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Background: SII and SIRI are two novel systemic inflammation indexes that were sug-
gested in predicting poor outcomes in cancers. However, no studies have examined their
effect on cardiovascular diseases (CVDs) and all-cause mortality. Thus, this study aims to
investigate associations between SII, SIRI, and the risks for CVDs and all-cause mortality.
Methods: A total of 85,154 participants from the Kailuan cohort were included and
followed up for incidents of CVDs (including MI, stroke) and all-cause death for 10 years.
Multiple Cox regression was used to calculate the adjusted hazard ratios (HRs).

Results: During the follow-up period, 4262 stroke events, 1233 MI events, and 7225 all-
cause deaths were identified, respectively. Compared with the lowest quantile (Q1) of SII or
SIRI, after adjusted for most cardiovascular risk factors, both indexes showed positive
associations with the risk for stroke (adjusted HRs in Q4 were 1.264 (95% CI:
1.157,1.382) for SII, 1.194 (95% CI: 1.087,1.313) for SIRI), and all-cause death (adjusted
HRs in Q4 were 1.246 (95% CI: 1.165,1.331) for SII, 1.393 (95% CI: 1.296,1.498) for SIRI).
Additionally, higher SII and SIRI are also associated with increased risk of hemorrhagic
stroke and ischemic stroke. Higher SIRI but not SII exhibited a higher MI risk, the adjusted
HR in Q4 was 1.204 (1.013,1.431). The significant association remained after additional
adjustment for CRP. Subgroup analysis and sensitivity analysis displayed consistent results
except for SIRI with MI, where the association did not arrive at significance in subjects aged
>60.

Conclusion: Elevated SII and SIRI increased the risk of stroke, two stroke subtypes, and
all-cause death. Higher SIRI, but not SII associated with increased MI incidence, and the
association of SIRI was only significant in subjects aged <60.
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Cardiovascular diseases (CVDs) are the most common non-communicable dis-
eases globally responsible for an estimated 17.7 million deaths in 2017." Much
evidence has suggested that chronic low-grade inflammation plays a critical role
in the pathogenesis of atherosclerosis and CVDs.>* Vascular endothelial injury,
oxidative stress, thrombosis may be potentially underlying the mechanisms.*’
Several prospective studies also demonstrated that WBC and its elements,
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including neutrophil, monocyte, lymphocyte, as inexpen-
sive and easily accessible system inflammatory biomar-
kers, were associated with an increased risk of coronary

heart diseases,éf8 stroke,g’lo 11-13

and all-cause mortality.
Additionally, by integrating two different complementary
immune pathways, neutrophil to lymphocyte ratio (NLR)
and platelet-to-lymphocyte ratio (PLR) were found to
have a greater predictive value in the prognosis of
CVDs and its-related mortality.'*'® Previous work also
reported that higher CRP was an independent predictor
for the risk of CVDs.'%?°

Recently, two novel inflammatory markers, systemic
immune inflammation index (SII) and system inflamma-
tion response index (SIRI), composed of platelet and three
subtypes of WBC, have been proposed to be associated
with poor outcomes of cancers, and display a better pre-
dictive ability than NLR and PLR.*'* However, their
associations with CVDs and all-cause death have not
been elucidated yet, thus this study aims to determine the
associations between SII, SIRI with CVDs, and all-cause
mortality.

Methods

Study Population

The participants of this study were recruited from the
Kailuan cohort study, which is a large, prospective, popula-
tion-based study. The details of this cohort were previously
reported elsewhere.”” In brief, from June 2006 to
October 2007, a total of 101,510 participants (81,110 men
and 20,400 women) aged 18-98 years were recruited. All
participants were allowed to complete a health examination
including biennial questionnaire, physical examination, and
biochemical tests. In this present study, participants were
excluded if they had at least one of the following: i) with
acute inflammation response or too low WBC count, defined
as the WBC counts >10*10°/L, or CRP >10.00 mg/L, or
WBC counts <4*10%/L; ii) without information of question-
naire, physical examination, biochemical tests; iii) with
baseline CVDs including stroke, myocardial infarction
(MI), or cancer; iv) with baseline chronic liver diseases or
kidney diseases; v) with inflammation-related diseases
including pneumonia, bronchitis, rhinitis, enterogastritis,
cholecystitis, allergic dermatitis, phlebophlogosis, pleuritis,
parotitis, angiitis, urocystitis, pancreatitis, pharyngitis, or
periodontitis. Finally, a total of 85,154 subjects were
included in the final analysis (Figure 1).

The study was approved jointly by the Ethics
Committee of Kailuan General hospital and School of
Medicine, Zhejiang University. All the participants gave
written informed consent. The study was conducted
according to the provisions of the Declaration of Helsinki.

Baseline Data Collection

The baseline data were obtained from a standardized
questionnaire, variables including age, gender, marriage
status (married, divorced, others), education level (pri-
mary school, above primary school), physical activity
(active, inactive), income level (<1000¥ /month, >1000
¥ /month), smoking status (never, former/quit, occasion-
ally, often smoking), drinking status (never, former,
current drinker), a family history of MI and stroke,
and a history of type 2 diabetes and hypertension were
collected by trained doctors and nurses, a history of
stroke or MI was determined by self-reported physician
diagnosis. Type 2 diabetes was defined as a fasting
blood glucose level >7.0 mmol/L, taking oral hypogly-
cemic agents or insulin, or self-reported physician diag-
nosis. Hypertension was defined as self-reported use of
antihypertensive medication, having a history of hyper-
tension, systolic blood pressure >140 mmHg, or diasto-
lic blood pressure >90 mmHg. Height, weight, and
blood pressure were measured according to standard
procedures. Body mass index (BMI) was calculated as
body weight (kg) divided by the square of height (m?).
With a mercury sphygmomanometer, blood pressure was
measured twice on the left arm after at least 5 min rest,
if the difference between the two measurements was
more than 5 mmHg, then the third measurement was
taken, the average of the measurements was used for the
final analysis.

Fasting blood samples were collected in the morning,
biochemical parameters, including fasting blood glucose,
total triglyceride, total cholesterol, and high-density
lipoprotein cholesterol levels were measured with an
auto-analyzer (Hitachi 747; Hitachi, Tokyo, Japan) at
the central laboratory of Kailuan General Hospital.
Fasting blood glucose (FBG) was determined using the
hexokinase/glucose-6-phosphate dehydrogenase method.
Triglycerides (TGs), total cholesterol (TC), high-density
lipoprotein (HDL), and low-density lipoprotein (LDL)
were measured using the direct test method (Mind
Bioengineering Co. Ltd., Shanghai, China). Routine
blood tests including platelet, neutrophil, lymphocyte,
and monocyte counts were determined by a full blood
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A total of 101510 participants completed the baseline survey

iv.

16356 participants were excluded:

With WBC counts<4.00 or >10.00 10°/L,
or CRP>10.00 mg/L (n=10174)

With cardiovascular disease or cancer
(n=3528)

With chronic liver diseases or kidney
diseases (n=154)

With  inflammatory-related
(n=1264)

Without information of questionnaire,
physical examinations and biochemical
assessments (n=1243)

diseases

v

A total of 85154 participants were included in the final analysis

Figure | Flow chart of the participants.

XT-1800i,
Corporation). High-sensitivity C-reactive protein (CRP)

count  analyzer  (Sysmex Sysmex
was measured using a high-sensitivity, particle-enhanced
immunonephelometric assay (Cias Latex CRP-H, Kanto

Chemical, Tokyo, Japan).

Definition of SIl and SIRI

SII is defined as (P x N)/L, where P, N, and L represent the
peripheral platelet, neutrophil, and lymphocyte counts,
respectively. SIRI is defined as (N x M)/L, where N, M,
and L represent, respectively, the counts of peripheral
neutrophil, monocyte, and lymphocyte.

Outcomes Ascertainment

The participants were followed up from the baseline
examination to December 31, 2017, or the first occur-
rence of the outcomes including nonfatal and fatal MI,
stroke, or all-cause death. The outcomes information was
collected from medical records and discharge register
from 11 Kailuan hospitals and the Municipal Social
Insurance Institution. Death was verified by death certifi-
cates from local vital statistics offices. The diagnostic
criteria for MI was based on combinations of chest pain
symptoms, electrocardiogram changes, and cardiac
enzyme levels®. Stroke was diagnosed according to the
World Health Organization criteria,”’ which requires
symptoms of neurological deficits, brain computed tomo-
graphy, or magnetic resonance imaging. Strokes were

further classified into two types in this current study, the

ischemic stroke (cerebral infarction) and hemorrhage
stroke (including intracerebral hemorrhage and subarach-
noid hemorrhage).

All the outcomes were validated by the Data Safety
Monitoring Board and the Arbitration Committee for
Clinical Outcomes.

Statistical Analysis

The population was, respectively, divided into four groups
according to their baseline SII, SIRI levels. Continuous
variables were described as mean + standard deviation, or
median (25th percentile, 75th percentile) for skew distri-
bution, and were compared among groups with one-way
ANOVA test or Kruskal-Wallis test. Categorical variables
were described as percentage and were compared with the
Chi-Square test.

Cox proportional hazards regression model was used to
estimate the associations of three system inflammatory
markers with the incidence of stroke, MI, and all-cause
death, the reference group was the first quantile. The
proportional-hazards assumption was checked with the
likelihood ratio test. The hazard ratios (HRs) and corre-
sponding 95% confidence intervals (Cls) were calculated
in each group. The Cochran—Armitage test was applied to
examine the linear trends between levels of system inflam-
mation and the risk for CVDs and death. Three Cox
models were applied: Model 1 was unadjusted; Model 2
was adjusted for age, gender, BMI, smoking, drinking,

education, marriage, income, physical activity, family
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history of cardiovascular disease; Model 3 was adjusted
the variables in model2 plus CRP. The subgroup analysis
by gender or age was conducted. To confirm the robust-
ness of our findings, several sensitivity analyses were
performed by 1) excluding the events that occurred within
the first 2 years of follow-up; ii) excluding current or
former smokers and drinkers. The model2 was applied in
the subgroup analysis and sensitivity analysis.

The statistical analysis was performed with IBM SPSS
21.0 software. A two-tailed P<0.05 was regarded as sta-
tistically significant.

Results

Characteristics of the Study Population

A total of 85,154 participants were included in this
study. The mean age of the subjects was 51.3£12.5
years old and 79.66% were male, the mean BMI was
23.97. During the ten-year follow-up, we found 4262
stroke incident patients (including 849 patients of
hemorrhagic stroke and 3546 cases with ischemic
stroke), 1233 MI events, and 7225 for deaths. The
incidence rates were 49.30/10,000 (person-year) for
15.56/10,000 for MI, 84.66/10,000 all-cause
death, respectively. The baseline characteristics of the

stroke,

participants are summarized in Table 1, the medians
(25th percentiles, 75th percentiles) of SII and SIRI
were 332.32 (137.56,527.08), 0.6 (0.13,1.07). The base-
line characteristics by quantiles of SII and SIRI were
correspondingly described in Online Tables 1 and 2.

The Associations of Sll and SIRI with the
Risk of CVDs and All-Cause Death

Compared with the reference group, after adjusted for the
cardiovascular risk factors, with increasing quartiles of
SII, significant dose—response relationships with the risk
for stroke, stroke subtypes, and all-causes death were
observed, with all p for trend <0.001 (Table 2, Figure
2A, 2C). Significantly higher risk of stroke was found in
the Q3 and Q4 groups of SII with respective HRs were
1.124 (1.026, 1.231), 1.264 (1.157, 1.382), marginal sig-
nificance was found in the Q2 group. For all-cause death,
only the Q4 group displayed significant higher risk with
HR 1.246 (1.165, 1.331). No significant difference was
found in the quantiles of SII with MI risk (Table 2,
Figure 2B). In addition, the associations persisted after
additionally adjusted for CRP levels (Table 2).

For SIRI, after controlled for the cardiovascular risk
factors, increasing quartile of SIRI showed elevated risks
of overall stroke, stroke subtypes, all-cause death, as well
as Ml in a dose-dependent manner (Table 3, Figure 2D-F).
The Q2 and Q4 group of SIRI displayed increased risk for
stroke with HRs 1.135 (1.030, 1.251) and 1.194 (1.087,
1.313), only the Q4 group of SIRI had a higher risk of MI
with HRs 1.204 (1.013, 1.431) (Table 3). All three groups
of SIRI exhibited a higher risk for all-cause death than the
reference group, the adjusted HRs were 1.115 (1.033,
1.204), 1.206 (1.118, 1.300), and 1.393 (1.296, 1.498).
Also, the associations of SIRI were independent of the
CRP levels (Table 3).

Subgroup Analysis

Subgroup analysis by sex described similar associations
except for the marginal associations between SIRI and MI
incident in both genders (Online Table 3). Subgroup ana-
lysis by age also documented consistent associations of
SII; however, for SIRI, its correlation with MI incident
became nonsignificant in subjects aged >60 (Online Table
4). Sensitivity analysis showed that after excluding the
events occurred at the first two years of the follow-up,
the association of SII with the outcomes remained
unchanged, but in the analysis of SIRI, its correlation
with MI was close to the significance, the p-value for
trend was 0.075 (Online Table 5). Among subjects without
smoking and drinking, the results were consistent with the
overall population (Online Table 6).

Discussions

In this large-scale general population study, we investi-
gated the associations of two novel systemic inflammatory
indexes of SII, SIRI with the risk of CVDs and all-cause
death. We found both indexes associated with the risk for
overall stroke and all-cause death. Moreover, these asso-
ciations were independent of the CRP levels. Elevated
SIRI, but not SII displayed an independent association
with the risk for MI, especially in subjects aged <60.
Also, after excluding events occurred at the first two
years of the follow-up, a marginal association between
SIRI and the risk of MI was observed, future studies
need to replicate this finding.

SII and SIRI were firstly proposed to be predictors of
adverse prognosis in cancer, which can reflect the sys-
tem inflammatory response of body. Although there was
no study examined the associations of SII and SIRI with
CVDs, its different components, including neutrophil,
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Table | Baseline Characteristics of Subjects (n=85,154)

Characteristics Overall
Age (years) 48.6x11.7
Men (%) 79.15
BMI (kg/m?) 23.97£3.21
Married (%) 95.11
Primary education (%) 7.56
Income>¥1000/Month (%) 5.89
Smoker (%)
Never 64.51
Former/quit 5.25
Occasionally 3.16
Often 27.08
Current drinking (%) 1791
Antihypertensive drugs (%) 16.40
Hypoglycemic drugs (%) 4.53
Lipid-lowering drugs (%) 1.29
Active physical (%) 1231
Family history of CVD (%) 5.27
TG (mmol/L) 1.27 (0.90, 1.93)
TC (mmol/L) 4.82%1.15
LDL-C (mmol/L) 2.34+0.76
HDL-C (mmol/L) 1.58+0.40
SBP (mmHg) 127.16£19.73
DBP (mmHg) 82.08+11.48
FPG (mmol/L) 5.29+1.36
Platelet counts (10A°/L) 203.84+62.68
Neutrophil counts (107'%/L) 3.50+1.22
Lymphocyte counts (107" L) 2.25£0.70
Monocyte counts (107'2/L) 0.40£0.45
CRP (mg/L) 0.74 (0.30, 1.87)
NI 333.32 (137.56, 527.08)
SIRI 0.60 (0.13, 1.07)

Notes: Data was presented as mean * SD, median (25th, 75th percentiles), or
percentage.

Abbreviations: BMI, body mass index; CRP, C-reactive protein; CVDs, cardiovas-
cular diseases; DBP, diastolic blood pressure; FPG, fast plasma glucose; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
TC, total cholesterol; TG, triglycerides; SBP, systolic blood pressure; Sll, systematic
inflammation index, SIRI, systematic inflammation response index.

monocyte, lymphocyte, platelet have been broadly dis-
cussed in stroke, MI, and all-cause death.'!"?8739
Previous studies have suggested that neutrophils played
a critical role in the inflammation response of athero-
sclerosis, which could secret amounts of inflammation
mediators, chemotactic agents, and oxygen-free radicals
to induce endothelial cell injury and subsequent tissue
ischemia.**'® The activation of monocytes and their
transformation into lipid-laden macrophages are essen-
tial processes of the atherosclerotic lesion formation.**
Conversely, lymphocytes have a regulatory function in

inflammation and may exert an inhibitory effect on
atherosclerosis.>’ Therefore, SIRI, calculated as (N*M/
L), was biologically plausible to associate with CVDs
and all-causes. Some perspective and observational stu-
dies also supported these findings, which showed higher
monocyte, neutrophils, and low lymphocytes associated
with higher CVDs risk 683436739

SII, different from the monocyte of SIRI, was calcu-
lated as (N*P/L). Platelets also have a central role in
thrombosis, which have been implicated in CVDs

prognosis,>*°

its interaction with monocytes, and neutro-
phils as well reflect the process of vascular endothelial
injury.**>*' Hence, SII also seemed to correlate with
a higher risk of stroke, MI, and all-cause death.
However, only increased stroke and all-causes death risk,
but not MI, was observed in subjects with higher SII,
which may partly attribute to the effect of the platelet.
A recent Mendelian randomization study also demon-
strated that higher platelet counts associated with
increased stroke risk but not MI** another population-
based study also supported this finding.** A possible rea-
son was that the thrombus formation caused by platelet
aggregation in the two diseases was different, for the
diameter of cerebral arteries was generally smaller than
coronary arteries.

Another notable finding of this study was that both
indexes showed positive associations with the risk of
stroke subtypes. Most population-based studies found
that higher WBC or higher neutrophils increased the
risk of ischemic stroke risk. However, inconclusive
associations were found in hemorrhagic
stroke.”!*?'* In concordant with this study, the
CKB study showed that higher systemic inflammation
measured by CRP was positively associated with the

risk of hemorrhagic stroke,**

while other prospective
studies did not find the association between WBC and
the incident of hemorrhagic stroke. A possible expla-
nation was that the sample size in previous studies was
insufficient to examine the relationships with the risk
for hemorrhagic stroke owning to its relatively low
incidence. Given both the subgroup analysis and sensi-
tivity analysis did not alter the results, we speculated
that compared with the single WBC subtype, the SII
and SIRI may better reflect the inflammation response
in hemorrhagic stroke, much efforts need to be con-
ducted to explain the results.

Subgroup analysis by age showed that in subjects aged
>60, the association between SIRI and MI did not arrive at
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the significance. Consistent findings have been observed in
previous studies of CRP.*> The relatively smaller sample
size in subjects aged >60 may be a likely reason. In
subjects aged <60, a positive correlation was observed
between SIRI and the risk of MI, which indicated that
earlier exposure or the younger exposure to high levels
of chronic inflammation had a high risk of long-term out-
come. The same trend was also found in metabolic
syndrome.

In addition, our results also showed that both indexes
had CRP-independent effects on the outcomes, indicating
that SIT and SIRI may reflect different biological aspects of
inflammation response from CRP, and the two novel
indexes may provide additional information in the risk
assessment of CVDs.

Strengths and Limitations
A major strength of this study is the large prospective popula-
tion-based design, which included a broad age range and a long

follow-up period, as well as a fair number of CVDs cases.
Besides, we also analyzed the associations of different stroke
subtypes with the indexes. And to the best of our knowledge,
this is the first study to report the associations between two
system inflammatory indexes and CVDs and all-cause
mortality.

There are several limitations in our study. Firstly, the blood
cell-based tests were conducted only once, during the follow-
up, the concentrations of these blood cell may change; sec-
ondly, a single measurement of the blood cell counts could be
affected by other factors, such as special medication, which
may result in residual confounding, cautions need to be given
in interpreting the results; thirdly, in the prospective study, an
inherent problem is the change of exposure factors over time,
like the smoking status and physical activity, which could
influence the observed associations; finally, since the Kailuan
cohort was from an occupational population, most of them
(almost 80%) was males, which may affect the generalization
of the results.
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Conclusion

Elevated SII and SIRI increased the risk of stroke, stroke
subtypes, and all-cause death. SIRI, but not SII positively
associated with the MI incidence, and the association was
only significant in subjects aged <60.

Abbreviations

SII, systemic immune-inflammation index; SIRI, systemic
inflammation response index; CRP, C-reactive protein; MI,
myocardial infarction; CVDs, cardiovascular diseases;
WBC, white blood cell.
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