The Kaplan—-Meier cumulative
incidence curves of CVD by the dynamic trajectories of SII and SIRI were show in the Figures 4 and 5. Significant difference
of cumulative incidence curves were found for CVD among four dynamic trajectories of SII and SIRI (Log rank P < 0.01).
The average of SII and SIRI and the annual increase of SII and SIRI were also calculated to further assess the
association between the dynamic status of two indices and the risk of CVD, which are summarised in Tables 4 and 5. For
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Table | Characteristics of Subjects by the Trajectory Patterns of Sll in 2010
Low Stable | Moderate Stable Increase Decrease P value

Number of subjects 26,613 14,254 2954 1988 -
Age, mean (SD), years 53.0(12.1) 52.5(11.7) 53.0(11.6) 51.1(10.9) <0.001
Female, n(%) 5956(22.4) 3692(25.9) 867(29.4) 529(26.6) <0.001
BMI, mean(SD), kg/mz 25.1(3.3) 25.1(3.3) 25.0(3.3) 24.8(3.3) 0.005
High school or above, n(%) 7327(27.5) 3965(27.8) 750(25.4) 492(24.8) <0.001
Income >800 yuan/month, n(%) 14,838(55.8) 7507(52.7) 1525(51.6) 1130(56.8) <0.001
Ever smokers, n (%) 10,136(38.2) 5392(37.8) 1018(34.5) 857(43.1) <0.001
Ever drinkers, n(%) 9443(35.5) 4757(33.4) 910(30.8) 743(374) <0.001
Active physical activity, n(%) 3967(14.91) 1915(13.43) 365(12.36) 256(12.88) <0.001
Family history of CVD, n(%) 1264(4.7) 692(4.9) 143(4.8) 122(6.1) 0.052
Hypertension, n(%) 11,395(42.8) 6526(45.8) 1390(47.1) 877(44.1) <0.001
Diabetes mellitus, n(%) 2669(10.0) 1507(10.6) 341(11.5) 208(10.5) 0.041
SBP, mean(SD), mmHg 130.1(18.6) 130.7(19.1) 131.7(19.8) 130.5(18.7) <0.001
DBP, mean(SD), mmHg 83.9(10.5) 84.4(10.8) 84.7(11.1) 84.1(10.7) <0.001
WC, mean(SD), cm 88.3(10.2) 88.2(10.0) 87.9(10.0) 87.4(10.2) <0.001
FBG, mean(SD), mmol/L 5.61(1.76) 5.67(1.88) 5.68(1.60) 5.64(1.52) 0.005
LDL-C, mean (SD), mmol/L 2.57(0.90) 2.62(0.82) 2.62(0.79) 2.67(0.79) <0.001
Anti-hypertensive drug use, n(%) 2396(9.0) I1577(11.1) 334(11.3) 222(11.2) <0.001
Anti-diabetic drug use, n (%) 813(3.05) 456(3.20) 105(3.55) 51(2.57) 0.209
Lipid-lowering drug use, n(%) 236(0.89) 103(0.72) 22(0.74) 13(0.65) 0.260
SIRI, median (IQR) 0.48(0.36) 0.75(0.53) 1.00(0.65) 0.56(0.40) <0.001
SIl, median(IQR) 303.7(130.5) 516.8(159.5) 754.8(197.3) 417.8(176.5) <0.001

Abbreviations: SD, standard deviation; IQR, interquartile range; BMI, body mass index; CVD, cardiovascular disease; SBP, systolic blood

pressure; DBP, diastolic blood pressure; WC, waist circumference; FBG, fasting blood glucose; LDL-C, low-density lipoprotein cholesterol; SIRI,

systemic inflammation response index; Sll, systemic inflammation index.

Table 2 Characteristics of Subjects by the Trajectory Patterns of SIRI in 2010

Low Stable | Moderate Stable Increase Decrease P value

Number of subjects 23,283 17,123 3051 2352 -
Age, mean(SD), year 52.5(11.8) 53.1(12.0) 53.5(12.2) 52.2(11.6) <0.001
Female, n(%) 7303(31.4) 3060(17.9) 321(10.5) 360(15.3) <0.001
BMI, mean(SD), kg/m2 24.9(3.3) 25.3(3.3) 25.4(3.3) 25.3(3.3) <0.001
High school or above, n(%) 6830(29.3) 4352(25.4) 807(26.5) 545(23.2) <0.001
Income >800 yuan/month, n(%) 13,774(59.2) 8806(51.4) 1500(49.2) 920(39.1) <0.001
Ever smokers, n(%) 7899(33.9) 7143(41.7) 1360(44.6) 1001(42.6) <0.001
Ever drinkers, n(%) 7802(33.5) 6167(36.0) 1057(34.6) 827(35.2) <0.001
Active physical activity, n(%) 3711(15.9) 2211(12.9) 342(11.2) 239(10.2) <0.001
Family history of CVD, n (%) 1322(5.7) 728(4.3) 95(3.1) 76(3.2) <0.001
Hypertension, n(%) 9535(40.9) 7998(46.7) 1540(50.5) 1115(47.4) <0.001
Diabetes mellitus, n(%) 2157(9.3) 1928(11.3) 372(12.2) 268(11.4) <0.001
SBP, mean(SD), mmHg 128.8(18.4) 131.8(19.1) 133.2(18.8) 133.0(19.7) <0.001
DBP, mean(SD), mmHg 83.2(10.5) 84.9(10.6) 85.9(10.5) 85.6(11.3) <0.001
WC, mean(SD), cm 87.2(10.1) 88.8(10.0) 90.5(10.3) 89.3(10.0) <0.001
FBG, mean(SD), mmol/L 5.56(1.63) 5.69(1.91) 5.77(1.78) 5.73(2.18) <0.001
LDL-C, mean (SD), mmol/L 2.60(0.86) 2.60(0.86) 2.48(0.99) 2.58(0.79) <0.001
Anti-hypertensive drug use, n(%) 2241(9.63) 1755(10.25) 331(10.85) 202(8.59) 0.008
Anti-diabetic drug use, n(%) 690(2.96) 558(3.26) 113(3.70) 64(2.72) 0.054
Lipid-lowering drug use, n(%) 181(0.78) 145(0.85) 32(1.05) 16(0.68) 0.361
SIRI, median(IQR) 0.42(0.27) 0.75(0.40) 1.56(0.47) 0.88(0.70) <0.001
SIl, median(IQR) 320.7(172.0) 430.3(215.9) 611.2(272.5) 479.4(260.7) <0.001

Abbreviations: SD, standard deviation; IQR, interquartile range; BMI, body mass index; CVD, cardiovascular disease; SBP, systolic blood

pressure; DBP, diastolic blood pressure; WC, waist circumference; FBG, fasting blood glucose; LDL-C, low-density lipoprotein cholesterol; SIRI,

systemic inflammation response index; Sll, systemic inflammation index.
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Table 3 Incidence Rates and Risks of the Cardiovascular Disease by the Trajectory Patterns of Sl and SIRI

Events | Incidence Rate Hazard Ratio (95% CI)
Model | P value Model 2 P value Model 3 P value

NI

Low stable 1232 5.36 | (reference) - | (reference) - | (reference) -

Moderate stable 725 591 1.16(1.06—1.27) 0.002 1.11(1.02-1.22) 0.021 I.11(1.00-1.23) 0.049

Increase 172 6.80 1.32(1.13-1.55) <0.001 1.26(1.07-1.48) 0.005 1.24(1.02-1.51) 0.028

Decrease 89 5.17 1.11(0.89—1.38) 0.342 1.05(0.85-1.31) 0.638 1.03(0.78-1.36) 0.848
SIRI

Low stable 955 4.72 | (reference) - | (reference) - | (reference) -

Moderate stable 937 6.39 1.18(1.08-1.29) <0.001 1.15(1.05-1.26) 0.002 1.12(1.01-1.25) 0.034

Increase 217 84l 1.47(1.27-1.71) <0.001 1.43(1.23-1.66) <0.001 1.38(1.17-1.63) <0.001

Decrease 109 5.40 1.03(0.84-1.26) 0.788 0.99(0.81-1.20) 0.886 0.88(0.65—1.19) 0417

Notes: Cardiovascular disease was the composite of myocardial infarction and stroke. The incidence rate was presented as per 1000 person-years. Model |: adjusted for
age, sex, education level, income level, smoking status, drinking status, physical activity level, family history of cardiovascular disease, and BMI. Model 2: additionally adjusted
for hypertension, diabetes mellitus, LDL-C, anti-hypertensive drug use, anti-diabetic drug use, and lipid-lowering drug use on the basis of Model |. Model 3: additionally
adjusted for SIRI or Sll in 2006 on the basis of Model 2.

Abbreviations: SIRI, systemic inflammation response index; Sll, systemic inflammation index; Cl, confidence interval.

SII, compared with the Q1 group, after controlling confounders and level of SII in 2006, HRs for Q4 group of annual
increase rate and Q4 group of average SII were 1.20 (95% CI=1.05-1.37) and 1.32 (95% CI=1.13-1.55), respectively.
Similarly, for SIRI, compared with the Q1 group, after controlling confounders and level of SIRI in 2006, Q4 group of
annual increase rate showed a HR of 1.25 (95% CI=1.09-1.44) and Q4 group of average SIRI showed an HR of 1.39
(95% CI=1.19-1.63).

The analysis of two subtypes of CVD was summarised in Supplemental Tables 3—6. The results were similar for

stroke. The “increase pattern” and “moderate pattern” of SII and SIRI increased the risk of stroke while no significant
association was found in “decrease pattern”. Additionally, the highest group of annual increase and average of SII and
SIRI displayed the significant higher risk of stroke. However, for MI, whichever method of assessing the dynamic status,
the associations were no significant.

Sensitivity Analysis
After excluding the incident events during the first 2 years of follow-up, the marginal significant results were found for
SII and SIRI (Supplemental Tables 7 and 8). Subgroup analysis by age also documented marginal association of SII and

SIRI. When stratified by gender, the consistent results were found with the original analysis in males. The association
between the dynamic trajectory of SII and SIRI and risks of cardiovascular disease became nonsignificant for females.
After excluding subjects with hypo-hyperthyroidism, liver and kidney diseases and hematological diseases during 2006—
2010, the results were consistent for SII and SIRI (Supplemental Tables 9 and 10).

Discussion
In this large prospective study, we examined the association between dynamic status of two systemic inflammatory
indices, SII and SIRI, and risk of CVD. We had identified four different trajectory patterns of SII and SIRI, which were

LR I3 ERINNTY

“low stable pattern”, “moderate stable pattern”, “increase pattern” and “decrease pattern”. For both indices, compared
with “low stable pattern”, “moderate stable pattern” and “increase pattern” significantly increased the risk of CVD, while
no significant difference was noted for “decrease pattern”. The analysis of two additional indicators suggested that annual
increase rate and average of SII and SIRI were positively associated with risk of CVD.

The association between SII and SIRI at baseline and risk of CVD had been previously examined.*® > For example,
Aydin et al found that higher SII level would increase the risk of stroke.* Jin et al concluded that higher SII and SIRI
were associated with higher risk of developing CVD during a median follow-up period of 10 years.** A cohort study with

a median follow-up of 8.28 years found that higher SII was associated with higher risk of stroke and coronary heart
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Figure 4 Kaplan-Meier cumulative incidence curves of CVD for the dynamic patterns of SlI.
Abbreviation: Sll, systemic inflammation index.

disease among middle-aged and elderly Chinese adults.>> However, these studies only focused on the SII and SIRI at
baseline without considering their possible dynamic change during the follow-up. In our study, SII showed an increasing
pattern in 6.9% of the subjects and a decreasing pattern in 4.8% of the subjects over a 4-year period. Similarly, SIRI had
increased in 7.3% of the subjects and decreased in 5.3% of the subjects, which revealed that two indices were prone to
change during the follow-up. Hence, bias may exist when results were generated from baseline indices only.

Our study explored the association between the dynamic status, which assessed by dynamic trajectory, annual
increase and average value, of two indices and risk of CVD. We found that the risk of CVD was significantly higher
among subjects whose SII and SIRI were maintained at a moderate level and subjects with high average SII and SIRI.
Moreover, we noted that subjects who showed an increasing pattern of SII and SIRI had considerably higher risk of
stroke, and this was supported by the finding of increased risk for high annual increase rate, while subjects with reduced
SII and SIRI had better outcome. These results suggested that the risk of CVD was not only associated with the high
overall level but also the increasing trend of SII and SIRI. Analysing the dynamic status of SII and SIRI may provide
additional information in risk assessment of CVD. Individuals whose SII and SIRI maintained at a high level or showed
an increasing trend over time should be timely identified and offered early intervention to improve the clinical outcomes.
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Figure 5 Kaplan-Meier cumulative incidence curves of CVD for the dynamic patterns of SIRI.
Abbreviation: SIRI, systemic inflammation response index.

As SII and SIRI were composed based on the inflammation cells, including neutrophil, monocyte, lymphocyte,
platelet, the dynamic change of SII and SIRI may be attributed to the dynamic changes of these inflammation cells, which
probably involved in the pathological process of CVD.**? In the early stage of atherosclerosis inflammatory response,
neutrophils can extreme release of enzymes with hydrolytic properties and proinflammatory agents and be able to
produce protease MMP-9, which could damage the basal lamina and harm the brain tissue causing CVD.*° In
atherosclerosis, apolipoprotein B-lipoproteins accumulated in the matrix beneath the endothelial cell layer of blood
vessels, which led to the recruitment of monocytes. Derived from these recruited monocytes, macrophages were involved
in a maladaptive inflammatory response that enlarged the subendothelial layer due to accumulation of cells, lipids, and
matrix. Some lesions subsequently form a necrotic core, triggering CVD.?’° Platelets, adhere to subendothelial
components, were activated and released a variety of mediators that allow new platelets to aggregate. At the same
time, thrombin was produced on the platelet surface and enhanced the phenomenon. Arterial thrombosis consisted
primarily of platelets with low fibrin content, as high blood flow avoids localized thrombin accumulation. Mural artery
thrombosis may embolize, incorporate into the vessel wall, or obstruct the arterial lumen.**** Conversely, lymphocytes
can probably regulate inflammation response and exert the inhibitory effect on atherosclerosis.** Thus, higher SII and
SIRI value could activate the immune and inflammatory response in humans, which could lead to the poor outcomes.
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Table 4 Incidence Rates and Risks of the Cardiovascular Disease by Quartiles of Annual SlI Increase and Quartiles of Average SlI

Events | Incidence Rate Hazard Ratio (95% CI)
Model | P value Model 2 P value Model 3 P value

Annual Sll increase

<-11.44 513 5.17 | (reference) - I (reference) - | (reference) -

—11.44 to 516 5.21 0.91(0.80-1.03) 0.122 0.92(0.81-1.04) 0.159 0.97(0.85-1.11) 0.675

13.12— 575 5.84 1.02(0.90-1.15) 0.749 1.02(0.91-1.15) 0.719 1.09(0.96—1.25) 0.179

239.88 614 6.24 1.13(1.01-1.28) 0.036 1.12(1.00-1.26) 0.060 1.20(1.05-1.37) 0.006
Average SlI

<279.87 520 5.26 | (reference) - | (reference) - | (reference) -

279.87— 522 5.26 1.06(0.94-1.19) 0.367 1.04(0.92—1.18) 0.506 1.06(0.94-1.20) 0.351

355.93— 546 5.52 1.13(1.00-1.27) 0.054 1.09(0.97-1.23) 0.165 1.13(0.99-1.29) 0.080

2446.94 630 6.42 1.32(1.18-1.49) <0.001 1.24(1.11-1.4) <0.001 1.32(1.13-1.55) <0.001

Notes: Cardiovascular disease was the composite of myocardial infarction and stroke. The incidence rate was presented as per 1000 person-years. Model |: adjusted for
age, sex, education level, income level, smoking status, drinking status, physical activity level, family history of cardiovascular disease, and BMI. Model 2: additionally adjusted
for hypertension, diabetes mellitus, LDL-C, anti-hypertensive drug use, anti-diabetic drug use, and lipid-lowering drug use on the basis of Model |. Model 3: additionally
adjusted for Sl in 2006 on the basis of Model 2.

Abbreviations: Sll, systemic inflammation index; Cl, confidence interval.

Table 5 Incidence Rates and Risks of the Cardiovascular Disease by Quartiles of Annual SIRI Increase and Quartiles of Average SIRI

Events | Incidence Rate Hazard Ratio (95% CI)
Model | P value Model 2 P value Model 3 P value

Annual SIRI increase

<—0.0598 529 5.31 I (reference) - I (reference) - I (reference) -

—0.0598 to 521 5.26 0.98(0.87—1.11) 0.732 0.98(0.87-1.11) 0.730 1.05(0.92—-1.21) 0.469

—0.0014 to 492 4.99 0.88(0.78-0.99) 0.040 0.87(0.77-0.99) 0.032 0.95(0.83—1.10) 0.515

20.0606 676 6.90 1.15(1.03-1.29) 0.015 1.15(1.02-1.29) 0.020 1.25(1.09-1.44) 0.001
Average SIRI

<0.428 415 4.15 | (reference) - I (reference) - I (reference) -

0.428- 506 5.09 1.10(0.97-1.26) 0.143 1.07(0.94-1.22) 0.292 1.09(0.96—1.25) 0.195

0.586— 599 6.09 1.23(1.09-1.40) 0.002 1.19(1.05-1.35) 0.007 1.24(1.08-1.41) 0.002

20.796 698 7.17 1.36(1.20-1.54) | <0.001 1.29(1.14-1.47) <0.001 1.39(1.19-1.63) <0.001

Notes: Cardiovascular disease was the composite of myocardial infarction and stroke. The incidence rate was presented as per 1000 person-years. Model |: adjusted for
age, sex, education level, income level, smoking status, drinking status, physical activity level, family history of cardiovascular disease, and BMI. Model 2: additionally adjusted
for hypertension, diabetes mellitus, LDL-C, anti-hypertensive drug use, anti-diabetic drug use, and lipid-lowering drug use on the basis of Model |. Model 3: additionally
adjusted for SIRI in 2006 on the basis of Model 2.

Abbreviations: SIRI, systemic inflammation response index; Cl, confidence interval.

Several evidence have found that SII and SIRI have a higher predictive value than other inflammatory biomarkers and
indices in predicting cardiovascular events.”"*** Candemir et al found that SII was a risk factor for atherosclerosis and
compared with ratios such as the NLR, MLR, and PLR, SII might be a better predictor for coronary artery lesion
severity.** Zhang et al concluded that outperformed NLR, PLR, LMR, and RDW in predictive power, SIRI was
a promising low-grade inflammatory indicator for predicting stroke prognosis.”' Based on routine measurements of
blood cells counts in clinical setting, SII and SIRI were both noninvasive and easily accessible approaches, which may
become promising tools for predicting cardiovascular events in the future clinical practice.

Another notable finding of this study was that the association was found to be significant for stroke but not MI. The
results of several previous studies remained unconcluded.>**> SIT and SIRI at baseline were associated with risk of both
stroke and MI,** while another study found that a significant association was found in stroke but not MI.?>> One possible
explanation was that bias may exist when results were generated from baseline indices or the low incidence of MI in our

study undermined the statistical power in examining the relationship between SII and SIRI and MI. Future studies were
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needed to confirm this finding. Subgroup analysis by gender showed that significant association was found in males but
not females. Most subjects were males, therefore the relatively smaller sample size in female subjects may be a likely
reason. Much efforts need to be conducted to explain the results.

Strengths and Limitations

The major strengths of this study are the large prospective cohort and long follow-up period. This study has provided
novel evidence on the association between SII, SIRI and risk of CVD by focusing on the dynamic change of indices over
time. To the best of our knowledge, this is the first study to investigate the association between dynamic status of SII and
SIRI and risk of CVD.

There are also several limitations in our study. First, due to the subjects were recruited from the currently working or
retired employees of the Kailuan Group, approximately 80% subjects were males, which may restrict the generalization
of results. Second, the dynamic status of SII and SIRI was measured based on the first three health examination, which
only reflected the change over 4 years. Future studies may consider extending the assessment period for better precision.
Third, although the analysis adjusted the impact of various confounding factors, other unmeasured variables such as
genetic susceptibility might exist and influence our results.

Conclusion
In conclusion, dynamic status of SIRI and SII were significantly associated with risk of CVD. Our findings highlight that
we should focus on the dynamic change of SII and SIRI.
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