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Background: Inflammation has been linked to the development of coronary heart disease (CHD). The systemic immune inflammation index (SII) is a useful biomarker of systemic inflammation. Our study aimed to explore the correlation between SII and CHD.



Methods: We conducted a multivariate logistic regression analysis, smoothing curve fitting, and segmented model comparison on 15,905 participants with a CHD prevalence of 3.31% and a mean age of 46.97 years.



Results: Adjusting for gender, age, and race, we found a negative association between SII and CHD [odds ratio (OR) 0.66; 95% confidence interval (CI) 0.48, 0.90]. There was an inverse trend where increasing SII was associated with decreasing odds of CHD (p for trend = 0.0017). After further adjustment, the association was strengthened, with a similar trend (p for trend = 0.0639). Smoothing curve fitting demonstrated a gender-specific association between SII and CHD.



Conclusions: Our findings suggest that higher SII values may be associated with a higher incidence of CHD, which varies by gender. SII may be a cost-effective and convenient method to detect CHD. Further studies are needed to confirm the causality of these findings in a larger prospective cohort.
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1. Introduction

Coronary artery disease is a common heart disease and a leading cause of morbidity and mortality worldwide (1, 2). It causes approximately 1.78 million European and 360,000 American deaths each year (3). Coronary heart disease is a major cause of morbidity in developed countries and a major driver of healthcare-related costs (4). Coronary heart disease (CHD) accounts for 27% of Europe's total cost of cardiovascular disease (CVD). Patients with CHD often suffer from or even die from cardiovascular events, such as heart failure, stroke, myocardial infarction, and cerebral thrombosis (2). And in the United States, one in six deaths is due to coronary heart disease (4).

The pathological process of coronary heart disease includes atherosclerosis (the main cause) and spasm of the coronary arteries. Lipid metabolic disease, Endothelium damage, inflammation, and immune dysfunction can promote the occurrence and development of coronary atherosclerosis, which leads to CHD (3). Vulnerable plaque is easy to rupture, instability, and easy to forms thrombus plaque. Inflammation plays an important role in vulnerable plaque formation and plaque rupture, which can trigger the formation of blood clots and eventually lead to myocardial infarction (5).

The systemic immune-inflammation index (SII), a novel comprehensive inflammatory biomarker based on neutrophil, lymphocyte, and platelet counts (in 109 cells/L) (6), was created in 2014 by Hu et al., to reflect local immune responses and systemic inflammation (7). Inflammation plays a key role in the occurrence and development of coronary heart disease (CHD) (5). Studies have shown that SII is associated with a poor prognosis of coronary heart disease (CHD) (8). SII can also predict the survival of patients with a variety of tumor prognoses, screening and identification of high-risk patients have applied value (9–11). SII, as an off-the-shelf prognostic biomarker, can help clinicians rapidly identify high-risk patients and make better medical decisions in clinical practice. We hypothesized that SII is a predictor of coronary heart disease risk (12). We conducted the current study to investigate the association between SII and coronary heart disease.



2. Materials and methods


2.1. Data sources

Data were obtained from NHANES, a national population-based cross-sectional survey evaluated by the National Center for Health Statistics (NCHS) to collect information on potential health risk factors and nutritional status of non-institutionalized civilians in the United States. It uses a complex multistage probabilistic design to recruit a representative sample of the entire U.S. population (13–16). The protocol for the NHANES study was approved by the NCHS Research Ethics Review Committee and written informed consent was obtained from all survey participants. Participants completed a household interview to provide demographic, socioeconomic, and health-related information. Participants underwent a physical examination and laboratory tests at a mobile examination center (MEC) to assess their medical and physiological status. All detailed NHANES study designs and data are publicly available at https://www.cdc.gov/nchs/nhanes/. This study followed the reporting guidelines of the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) cross-sectional study.



2.2. Study population

Our study combined five NHANES cycles (2009–2010, 2011–2012, 2013–2014, 2015–2016, and 2017–2018) and included the complete set of variables, recruiting a total of 49,693 participants, with exclusion criteria for subjects in our analysis being (1) missing data for SII (2), missing data for coronary artery disease, and (3) missing covariate data. A total of 15,905 participants were initially recruited; after excluding missing SII (n = 8,805), missing coronary heart disease (n = 14,527), and missing covariates (n = 10,456), 15,905 eligible participants ≥20 years of age were included in our final analysis (Figure 1).
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FIGURE 1
Overview of participants screening. NHANES, National Health, and Nutrition Examination Survey; SII, systemic immune-inflammation index. Definition and grouping of systemic immune-inflammation index (SII) and coronary artery disease (CHD).




2.3. Definition of systemic immune-inflammation index

The definition of SII is as follows: SII = P × N/L, where P, N, and L are peripheral platelet, neutrophil, and lymphocyte counts, respectively (7). In our analysis, SII was designed as an exposure variable.



2.4. Definition of coronary heart disease

In the health questionnaire, participants were asked “Ever told you had coronary heart disease” (3, 17), and if the answer was “yes”, the individual was considered to have coronary heart disease.

According to previous studies, participants were equally divided into four groups according to the SII distribution: low SII (Q1, <317.5), low-moderate SII (Q2, 317.5–445.7), intermediate SII (Q3, 445.7–625.1) and high SII (Q4, >625.7).



2.5. Covariates

Demographic parameters included gender (male/female), age (years), race (Mexican American/Other Hispanic/Non-Hispanic White/Non-Hispanic Black/Other race), marital status (with/without a partner), an education level (above/below high school), smoking (smoker/non-smoker), alcohol consumption (less/more than 15 drinks in the past year), BMI (normal/overweight/obese), household income to poverty ratio (PIR) (18, 19), total cholesterol, triglycerides, total protein, albumin, globulin, serum glucose, serum calcium, and leukocyte platelet, neutrophil, lymphocyte, and monocyte counts were included in the biochemical profile. The NLR is the ratio of neutrophils to lymphocytes. Health risk factors including angina and hypertension were recorded as “yes/no” (20–22).



2.6. Statistical analysis

All statistical analyses were conducted according to Centers for Disease Control and Prevention (CDC) guidelines, and an appropriate NHANES sampling all statistical analyses were conducted according to Centers for Disease Control and Prevention (CDC) guidelines and an appropriate NHANES sampling weight was applied, and accounted for complex multistage cluster survey design in the analysis.

Means ± standard errors (SE) were used to describe the distribution of sample means for continuous variables, and frequencies (percentages) were used for categorical variables. To explore the relationship between SII and coronary heart disease (CHD), multivariate logistic regression analysis was performed in three different models considering NHANES complex sampling design (sampling weight). In Model 1, the covariates were not adjusted. Model 2 was minimally adjusted for gender, age, and race. Model 3 was adjusted for age, gender, race, marital status, education level, smoking, BMI, household income-to-poverty ratio (PIR), total cholesterol, triglyceride, total protein, albumin, globulin, serum glucose, serum calcium, and white blood cell platelet, neutrophil, lymphocyte, and monocyte count. In addition, we performed subgroup analyses. All continuous covariates were converted to categorical variables and interaction effects were assessed by likelihood ratio tests. At the same time, we also used smoothed curve fitting to detect non-linearity between SII and coronary artery disease, segmented model comparison to find inflection points, and further explore their threshold effects. Forest plots show each model's hazard ratios and 95% confidence intervals of covariates.

All analyses were performed utilizing R software version 4.1 (http://www.R-project.org; The R Foundation) and EmpowerStats (http://www.empowerstats.com, X&Y Solutions, Inc.). p < 0.05 (two-sided) was set for a significant difference.




3. Results


3.1. Baseline characteristics of the population stratified by SII

This study analyzed data from 15,905 participants with a mean age of 46.97 years ± 17.04 years and a CHD prevalence of 3.31%. The study population was categorized into Qs (Q1–Q4) based on their SII levels. The Qs were found to have significant differences in age, gender, race, marital status, BMI, smoking, total protein, albumin, globulin, triglycerides, and glucose levels (p < 0.05), while there were no significant differences in education level, the ratio of family income to poverty, drinking, total calcium, and cholesterol levels among the Qs (Table 1).


TABLE 1 Characteristics of participants in NHANES 2009–2018 (n = 15,905).
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3.2. Relationship between SII and coronary heart disease

To better quantify the effect size, we multiplied the SII by 100 (SII percentile) (Table 2). At first, we found no significant association between the SII percentile and CHD (OR 0.98, 95% CI: 0.73, 1.33, p = 0.9169) in the non-adjusted model. However, after adjusting for gender, age, and race in the adjusted model I, the association became significant (OR 0.66, 95% CI: 0.48, 0.90, p = 0.0086), indicating that higher SII percentiles were associated with lower odds of CHD, and this association showed a trend of decreasing odds of CHD with increasing SII percentile (p for trend = 0.0017). Further adjustment for additional variables in adjusted model II strengthened the association, with an OR of 0.74 (95% CI: 0.40, 1.36) and a trend showing decreasing odds of CHD with increasing SII percentile (p for trend = 0.0639). The OR for SII Qs also showed a significant trend in Adjusted models I and II, with Q2 showing a lower OR than Q1, and Q4 showing a significantly lower OR than Q1. However, the OR for Q3 was not significantly different from that for Q1. These findings suggest that higher SII values may be associated with a higher incidence of CHD (see Table 2).


TABLE 2 Associations between the systemic immune-inflammation index and coronary heart disease.
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3.3. Subgroup analysis

A subgroup analysis was conducted to investigate the association between the SII percentile and CHD across various demographic and clinical characteristics, as shown in Figure 2. The subgroups included gender, age, BMI, race, education level, marital status, smoking, drinking, high blood pressure, and angina/angina pectoris. The results of the subgroup analysis indicated no statistically significant associations between the SII percentile and CHD in any of the subgroups, with all p-values >0.05. However, it is worth noting that there is a suggestion of a positive association between the SII percentile and high blood pressure in the “yes” subgroup, as the odds ratio (OR) is less than 1 and the p-value is close to 0.05 (Table 3).


[image: Figure 2]
FIGURE 2
Forest diagram of interaction effects.



TABLE 3 Subgroup analysis of SII percentile.
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The smooth curve fitting analysis showed an inverted U-shaped relationship between SII and CHD risk in both genders, with a significant effect above the fold point (in Figure 3).


[image: Figure 3]
FIGURE 3
The relationship between systemic immune-inflammation index and coronary heart disease risk stratified by gender.





4. Discussion

This study analyzed data from the NHANES database for 2009–2018. In our cross-sectional study of 15,905 participants, a negative association between SII and coronary heart disease was observed across quartiles of SII, and smooth curve fitting shows the same result. Subgroup analyses and interaction tests showed that the association was similar across population settings.

In recent years, blood cell-based inflammatory parameters, including white blood cells, neutrophil, and neutrophil to lymphocyte ratios, have received increasing attention because they can predict some diseases, such as blunted rest-activity rhythm, psychiatry problems, and cardiovascular anomalies (6). Many studies have demonstrated that SII has a remarkable predictive ability (3, 6–9, 12, 22–29). Systemic immune inflammatory index (SII) was initially defined as the prognosis of cancer, intracerebral hemorrhage, and coronary artery stenosis (23). However, the relationship between SII itself and coronary heart disease has not been studied. SII measurements are based on standard laboratory methods of peripheral neutrophils, lymphocytes, and platelets in clinical practice. Simultaneously, SII was a widely available method with a non-intrusive methodology, simple accessibility, and low cost. The potential for therapeutic use is indeed positive (25). Arteriosclerosis is the basic mechanism of coronary heart disease. Abnormal apoptosis of Endothelium cells (VEC), macrophages, or vacs is a common feature of arteriosclerosis, leading to the formation or destabilization of arteriosclerosis plaques (1). Studies have shown that SII is associated with mortality of the cardiovascular system in patients (10, 11). Inflammation plays an important role in the formation and development of arteriosclerosis, and studies have found that they can serve as risk stratification markers and predict adverse events (30). Inflammation-endothelial dysfunction interaction triggers and promotes arteriosclerosis (5). Elevated inflammatory markers increase the risk of cardiovascular disease (CVD), but the underlying mechanisms and pathways remain to be elucidated (28). SII can reflect local immune response and systemic inflammatory response and is an important inflammatory marker. SII consists of three types of blood cells: platelets, neutrophils, and lymphocytes (30). Studies have shown that increased neutrophils can promote oxidative damage to blood vessel walls, while decreased lymphocytes can exacerbate oxidative and inflammatory damage (20, 30, 31). The neutrophil interacts with platelets to influence important biological processes related to arteriosclerosis, thrombosis, and ischemic attack. Following apoptosis of lymphocytes, the lipid core of atherosclerotic plaques ruptures and produces a thrombus (27).

Considering the Neyman bias (32), inherent in cross-sectional studies, our ability to ascertain the occurrence of a disease in individuals beyond the survey's time point is limited. We can only estimate disease prevalence based on the survey data, without definitive knowledge of past or future disease status. This constraint applies to our study as well.

Our study utilized NHANES data, benefiting from its reliable and well-designed cross-sectional framework. Notably, we employed a substantial sample size and conducted subgroup analyses to elucidate the distribution of SII in both coronary and non-coronary populations. Furthermore, our analyses included adjustments for relevant covariates, allowing us to explore potential confounding factors linked to coronary heart disease, encompassing sociodemographic and lifestyle variables. We employed various forms of independent variables, such as continuous and categorical variables, constructing robust multiple regression models to yield more reliable findings. Moreover, we applied smooth curve fitting to visually portray the interrelationships between variables in a more accessible manner. Nevertheless, it is imperative to acknowledge the limitations of our study. The cross-sectional design precludes establishing causal relationships, necessitating prospective investigations for causal determination. Additionally, the reliance on self-reported questionnaire data for coronary heart disease status and covariates introduces potential subjective biases. Furthermore, the measurement of immune cell counts was based on a single blood test, while a continuous monitoring approach would provide more reliable data considering the lifespan of blood cells. Notably, we should remain mindful of potential unobserved confounding factors, and further exploration of clinical conditions, such as diabetes, is warranted. Indeed, our study offers valuable insights that contribute to the current body of knowledge. Nonetheless, it is essential to carefully consider the limitations we have discussed when interpreting our findings. These limitations are crucial in providing a comprehensive understanding of the context and implications of our research.

In summary, our study suggests that SII may be a useful marker for predicting CHD risk, particularly in males and females above a certain SII level. However, further research is needed to confirm these findings and to determine the optimal SII level for predicting CHD risk in different genders.



5. Conclusion

To sum up, our findings add to the growing body of evidence supporting the clinical utility of SII as a predictive biomarker for disease outcomes. Future prospective studies are needed to establish causality and explore the potential clinical applications of SII in the prevention and treatment of coronary heart disease.
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Marital status, %

Without partner 1,607 (40.42) 1531 (3851) 1,630 (41.00) 1,666 (41.89)
With partner 2,369 (59.58) 2,445 (6149) 2,346 (59.00) 2,311 (58.11)
BMI %

Normal 1317 (33.12) 1,191 (29.95) 1,099 (27.64) 1,078 (27.11)
Overweight 1360 (34.21) 1355 (34.08) 1,304 (32.80) 1,208 (3037)
Obese 1,299 (3267) 1,430 (35.97) 1,573 (39.56) 1691 (42.52)
‘The ratio of family income to poverty 269165 2712167 2712167 262164
Smoking, %

Non-smoker 2,175 (54.70) 2,122 (5337) 2,133 (53.65) 1922 (48.33)
Smoker 1801 (4530) 1,854 (46.63) 1,843 (46.35) 2,055 (5167)
Drinking (past 12 mos), %

<15 3,953 (99.42) 3,938 (99.04) 3,949 (99.32) 3,942 (99.12)
215 23 (0.58) 38 (0.96) 27 (068) 35 (0.88)
Total protein (g/dl) 7.17 £ 0.46 7.14+044 713+ 044 7.13+048
Albumin (g/dl) 4274034 4294032 426+034 4192037
Globulin (g/dl) 290+ 047 285+043 287+043 294045
Total calcium (mg/dl) 938+034 9.39+0.36 938035 938037
Cholesterol (mg/dl) 19163 + 4150 19288 +42.19 192,87 + 40.92 19279 + 41.61
Triglycerides (mg/dl) 14421 £ 129.72 152.38 = 129.98 15479 £ 11971 14982 % 115,62
Glucose, serum (mg/dl) 99.11 £ 33.90 100.11 +34.17 101,05 +35.91 10332 £38.79
Platelet count (1,000 cells/ul) 20252 + 4801 228.11+4674 24691 +51.64 277412 68.67
Segmented neutrophils num (1,000 cell/pl) 287 %107 375+099 448+ 118 588207
Lymphocyte number (1,000 cells/jl) 260613 2231066 209065 188065
White blood cell count (1,000 cells/yl) 622+687 676+ 1.67 740+ 185 863258
Monocyte number (1,000 cells/pl) 052+021 054+0.17 057+0.19 061022
NLR 123+039 174038 223051 338154
High blood pressure, %

Yes 1283 (3227) 1,179 (29.65) 1,295 (32.57) 1,463 (36.79)
No 2,693 (67.73) 2,797 (7035) 2,681 (67.43) 2514 (6321)
Angina/Angina pectoris, %

Yes 83 (2.09) 75 (1.89) 75 (1.89) 88 (2.21)
No 3,893 (97.91) 3,901 (98.11) 3,901 (98.11) 3,889 (97.79)
Coronary heart disease, % 0162
Yes 149 (3.75) 113 (284) 134 (337) 131 (3.29)
No 3,827 (96.25) 3,863 (97.16) 3,842 (96.63) 3,846 (96.71)

Data were n (%) or mean + SD. BMI, body mass index, BMI was categorized as normal (<25 kg/m?), overweight (25-29.9 kg/m?), and obese (>30 kg/m?); SlI, systemic
immune-inflammation index; the NLR was calculated as the ratio of the neutrophils and lymphocyte; SiI quartile: Q1:<317.5; Q2: 317.5-4457; Q3: 445.7-625.1; Q4:
SEE T
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0.76 (0.39,1.49)
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BMI
Obese 5993 | 0.78 (0.50,122)
Overweight 5227 | 0.90(053152) | 06852
Normal 4,685 | 144 (0.76,2.75)
Race

Mexican American

2252 | 047 (014,161)
Other Hispanic 1592 | 096 (0.33282) | 09444
Non-Hispanic white 6892 | 093 (0:63,137) | 07114
Non-Hispanic black 3235 | 045(019,107) | 00703
Other race 1934 | 0.48 (0.14,1.58)
Education level
Below high school 2,898
Above high school 13,007
Marital status,
Without partner 6434 | 121 (0.74197)
With partner 9471 | 0.87 (059,128) | 04786
Smoking
Non-smoker 8352 | 0.85(051,142) | 05425
Smoker 7,553 | 0.98 (0.67,142)
Drinking (past 12 mos)
<15 15782 | 0.9 (0.73,133)
215 123 | 078 (0.014587) | 09058
High blood pressure 07249
No 10,685 | 095 (050,1.78) | 08677
Yes 5220 | 0.83(059,117) | 02935
Angina/angina pectoris 09263
No 15584 | 095 (067,135 | 07605
Yes 321 | 0.98(048203) | 09639

1.09 (0.56,2.10)
0.96 (0.68,1.35)

The results of the subgroup analysis were adjusted for all covariates except the
effect. modifier. 95% CI, 95% confidence interval; OR, odds ratio; BMI was
categorized as normal (<25 kg/m?), overweight (25-29.9kg/m?), and obese

(530 kBN Sll, Syshene itrimma-inRaTEnaton: R






OPS/images/fcvm-10-1199433-t002.jpg
Variable Non-adjusted Adjust | Adjust Il
OR (95% CI) OR (95% CI) OR (95% CI)

pvalue pvalue pvalue
SII percentile 0.98 (073, 1.33) 0.6 (048, 0.90) | 074 (040, 1.36)
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0.2728 0.0003 0.0292

0.6215 0.0017 0.0639

p for trend

The non-adjusted model adjusts for: none. Adjust | model to adjust for: gender
(male-female), age (year), and race (Mexican American, other Hispanic, non-
Hispanic White, non-Hispanic black, and other race). Adjust I models adjust for
Gender (male-female), age (year), race (Mexican American, other Hispanic, non-
Hispanic White, non-Hispanic black, and other race), marital status (with or
without a partner), educational level (above high school/below high school),
smoking (smoker/non-smoker), drinking (drinking less than or more than 15
drinks in past 12 mos), BMI . household

poverty ratio (PIR), cholesterol, triglyceride, total protein, albumin, globulin,
serum glucose, serum calcium and white blood cell platelet, neutrophi.
lymphocyte, monocyte count, Angina and hypertension (Yes/No). SII grouping
standard: Q1 <3175 Q2: 317.5-4457' Q3: 4457-6251 Q4: >625.7.
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