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Abstract 

Background  Metabolic syndrome (MetS), a worldwide public health problem, affects human health and quality 
of life in a dramatic manner. A growing evidence base suggests that MetS is strongly associated with levels of sys-
temic immune inflammation. The present study aimed to investigate the possible relationship between the systemic 
immune-inflammation index (SII), a novel inflammatory marker, and MetS to provide data support for effective MetS 
prevention by reducing the systemic inflammatory response.

Methods  We included adult participants with complete SII and MetS information from the 2011–2016 National 
Health and Nutrition Examination Survey (NHANES). MetS was defined as using the criteria developed by the Adult 
Treatment Program III of the National Cholesterol Education Program. The formula for SII was as follows: SII = plate-
let counts × neutrophil counts/ lymphocyte counts. Weighted linear regression was used to assess differences 
in variables across SII quartile groups after the SII score was divided into 4 quartiles. The independent interaction 
between SII and MetS was investigated using weighted multivariate logistic regression analysis and subgroup analysis, 
and the relationship between SII levels and 5 particular MetS items was further explored in depth.

Results  A total of 12,402 participants, 3,489 of whom were diagnosed with MetS, were included in this study. After 
correcting for covariates, the results of a logistic regression of multistage weighted complex sampling data revealed 
that participants with higher SII scores had a higher chance of developing MetS (odds ratio (OR) = 1.33, 95% con-
fidence interval (CI): 1.14–1.55) and that SII levels could be used as an independent risk factor to predict that likeli-
hood of MetS onset. In the Q1–Q4 SII quartile group, the risk of developing MetS was 1.33 times higher in the Q4 
group, which had the highest level of systemic immune inflammation than in the Q1 group. After adjusting for all 
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confounding factors, SII scores were found to have a negative correlation with high-density lipoprotein cholesterol 
(OR = 1.29; 95% CI, 0.99–1.67, P = 0.056) and a significant positive correlation with waist circumference (OR = 2.17; 95% 
CI, 1.65–2.87, P < 0.001) and blood pressure (BP) (OR = 1.65; 95% CI, 1.20–2.27, P = 0.003). Gender, age, and smoking 
status were shown to alter the positive association between SII and MetS in subgroup analyses and interaction tests 
(p for interaction < 0.05). Additionally, we demonstrated a nonlinear correlation between SII and MetS. The findings 
of the restricted cubic spline indicated that there was an inverted U-shaped association between SII and MetS.

Conclusions  Our findings imply that increased SII levels are related to MetS, and SII may be a simple and cost-
effective method to identify individuals with MetS. Therefore, protective measures such as early investigation and anti-
inflammatory interventions are necessary to reduce the overall incidence of MetS.

Keywords  NHANES, Systemic immune-inflammation index, Metabolic syndrome

Introduction
According to the National Cholesterol Education Pro-
gram-Adult Treatment Panel III criteria, metabolic syn-
drome (MetS) is a group of metabolic disorders that 
includes elevated fasting glucose, hypertension, obesity, 
elevated triglycerides (TG), and decreased high-density 
lipoprotein cholesterol (HDL-C) [1]. According to statis-
tics, the prevalence of MetS in Americans has increased 
from 25.29% in 1988 to 34.7% in 2016 [2]. MetS has there-
fore become a severe public health issue, with mounting 
evidence that it may be linked to an increased risk of cor-
onary heart disease, cardiovascular disease (CVD), type 2 
diabetes (T2D), stroke, and all-cause mortality [3]. Given 
the great danger posed by MetS to human health, how to 
detect and intervene early in MetS is currently a hot topic 
of discussion among scholars in related fields.

Numerous studies have demonstrated a notable correla-
tion between MetS and both systemic inflammation and 
immune response. The prevailing perspective posits that 
MetS originates from excessive obesity [4], which is charac-
terized by mild chronic inflammation. Inflammatory factors, 
secreted by adipose tissue, contribute to the development of 
metabolic disorders by instigating a systemic inflammatory 
response [5]. Additionally, abnormal triglyceride levels and 
hyperglycemia have been linked to inflammation [6]. Stud-
ies have reported that hyperglycemia diminishes the body’s 
immune response to external infections through the sup-
pression of inflammatory factors, including IFN-γ and TNF-
α, which are secreted by T cells [7, 8].

What’s more, previous studies have indicated that 
immune cell activation plays a role in the develop-
ment of T2D, obesity-associated insulin resistance, and 
other metabolic disorders [9–11]. Satoshi et  al. found 
that CD8 + T cells can activate macrophages in adi-
pose tissue [12], leading to an alteration in the immune 
microenvironment and a shift in adipose tissue from an 
anti-inflammatory to a pro-inflammatory state [13]. So 
the control of inflammation seems to be a crucial inter-
vention for mitigating metabolic disorders. However, 
population-based studies on the association between 

inflammation and metabolic disorders remain limited. 
To comprehensively investigate this potential link, there 
is an immediate requirement for an objective evaluation 
metric that can accurately reflect the status of immunity 
and inflammation in the MetS population.

The systemic immune-inflammation index (SII), cre-
ated by Hu et  al. is a comprehensive new immunoin-
flammatory biomarker based on platelet, neutrophil, and 
lymphocyte counts that accurately reflect the body’s local 
immune response and the status of systemic inflamma-
tion [14, 15]. Initially, SII was widely used to assess the 
prognosis of patients with various kinds of cancer [16], 
including bladder cancer [17], non-small cell lung cancer 
[18], rectal cancer [19], and gastric cancer [20]. SII was 
later found to be also effective in predicting tumorigen-
esis and identifying individuals at high risk of develop-
ing cancer [21]. Several studies have demonstrated that 
SII is a more accurate predictor of malignancy than con-
ventional immunoinflammatory indicators, including 
lymphocyte/monocyte ratio (LMR), platelet/lymphocyte 
ratio (PLR), and neutrophil/lymphocyte ratio (NLR) [19, 
22–24]. Overall, the SII provides a noninvasive quantita-
tive standard and is superior to traditional metrics. Con-
sidering the association between inflammation and MetS, 
we assumed that high SII levels could reflect the risk of 
MetS development, but few studies in this field have been 
done previously.

Though a study processed by Carmen et  al. just 
focused on one of the cellular components of SII, the 
link between lymphocytes and MetS has been explained 
by controlling variables [25]. Moreover, several stud-
ies using NHANES database have shown a strong asso-
ciation between SII and certain metabolic diseases, such 
as diabetic nephropathy [26], hepatic steatosis [27], and 
osteoporosis [28]. Based on the above, we hypothesized 
that there is a strong association between SII scores and 
the risk of MetS. Therefore, to determine the relationship 
between SII levels of participants from NHANES and 
the MetS with its subcomponents, we propose to control 
for confounding variables using more rigorous statistical 
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analysis. We aim to identify individuals at high risk of 
developing MetS by their SII scores and detect MetS 
patients earlier.

Materials and methods
Study design and population
The NHANES database, which is based on cross-sec-
tional research and intended to evaluate the nutritional 
and health status of the overall U.S. population, was used 
to compile data on all study participants. NHANES is 
affiliated with the Centers for Disease Control and Pre-
vention (CDC) and is updated every two years. We col-
lected data from 2011 to 2016 (2011–2012, 2013–2014, 
and 2015–2016).

We excluded 11,933 participants younger than 18 years 
of age and 192 pregnant women, 1,537 participants with 
incomplete SII data, 858 participants with incomplete 
MetS data, and 2,980 participants with incomplete con-
comitant variables (including education level, household 
poverty income ratio (PIR), smoking status, marital sta-
tus, alcohol consumption, cancer history, and medication 
history). The study ultimately included 12,402 partici-
pants. The sample selection flowchart is shown in Fig. 1.

Definition of systemic immunoinflammatory index
Platelet, neutrophil, and lymphocyte counts were 
assessed by complete blood counts measured using an 
automated hematology analyzer (Coulter DxH 800 ana-
lyzer) and expressed as 1000 cells/μl. As described in 

Fig. 1  National Health and Nutrition Examination Survey (NHANES) 2011–2016 participant recruitment flow chart
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prior studies, we estimated SII as platelet count × neu-
trophil count/lymphocyte count [29]. SII was consid-
ered an exposure variable in our analysis.

MetS definition
MetS is characterized using the diagnostic criteria 
provided in the Adult Treatment Program III of the 
National Cholesterol Education Program [30]. The cri-
teria are as follows: (1) TG ≥ 1.69 mmol/L (150 mg/
dL); (2) Low HDL-C: < 1.03 mmol/L (40 mg/dL) in men 
and < 1.29 mmol/L (50 mg/dL) in women; (3) Elevated 
fasting plasma glucose (FPG) ≥ 6.1 mmol/L (110 mg/
dL); (4) Elevated waist circumference (WC): > 102 
cm in men and > 88 cm in women; (5) Elevated sys-
tolic BP of 130 mmHg and/or elevated diastolic BP of 
85 mmHg. Fasting blood samples were obtained dur-
ing the morning hours after 9 h of fasting, and BP was 
recorded three times by the physician to establish the 
mean value.

Covariates
Participants were provided with standardized question-
naires to collect sociodemographic and lifestyle informa-
tion. Based on previous studies, we included covariates 
for adverse cardiometabolic health risk factors, which 
included low socioeconomic status [31], smoking status 
[32], alcohol consumption status [32], history of cancer 
[33], exercise status [34], and family history of diabetes 
[4]. We included sex (male or female), age continuous or 
categorical variables (18–39, 40–59, or ≥ 60 years), race/
ethnicity (non-Hispanic black, other Hispanic, non-His-
panic white, or other races), marital status categorized as 
(married, living alone, or divorced), educational attain-
ment (less than high school, high school, and more than 
high school), PIR (categorized as < 1, 1–2, 2–4, and > 4), 
and smoking status was categorized as never smoked 
(< 100 cigarettes before the survey), ever smoked (> 100 
cigarettes before the survey but quit before the sur-
vey), and current (> 100 cigarettes before the survey and 
smoked during the survey) as well as self-reported his-
tory of cancer, family history of diabetes, and substance 
use. Participants who drank at least 12 cups of any type of 
alcoholic beverage (12 oz beer, 5 oz wine, or 1.5 oz liquor) 
in a year were classified as drinkers. Based on physical 
activity guidelines that recommend > 75 min of vigorous 
exercise or > 150 min/week of moderate physical activity, 
participants were divided into three groups: active (more 
than the recommended level of activity), less active (less 
than the recommended level of activity), and inactive (no 
physical activity).

Statistical analysis
All statistical analyses were performed per CDC rec-
ommendations, using appropriate NHANES sample 
weights and accounting for the complex multistage sub-
group survey. Continuous variables are shown as means 
with standard errors (SE), and categorical parameters 
are presented as proportions. Participants were grouped 
using SII quartiles, and differences between groups were 
evaluated using weighted linear regression for continu-
ous variables or weighted chi-square testing for categori-
cal variables. Multivariate logistic regression was used 
to investigate the association between SII and MetS and 
its components in three distinct models. There was no 
covariate adjustment in model one. Gender, age, and 
race-related modifications were made to model two. 
Model three was adjusted for age, gender, race, education 
level, PIR, physical activity, smoking status, family his-
tory of diabetes, history of cancer, and status of alcohol 
and substance use. Subgroup analysis of the association 
between SII and MetS was performed using stratified 
factors, including sex (male/female), age (18–39, 40–59, 
or ≥ 60 years), race/ethnicity (non-Hispanic black, other 
Hispanic, non-Hispanic white, or other races), education 
(below high school, high school, and above high school), 
PIR (categorized as < 1, 1–2, 2–4, and > 4), smoking status 
(never smoked, ever smoked, and currently smoked), and 
physical activity (active, less active, and inactive). These 
stratification variables were also considered as pre-spec-
ified possible impact modifiers. To test for heterogeneity 
of associations between subgroups, an interaction term 
was also introduced.

The nonlinear relationship between SII and MetS and 
its components was tested using restricted cubic spline 
(RCS) regression. The likelihood ratio test was used to 
confirm this relationship. It is worth noting that SII were 
transformed into logarithms when performing regression 
analyses because they were right-skewed distributions. R 
software (version 4.1.2; https://​www.R-​proje​ct.​org) was 
used for all analyses.

Results
Baseline characteristics of participants
The sample size of this study was 12,402 participants, 
including 6,198 males and 6,204 females with a mean age 
of 47.69 ± 0.72, and 27.18% of the participants were diag-
nosed with MetS. After grouping the SII quartiles, group 
Q1 represented the lowest SII group 1.52 ≤ SII < 314.93; 
group Q2 represented the relatively low SII group 
314.88 ≤ SII < 443.78; group Q3 represented the relatively 
high SII group 443.78 ≤ SII < 626.51; and Q4 represented 
the highest SII group 626.51 ≤ SII < 8486. The prevalence 
of MetS in Q1, Q2, Q3, and Q4 groups were 22.70%, 
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26.11%, 28.32%, and 30.90%, respectively. Among the 
four SII groups, statistically significant differences were 
found for age, sex, race, education, marital status, medi-
cation history, cancer, diabetes, smoking status, physical 
activity, FPG, HDL-C, TG, WC, BP, and SII (all P-val-
ues < 0.05). Table  1 shows the clinical and biochemical 
features of patients according to SII quartiles.

Association between SII and MetS
The results of the logistic regression analysis of the inci-
dence of SII and MetS are shown in Table 2. This relation-
ship was shown to be significant in both our unadjusted 
crude model (odds ratio (OR) = 1.85; 95% confidence 
interval (CI), 1.47–2.34; P < 0.001) and the least adjusted 
model (model one) (OR = 1.65; 95% CI, 1.29–2.11; 
P < 0.001). There was still a positive link between SII and 
MetS in the fully adjusted model (model two) (OR = 1.44; 
95% CI, 1.12–1.84; P = 0.006). This means that each unit 
rise in log-SII score is related to a 44% increase in MetS 
prevalence probability. We further converted SII from a 
continuous variable to a categorical variable (quartiles) 
for sensitivity analysis, and participants in the high-
est SII quartile Q4 group had a statistically significant 
33% increased risk of MetS compared to participants 
in the Q1 group with the lowest SII (OR = 1.33; 95% CI, 
1.14–1.55; P < 0.001). Compared to the Q1 group, par-
ticipants in the Q2 and Q3 groups also showed a higher 
risk of MetS prevalence, with increased risk values of 
16% (OR = 1.16; 95% CI, 1.02–1.33; P = 0.027), and 25% 
(OR = 1.25; 95% CI, 1.10–1.43; P = 0.002), and all of which 
were statistically significant.

In addition, Table  2 depicts the association between 
the SII and the five MetS-related biochemical indicators 
in various models. Using multivariate regression analy-
sis with a complex sampling design, we discovered that 
SII levels were substantially and positively linked with 
increased WC and BP levels and reduced HDL-C levels, 
but not with FPG and TG. In particular, for WC, the risk 
was increased by 56% and 59% in the Q3 and Q4 groups, 
respectively, with P-values < 0.001. This suggests that the 
obese population generally has high levels of inflamma-
tion, and this finding has very important clinical impli-
cations. For BP, the risk was increased by 46% in the 
Q3 group (OR = 1.46; 95% CI, 1.24–1.72; P < 0.001) and 
by 44% in the Q4 group (OR = 1.44; 95% CI, 1.18–1.75; 
P = 0.001), indicating that patients with hypertension are 
prone to have immune dysfunction than the normal pop-
ulation. The OR for the SII Q2 group was > 1 (OR = 0.99; 
95% CI, 0.84–1.17; P = 0.904) for the FPG metric in 
model two, suggesting that a lower SII score may be neg-
atively associated with participants’ blood glucose levels, 
but interestingly, this association was not significantly 
different.

Subgroup analysis
Our subgroup analysis revealed that the relationships 
between SII levels and MetS were not consistent with 
one another (Fig. 2). Only participants who were female, 
18–39 years old, Mexican American, non-Hispanic black, 
with a high school education background, 1 < PIR < 2, 
never smoked, and physically active showed statisti-
cal significance in subgroups stratified on sex, age, race, 
education, PIR, smoking status, and physical activity. 
Although it showed no statistical significance (P > 0.05), 
SII was positively correlated with MetS in participants 
who were male, aged 39–59 years, non-Hispanic white 
people, and of other races. Moreover, we also observed 
a positive correlation between SII and MetS for partici-
pants with a high school education background or above, 
PIR < 1 or PIR > 2, and those who were physically inactive, 
but this correlation has no statistical significance. In addi-
tion, we also observed a negative association between SII 
and MetS in those aged > 60 years (OR = 0.93; 95% CI, 
0.60–1.46), and in former or current smokers (OR = 0.99; 
95% CI, 0.57–1.70); (OR = 0.94; 95% CI, 0.58–1.55.) How-
ever, again, this association was not statistically different.

Interaction tests revealed no significant differences in 
the correlations between SII and MetS for race, educa-
tion, poverty-to-income ratio, and physical activity, indi-
cating that these factors did not significantly depend on 
this positive association (all interactions > 0.05). In con-
trast, gender, age, and smoking status may influence the 
positive correlation between SII and MetS (interaction 
P < 0.05).

Analysis of restricted cubic spline regression
After adjusting for several covariates, we discovered a 
significant nonlinear connection between SII and MetS 
in RCS regression (P = 0.012, Fig.  3), with an inverted 
U-shaped dose–response curve. As shown in Fig. 3, the 
risk of MetS prevalence tended to increase with log-SII, 
and this increasing trend gradually slowed down after 
exceeding 2.65. When log-SII reached 2.83, the OR of 
MetS showed a decreasing trend as log-SII continued to 
increase but was located above 1.0.

While examining the specific components of the MetS, 
the log-SII showed an inverted U-shaped relationship 
with elevated triglycerides and WC in all participants. 
Differently, after passing the inflection point, the OR of 
TG gradually decreased with increasing log-SII and was 
negatively correlated, whereas the risk of elevated WC 
gradually leveled off with increasing log-SII. Log-SII was 
positively correlated with low HDL-C, high FPG, and 
high BP, although they did not accord with the nonlin-
ear relationship. The nonlinear analysis of MetS and par-
ticular components yielded somewhat different results, 
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Table 1  Baseline characteristics of the participants

Variable No Q1 Q2 Q3 Q4 P value

Age (years) 46.58 (45.63,47.52) 46.87 (45.96,47.79) 47.46 (46.57,48.35) 49.69 (48.60,50.78)  < 0.001
Gender % (SE)  < 0.001

 Male 6198 54.65 (1.26) 51.84 (1.01) 48.79 (1.32) 43.75 (1.07)

 Female 6204 45.35 (1.26) 48.16 (1.01) 51.21 (1.32) 56.25 (1.07)

Race/Ethnicity % (SE)  < 0.001
 Non-Hispanic Black 2652 18.41 (1.93) 9.44 (1.11) 7.47 (0.87) 6.90 (0.79)

 Non-Hispanic White 5020 60.10 (2.78) 68.38 (2.24) 70.22 (2.15) 73.14 (2.12)

 Mexican American 1650 8.04 (1.03) 7.88 (1.10) 8.47 (1.24) 7.88 (1.27)

 Others 3080 13.45 (0.97) 14.31 (1.03) 13.83 (1.00) 12.08 (1.08)

Education levels % (SE) 0.012
 Less than high school 2575 15.03 (1.32) 13.15 (1.03) 12.54 (1.07) 14.60 (1.14)

 High school diploma 2733 20.77 (1.28) 19.03 (1.04) 22.20 (0.96) 22.15 (1.22)

 More than high school 7094 64.20 (2.08) 67.83 (1.57) 65.26 (1.39) 63.26 (1.80)

Marital status % (SE) 0.001
 Married 7299 64.47 (1.17) 65.80 (1.58) 62.99 (1.37) 59.81 (1.31)

 Single or separated 5103 35.53 (1.17) 34.20 (1.58) 37.00 (1.37) 40.19 (1.31)

Alcohol consumption % (SE) 0.402

 No 3410 22.35 (1.34) 21.54 (1.25) 20.48 (1.41) 20.39 (1.07)

 Yes 8992 77.65 (1.34) 78.46 (1.25) 79.52 (1.41) 79.61 (1.07)

Use of medication % (SE)  < 0.001
 No 5209 44.88 (1.18) 42.98 (1.24) 39.62 (1.11) 34.93 (1.16)

 Yes 7193 55.12 (1.18) 57.02 (1.24) 60.38 (1.11) 65.07 (1.16)

History of cancer % (SE) 0.016
 No 11,257 91.30 (0.76) 89.33 (0.83) 89.86 (0.77) 87.37 (0.79)

 Yes 1145 8.70 (0.76) 10.67 (0.83) 10.14 (0.77) 12.63 (0.79)

Family history of diabetes % (SE) 0.029
 No 10,006 83.01 (0.97) 81.22 (1.01) 78.50 (1.02) 79.32 (1.23)

 Yes 2396 16.99 (0.97) 18.78 (1.01) 21.50 (1.02) 20.68 (1.23)

Poverty income ratio % (SE) 0.93

  < 1 2734 14.66 (1.10) 14.82 (1.03) 14.16 (1.15) 15.35 (1.27)

 1 to 2 3308 20.09 (1.31) 20.75 (0.99) 21.01 (1.04) 21.75 (1.19)

 2 to 4 3210 29.09 (1.40) 28.03 (1.36) 27.95 (1.53) 27.51 (1.39)

 >4 3150 36.16 (2.44) 36.39 (2.13) 36.89 (2.11) 35.39 (1.97)

Smoking status % (SE)  < 0.001
 Never smoker 6973 58.45 (1.51) 58.08 (1.20) 56.17 (1.27) 50.87 (1.55)

 Former smoker 2937 23.64 (1.36) 23.87 (1.04) 25.17 (0.87) 26.91 (1.33)

 Current smoker 2492 17.91 (1.17) 18.05 (1.08) 18.66 (1.06) 22.22 (1.07)

Physical activity % (SE)  < 0.001
 Inactive 3039 18.05 (1.24) 19.57 (0.94) 20.28 (1.14) 25.55 (0.99)

 Less active 1737 11.16 (0.83) 12.94 (0.79) 13.26 (0.73) 15.55 (0.87)

 Namely active 7626 70.80 (1.33) 67.50 (1.08) 66.46 (1.25) 58.90 (1.25)

MetS % (SE)  < 0.001
 No 8913 77.30 (1.03) 73.89 (1.06) 71.68 (1.16) 69.10 (1.00)

 Yes 3489 22.70 (1.03) 26.11 (1.06) 28.32 (1.16) 30.90 (1.00)

Elevated FPG % (SE) 0.01
 No 8619 73.39 (0.99) 73.30 (1.19) 72.51 (1.11) 69.20 (1.08)

 Yes 3783 26.61 (0.99) 26.70 (1.19) 27.49 (1.11) 30.80 (1.08)

Low HDL-C % (SE) 0.006
 No 8617 73.44 (1.27) 71.73 (1.27) 70.14 (1.42) 68.09 (1.01)
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although the general patterns of the dependent and inde-
pendent variables were fairly similar in each figure.

Discussion
As the global economy grows and people’s quality of life 
continues to improve, chronic metabolic diseases, repre-
sented by MetS, are becoming the "Top killer" of human 
health. Many epidemiological studies have demonstrated 
that immune responses and inflammation are crucial fac-
tors in the development of metabolic disorders [35]. To 
our knowledge, this is the first research that investigates 
the relationship between SII and MetS in a large, repre-
sentative sample of adult Americans. In this study, we 
investigated the linear relationship between MetS and SII 
using a complicated weighted logistic regression model. 
The primary outcomes of this study were that SII scores 
were considerably higher in patients with MetS and that 
SII levels were positively correlated with the morbidity 
risk of MetS. This correlation was evident even after con-
trolling for confounding variables, and consistent find-
ings were observed in both continuous and categorical 
log-SII analyses. Our results provide concrete evidence 
for further clinical and basic research.

SII is a well-recognized index for predicting cancer 
treatment efficacy and prognosis. In addition to cancer, 
the predictive value of SII for other metabolism-related 
diseases such as CVD is also gaining attention [36, 37]. A 
Chinese cohort study recruited 13,929 middle-aged and 
elderly people without heart disease to assess the asso-
ciation between SII and cardiovascular events. Higher 
SII scores were strongly related to the prevalence of 
CVD in multivariate Cox regression analysis [38]. To our 
knowledge, CVD and MetS shared common metabolic 
pathways [39]. Inspired by this finding, we focused on 
whether SII has equally value for identification and pre-
diction of MetS.

Recently, an increasing number of studies have started 
to concentrate on the significance of common indicators 
in blood routine examination in metabolic disease diag-
nosis and prevention. Using flow cytometry, Carmen 
et  al. showed that patients with MetS have more lym-
phocytes than patients without MetS [25]. The increase 
of patients’ weight has an impact on the physiological 
state and function of neutrophils [40], and compared to 
healthy controls, platelet is enhanced in MetS patients. 
The latter may be associated with epigenetic inheritance 
[41–43]. Predecessors’ conclusions tell us that these cell 
counts reflecting the level of inflammation are good pre-
dictors of MetS. However, most of the traditional inflam-
matory indicators contain only two types of cells and 
reflect a relatively limited content. Therefore, SII, which 
combines three common immune cells, may have greater 
potential for clinical applications and deserve further 
exploration in the assessment of MetS incidence.

The main finding of our study was a strong posi-
tive association between SII and abdominal obesity and 
hypertension, as well as a negative correlation with HDL-
C. However, SII scores did not show a strong correla-
tion with fasting plasma glucose and serum TG. Animal 
studies show that in a high-fat diet-induced obesity mice 
model, macrophages in mouse adipose tissue switch from 
an M2-polarized to an M1-pro-inflammatory state, while 
the former could protect adipocytes against inflamma-
tory assault. These phenotypically altered macrophages 
also simultaneously secrete large amounts of pro-inflam-
matory adipokines that further exacerbate the systemic 
inflammatory state [44]. Studies on SII and hypertension 
are not uncommon, a single-center retrospective study 
has defined SII as a novel predictor of non-dipper hyper-
tension [45], and a recent study from NHANES noted a 
U-shaped relationship between all-cause mortality and 
SII in patients with hypertension [46]. The molecular 
mechanisms between inflammation and hypertension are 

Table 1  (continued)

Variable No Q1 Q2 Q3 Q4 P value

 Yes 3785 26.56 (1.27) 28.27 (1.27) 29.86 (1.42) 31.91 (1.01)

Elevated TG % (SE) 0.023
 No 7874 66.22 (1.60) 63.33 (1.22) 62.13 (1.51) 61.36 (1.12)

 Yes 4528 33.78 (1.60) 36.67 (1.22) 37.87 (1.51) 38.64 (1.12)

Elevated WC % (SE)  < 0.001
 No 5315 50.78 (1.74) 44.21 (1.37) 38.66 (1.51) 35.64 (1.10)

 Yes 7087 49.23 (1.74) 55.79 (1.37) 61.34 (1.51) 64.36 (1.10)

Elevated BP % (SE) 0.002
 No 10,347 87.31 (0.83) 86.20 (0.91) 83.46 (0.85) 83.29 (0.94)

 Yes 2055 12.69 (0.83) 13.80 (0.91) 16.54 (0.85) 16.71 (0.94)

SII (1,000 cells/µl) 242.55 (240.18,244.93) 381.07 (379.36,382.78) 525.24 (523.09,527.39) 901.37 (887.48,915.27)  < 0.001
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Table 2  Association of SII with Metabolic syndrome (MetS) and its components

Crude Model: There are no covariates were adjusted

Model 1: Age, sex, and race/ethnicity were adjusted

Model 2: Age, sex, race/ethnicity, education levels, poverty income ratio, marital status, use of medication, history of cancer , family history of diabetes, smoking status, 
physical activity, and alcohol consumption were adjusted

Crude model Model 1 Model 2

OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value

MetS

Continous Lg-SII 1.85 (1.47,2.34)  < 0.001 1.65 (1.29,2.11)  < 0.001 1.44 (1.12,1.84) 0.006
 Quartile 1 Ref. Ref. Ref.

 Quartile 2 1.20 (1.06,1.36) 0.005 1.18 (1.04,1.34) 0.010 1.16 (1.02,1.33) 0.027
 Quartile 3 1.35 (1.19,1.52)  < 0.001 1.29 (1.14,1.47)  < 0.001 1.25 (1.10,1.43) 0.002
 Quartile 4 1.52 (1.33,1.74)  < 0.001 1.43 (1.23,1.66)  < 0.001 1.33 (1.14,1.55)  < 0.001
 P for trend  < 0.001  < 0.001  < 0.001

Elevated FPG

Continous Lg-SII 1.36 (1.08,1.71) 0.010 1.28 (1.02,1.60) 0.034 1.14 (0.89,1.46) 0.275

 Quartile 1 Ref, Ref, Ref,

 Quartile 2 1.01 (0.87,1.16) 0.948 1.00 (0.86,1.17) 1.000 0.99 (0.84,1.17) 0.904

 Quartile 3 1.05 (0.91,1.21) 0.533 1.04 (0.89,1.21) 0.629 1.01 (0.86,1.19) 0.896

 Quartile 4 1.23 (1.07,1.41) 0.004 1.19 (1.03,1.38) 0.023 1.12 (0.96,1.31) 0.153

 P for trend 0.005 0.022 0.136

Low HDL-C

Continous Lg-SII 1.50 (1.18,1.91) 0.001 1.43 (1.11,1.84) 0.007 1.29 (0.99,1.67) 0.056

 Quartile 1 Ref, Ref, Ref,

 Quartile 2 1.09 (0.94,1.27) 0.251 1.07 (0.92,1.25) 0.382 1.04 (0.88,1.23) 0.607

 Quartile 3 1.18 (1.01,1.38) 0.043 1.14 (0.97,1.34) 0.120 1.11 (0.94,1.31) 0.213

 Quartile 4 1.30 (1.12,1.50)  < 0.001 1.26 (1.08,1.46) 0.003 1.17 (1.00,1.38) 0.047
 P for trend  < 0.001 0.003 0.038

Elevated TG

Continous Lg-SII 1.44 (1.15,1.81) 0.002 1.28 (1.01,1.63) 0.044 1.15 (0.91,1.46) 0.241

 Quartile 1 Ref. Ref. Ref.

 Quartile 2 1.14 (0.98,1.31) 0.083 1.07 (0.93,1.25) 0.341 1.05 (0.90,1.23) 0.494

 Quartile 3 1.20 (1.03,1.39) 0.021 1.11 (0.95,1.31) 0.196 1.08 (0.91,1.27) 0.375

 Quartile 4 1.24 (1.08,1.42) 0.003 1.16 (0.10,1.36) 0.052 1.09 (0.93,1.28) 0.265

 P for trend 0.003 0.052 0.264

 Elevated WC

Continous Lg-SII 2.76 (2.12,3.60)  < 0.001 2.40 (1.82,3.17)  < 0.001 2.17 (1.65,2.87)  < 0.001
 Quartile 1 Ref. Ref. Ref.

 Quartile 2 1.30 (1.13,1.51)  < 0.001 1.32 (1.12,1.54) 0.001 1.31 (1.11,1.53) 0.002
 Quartile 3 1.64 (1.40,1.91)  < 0.001 1.62 (1.37,1.91)  < 0.001 1.56 (1.33,1.83)  < 0.001
 Quartile 4 1.86 (1.60,2.17)  < 0.001 1.69 (1.44,1.99)  < 0.001 1.59 (1.35,1.87)  < 0.001
 P for trend  < 0.001  < 0.001  < 0.001
 Elevated BP

Continous Lg-SII 1.61 (1.17,2.20) 0.004 1.74 (1.28,2.37)  < 0.001 1.65 (1.20,2.27) 0.003
 Quartile 1 Ref. Ref. Ref.

 Quartile 2 1.10 (0.89,1.36) 0.360 1.19 (0.96,1.47) 0.105 1.19 (0.96,1.48) 0.110

 Quartile 3 1.36 (1.15,1.62)  < 0.001 1.48 (1.25,1.76)  < 0.001 1.46 (1.24,1.72)  < 0.001
 Quartile 4 1.38 (1.13,1.69) 0.003 1.47 (1.21,1.80)  < 0.001 1.44 (1.18,1.75) 0.001
 P for trend  < 0.001  < 0.001  < 0.001
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relatively complex, with most views suggesting that oxi-
dative stress and vascular endothelial dysfunction are the 
main causes of elevated BP in a state of systemic inflam-
mation [47].

Interestingly, no association between HDL-C and SII 
has been previously reported, and we first attempted to 
bridge SII with HDL-C. HDL-C was considered a pro-
tective factor for cardiovascular and other metabolic 

diseases, and its decreased level causes lipid accumula-
tion in the blood, which in turn induces a severe inflam-
matory response [48]. This finding is consistent with 
our observations. The mechanism behind this negative 
correlation is still unknown, however, the influence 
of HDL-C on the immune system may take a major 
role. Results from in  vitro cellular assays show that 
HDL-C reduces the number of activated neutrophils 

Fig. 2  Subgroup analysis of the association between SII and MetS. Odds ratios were calculated based on Log10-SII scores increased by 1. Each 
stratum was adjusted for age, gender, race/ethnicity, education level, poverty rate, smoking status, and physical activity
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and inhibits neutrophil adhesion and migration [49]. 
The results of studies based on different populations 
revealed that HDL-C affects the systemic inflammatory 
state by altering the levels of NF-κB and TNF-α [50]. 
Meanwhile, the antioxidant is also one of the important 
pathways through which HDL-C regulates immunity 
[51].

In addition to this, we found that the association 
between SII and serum triglycerides and fasting plasma 
glucose was not significant, even after adjusting for 
covariates. Although some studies suggested that hyper-
glycemia exacerbates the inflammatory response [52], we 
speculate that the interplay between different immune 
cells under stress and the presence of selection bias may 
explain why the above associations were not significant 
in model 1 and model 2. In a retrospective case–control 
study, Wang and his colleagues did not detect significant 
differences in total neutrophil counts between women 
with gestational diabetes and controls [53]. A cross-
sectional survey from Brazil also showed no significant 
difference in NLR scores between normal and hypergly-
cemic participants [54], which is consistent with what 
we have observed so far. Similar reports emerged in an 
endless stream, and another point we should consider is 
that changes in patients’ poor lifestyle habits due to pre-
viously diagnosis like hyperglycemia and hyperlipidemia 
may have an impact on the observed results.

In this study, subgroup analysis and interaction tests 
demonstrated that the positive association between SII 
and MetS was not consistent across subgroups and dif-
fered significantly by gender, age, and smoking status. 
Varying responses to sex hormones may assist to explain 
the prevalence of gender variations in the SII-MetS rela-
tionship [55]. A meta-analysis found that lower levels 
of sex hormone-binding globulin and greater levels of 
estradiol raise the likelihood of diabetes in women [56]. 
A large amount of evidence suggests that hyperten-
sion and obesity are also associated with differences in 
sex hormone levels [57, 58]. It is generally believed that 
estrogen exacerbates the inflammatory response in indi-
viduals [59], which may explain the stronger association 
between SII and MetS in women. Another possible rea-
son is that male patients with MetS tend to be more fre-
quently exposed to smoking, which could also lead to the 
sex differences. Our results found a stronger positive cor-
relation between SII scores and MetS in never-smokers 
as well. Smoking increases the number of neutrophils in 
the airways of patients with asthma, who show a signifi-
cantly skewed distribution of SII scores [60]. The immune 
system in the smoking population is often in a state of 
disorder, and over-activated levels of inflammation bias 
the results of the subgroup analysis somewhat, obscur-
ing the true effect of elevated SII levels on the incidence 
of the MetS. The results of the subgroup analysis also 

Fig. 3  Dose–response relationships between MetS (A), Elevated TG (B), Low HDL-C (C), Elevated FPG (D), Elevated WC (E), Elevated BP (F) and SII. 
OR odds ratio, CI confidence interval. ORs (solid lines) and 95% confidence levels (shaded areas) were adjusted for age, sex, race/ethnicity, education 
levels, poverty income ratio, marital status, use of medication, history of cancer, family history of diabetes, smoking status, physical activity, 
and alcohol consumption. Vertical dotted lines indicate the minimal threshold for the beneficial association with estimated OR = 1
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suggest that there are age differences in the relationship 
between SII and MetS. One report indicated that when 
an external infection is present, the degree of immune 
activation is not the same in different age groups and that 
the higher the age, the weaker the immune response [61]. 
This may be related to decreased immune cell function 
and a reduced number of pattern recognition receptors 
in older populations. The theory of "aging inflammation" 
was recognized during the COVID-19 epidemic [62]. 
Many chronic diseases in older individuals, such as coro-
nary artery disease and COPD, also inhibit the immune 
system from functioning properly [61]. Moreover, we dis-
covered a negative relationship between SII and MetS in 
patients above the age of 60. However, this was not statis-
tically significant. We hypothesize that this occurrence is 
due to a inadequate sample size in this age group.

Moreover, the magnitude of association and trend anal-
yses in logistic regression were assessed in this study, and 
the dose–effect connection was investigated using RCS 
analysis. The link between SII and MetS was discovered 
to be an inverted U-shaped RCS curve. A rise in log-SII 
below the threshold was strongly related to the risk of 
MetS development. However, above the threshold, the 
OR of MetS gradually plateaued with a further increase 
in log-SII dose. Several studies have shown that in organ-
isms, receptor-mediated responses start out showing a 
strong dependence on increasing doses and cease to be 
sensitive to increasing doses after reaching a peak [63]. 
Insulin resistance is the core mechanism linking inflam-
mation and MetS, and saturation of insulin receptors, as 
an early manifestation and major cause of MetS, might 
be the main reason for the gradual flattening of the ris-
ing curve [64]. Similarly, saturation exists at others, such 
as TG and leptin receptors. Another possible explanation 
is that we believe that the smoothing component after 
the inflection point may be associated with missing data 
in patients with high SII scores. An inverted U-shaped 
relationship between log-SII and specific components 
of MetS, such as abdominal obesity and hypertriglyceri-
demia, was also observed in this study. However, there 
was no nonlinear relationship between log-SII and low 
levels of HDL-C or high levels of FPG or BP, and the 
mechanism behind this warrants further investigation.

Our study holds several distinct advantages. Firstly, our 
study is the first to explicitly investigate the role of SII in 
MetS. Additionally, we analyze the association between 
SII and each subset of MetS, interpreting the results sep-
arately. This approach showcases the rigorous nature of 
our study. Secondly, our study utilized a cross-sectional 
investigation of a large, nationally representative sample 
cohort. This methodology allowed us to comprehensively 
control for confounding factors. Moreover, the substan-
tial sample size enabled us to conduct subgroup analyses, 

thereby exploring the potential influence of other factors 
on the association between SII and MetS. As a result, our 
findings are more representative and valid, allowing for 
the generalization of our results to the broader adult pop-
ulation in the United States. Thirdly, we adjusted the SII 
scores to account for continuous and categorical varia-
bles. Furthermore, we separated the analysis of each vari-
able to minimize potential eventualities during statistical 
analysis, enhancing the reliability of our findings.

However, there are some limitations to this study. 
First, due to the initial design of the NHANES database, 
we were only able to measure platelet, neutrophil, and 
lymphocyte counts at a single time point at baseline sta-
tus, but these counts may have changed over time with 
follow-up. Moreover, in the actual analyses work, we 
tended to exclude participants who had incomplete data 
like missing cell counts, which leaded to the appearance 
of selection bias. Although we have adjusted the data 
to the greatest extent possible, it is undeniable that this 
bias still exists. Hence, our study’s findings may not accu-
rately represent all individuals. Second, the cross-sec-
tional investigation hindered us from defining the causal 
relationship and temporal order between SII and MetS. 
Thirdly, despite adjusting for a large number of possible 
confounders, we were unable to remove fully the impact 
of unmeasured confounders. Therefore, we should be 
prudent about our conclusions, which require us to con-
duct more detailed studies on groups with different dis-
eases in the future.

Despite some limitations and shortcomings, our study 
still has tremendous clinical significance. As a novel non-
invasive biomarker of inflammation, SII allows for a more 
comprehensive way to assess immune and inflammatory 
responses [65]. This study also confirms our previous 
conjecture and patients’ SII scores will serve as an impor-
tant basis for the diagnosis of MetS. Especially in modern 
society, MetS often affects a large portion of the popu-
lation in grassroots communities. And the SII scores, 
including three simple and effective hematology indica-
tors, may serve as a straightforward and efficient indica-
tor for primary care physicians to evaluate MetS. In the 
future, we anticipate conducting a multicenter prospec-
tive cohort study to investigate the potential of SII as an 
independent predictor of MetS. With routine testing of 
cell counts in patients’ blood, our aim is to offer guid-
ance, prevention, and protection to high-risk individuals 
prior to the onset of metabolic syndrome.

Conclusion
Our findings suggest a strong association between ele-
vated SII levels and the presence of MetS, particularly 
in relation to abdominal obesity, hypertension, and 
HDL-C. Our data indicate that SII shows promise as a 
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straightforward and cost-effective approach to identify 
individuals with MetS, utilizing the NHANES data-
base and employing more rigorous statistical analysis 
to account for confounding variables. However, further 
verification of our findings necessitates larger-scale, 
multicenter prospective cohort studies.

Acknowledgements
The authors acknowledge gratitude to all the staff who participated in this 
study.

Author contributions
YZ analyzed the data and performed the data curation. WY, QH and YZ wrote 
the paper. XF, BJ, TS and RZ revised the paper. YZ and WY contributed equally 
to this work. All authors read and approved the final manuscript.

Funding
Joint Medical Research Project of Chongqing Science and Technology Com-
mission and Health Commission (2021MSXM262), and the National Natural 
Science Foundation of Chongqing (Grant No. cstc2021jcyj-msxmX0965).

Availability of data and materials
The National Health and Nutrition Examination Survey dataset is publicly 
available at the National Center for Health Statistics of the Center for Disease 
Control and Prevention (https://​www.​cdc.​gov/​nchs/​nhanes/​index.​htm).

Declarations

Ethics approval and consent to participate
NHANES is conducted by the Centers for Disease Control and Prevention 
(CDC) and the National Center for Health Statistics (NCHS). The NCHS Research 
Ethics Review Committee reviewed and approved the NHANES study proto-
col. All participants signed written informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interest that pertain to this work.

Author details
1 Department of Nuclear Medicine, Southwest Hospital, Third Military Medical 
University (Army Medical University), Chongqing, China. 2 Department of Basic 
Medicine, Third Military Medical University (Army Medical University), Chong-
qing, China. 3 Department of Biomedical Engineering, Fourth Military Medical 
University, Xi’an, China. 4 Department of Neurology, Southwest Hospital, Third 
Military Medical University (Army Medical University), Chongqing, China. 

Received: 20 April 2023   Accepted: 30 August 2023

References
	1.	 Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, 

Fruchart JC, James WP, Loria CM, Smith SC Jr. Harmonizing the meta-
bolic syndrome: a joint interim statement of the International Diabetes 
Federation Task Force on Epidemiology and Prevention; National Heart, 
Lung, and Blood Institute; American Heart Association; World Heart 
Federation; International Atherosclerosis Society; and International 
Association for the Study of Obesity. Circulation. 2009;120:1640–5.

	2.	 Hirode G, Wong RJ. Trends in the prevalence of metabolic syndrome in 
the United States, 2011–2016. JAMA. 2020;323:2526–8.

	3.	 Saklayen MG. The global epidemic of the metabolic syndrome. Curr 
Hypertens Rep. 2018;20:12.

	4.	 Zhang X, Guo Y, Yao N, Wang L, Sun M, Xu X, Yang H, Sun Y, Li B. Associa-
tion between dietary inflammatory index and metabolic syndrome: 
analysis of the NHANES 2005–2016. Front Nutr. 2022;9: 991907.

	5.	 Tilg H, Moschen AR. Inflammatory mechanisms in the regulation of 
insulin resistance. Mol Med. 2008;14:222–31.

	6.	 Beverly JK, Budoff MJ. Atherosclerosis: pathophysiology of insulin resist-
ance, hyperglycemia, hyperlipidemia, and inflammation. J Diabetes. 
2020;12:102–4.

	7.	 Reinhold D, Ansorge S, Schleicher ED. Elevated glucose levels stimulate 
transforming growth factor-beta 1 (TGF-beta 1), suppress interleukin 
IL-2, IL-6 and IL-10 production and DNA synthesis in peripheral blood 
mononuclear cells. Horm Metab Res. 1996;28:267–70.

	8.	 Price CL, Hassi HO, English NR, Blakemore AI, Stagg AJ, Knight SC. Meth-
ylglyoxal modulates immune responses: relevance to diabetes. J Cell Mol 
Med. 2010;14:1806–15.

	9.	 Esser N, Legrand-Poels S, Piette J, Scheen AJ, Paquot N. Inflammation as a 
link between obesity, metabolic syndrome and type 2 diabetes. Diabetes 
Res Clin Pract. 2014;105:141–50.

	10.	 Berbudi A, Rahmadika N, Tjahjadi AI, Ruslami R. Type 2 diabetes and its 
impact on the immune system. Curr Diabetes Rev. 2020;16:442–9.

	11.	 Hotamisligil GS. Foundations of immunometabolism and implications for 
metabolic health and disease. Immunity. 2017;47:406–20.

	12.	 Nishimura S, Manabe I, Nagasaki M, Eto K, Yamashita H, Ohsugi M, Otsu 
M, Hara K, Ueki K, Sugiura S, et al. CD8+ effector T cells contribute to 
macrophage recruitment and adipose tissue inflammation in obesity. Nat 
Med. 2009;15:914–20.

	13.	 Chawla A, Nguyen KD, Goh YP. Macrophage-mediated inflammation in 
metabolic disease. Nat Rev Immunol. 2011;11:738–49.

	14.	 Hu B, Yang XR, Xu Y, Sun YF, Sun C, Guo W, Zhang X, Wang WM, Qiu SJ, 
Zhou J, Fan J. Systemic immune-inflammation index predicts prognosis 
of patients after curative resection for hepatocellular carcinoma. Clin 
Cancer Res. 2014;20:6212–22.

	15.	 Wang J, Zhou D, Dai Z, Li X. Association between systemic immune-
inflammation index and diabetic depression. Clin Interv Aging. 
2021;16:97–105.

	16.	 Tong YS, Tan J, Zhou XL, Song YQ, Song YJ. Systemic immune-inflam-
mation index predicting chemoradiation resistance and poor outcome 
in patients with stage III non-small cell lung cancer. J Transl Med. 
2017;15:221.

	17.	 Chien TM, Li CC, Lu YM, Chou YH, Chang HW, Wu WJ. The predictive value 
of systemic immune-inflammation index on bladder recurrence on upper 
tract urothelial carcinoma outcomes after radical nephroureterectomy. J 
Clin Med. 2021;10:5273.

	18.	 Xu H, Feng H, Zhang W, Wei F, Zhou L, Liu L, Zhao Y, Lv Y, Shi X, Zhang J, 
Ren X. Prediction of immune-related adverse events in non-small cell 
lung cancer patients treated with immune checkpoint inhibitors based 
on clinical and hematological markers: Real-world evidence. Exp Cell Res. 
2022;416: 113157.

	19.	 Chen JH, Zhai ET, Yuan YJ, Wu KM, Xu JB, Peng JJ, Chen CQ, He YL, Cai 
SR. Systemic immune-inflammation index for predicting prognosis of 
colorectal cancer. World J Gastroenterol. 2017;23:6261–72.

	20.	 He K, Si L, Pan X, Sun L, Wang Y, Lu J, Wang X. Preoperative systemic 
immune-inflammation index (SII) as a superior predictor of long-term 
survival outcome in patients with stage I-II gastric cancer after radical 
surgery. Front Oncol. 2022;12: 829689.

	21.	 Rimini M, Casadei-Gardini A, Ravaioli A, Rovesti G, Conti F, Borghi A, 
Dall’Aglio AC, Bedogni G, Domenicali M, Giacomoni P, et al. Could 
inflammatory indices and metabolic syndrome predict the risk of cancer 
development? Analysis from the Bagnacavallo population study. J Clin 
Med. 2020;9:1177.

	22.	 Aziz MH, Sideras K, Aziz NA, Mauff K, Haen R, Roos D, Saida L, Suker M, van 
der Harst E, Mieog JS, et al. The systemic-immune-inflammation index 
independently predicts survival and recurrence in resectable pancreatic 
cancer and its prognostic value depends on bilirubin levels: a retrospec-
tive multicenter cohort study. Ann Surg. 2019;270:139–46.

	23.	 Jomrich G, Paireder M, Kristo I, Baierl A, Ilhan-Mutlu A, Preusser M, Asari 
R, Schoppmann SF. High systemic immune-inflammation index is an 
adverse prognostic factor for patients with gastroesophageal adenocarci-
noma. Ann Surg. 2021;273:532–41.

	24.	 Zhang F, Niu M, Wang L, Liu Y, Shi L, Cao J, Mi W, Ma Y, Liu J. Systemic-
immune-inflammation index as a promising biomarker for predicting 
perioperative ischemic stroke in older patients who underwent non-
cardiac surgery. Front Aging Neurosci. 2022;14: 865244.

https://www.cdc.gov/nchs/nhanes/index.htm


Page 13 of 13Zhao et al. Journal of Translational Medicine          (2023) 21:691 	

	25.	 Rodríguez CP, González MC, Aguilar-Salinas CA, Nájera-Medina O. Periph-
eral lymphocytes, obesity, and metabolic syndrome in young adults: an 
immunometabolism study. Metab Syndr Relat Disord. 2018;16:342–9.

	26.	 Guo W, Song Y, Sun Y, Du H, Cai Y, You Q, Fu H, Shao L. Systemic immune-
inflammation index is associated with diabetic kidney disease in Type 
2 diabetes mellitus patients: evidence from NHANES 2011–2018. Front 
Endocrinol (Lausanne). 2022;13:1071465.

	27.	 Song Y, Guo W, Li Z, Guo D, Li Z, Li Y. Systemic immune-inflammation 
index is associated with hepatic steatosis: evidence from NHANES 
2015–2018. Front Immunol. 2022;13:1058779.

	28.	 Zhang J, Jiang J, Qin Y, Zhang Y, Wu Y, Xu H. Systemic immune-inflamma-
tion index is associated with decreased bone mass density and osteo-
porosis in postmenopausal women but not in premenopausal women. 
Endocr Connect. 2023;12:e220461.

	29.	 Xie Y, Zhuang T, Ping Y, Zhang Y, Wang X, Yu P, Duan X. Elevated systemic 
immune inflammation index level is associated with disease activity in 
ulcerative colitis patients. Clin Chim Acta. 2021;517:122–6.

	30.	 Executive summary of the third report of the national cholesterol educa-
tion program (NCEP) expert panel on detection, evaluation, and treat-
ment of high blood cholesterol in adults (Adult Treatment Panel III). JAMA 
2001, 285:2486–2497.

	31.	 Ross KM, Guardino C, Dunkel Schetter C, Hobel CJ. Interactions between 
race/ethnicity, poverty status, and pregnancy cardio-metabolic diseases 
in prediction of postpartum cardio-metabolic health. Ethn Health. 
2020;25:1145–60.

	32.	 Adışen E, Uzun S, Erduran F, Gürer MA. Prevalence of smoking, alcohol 
consumption and metabolic syndrome in patients with psoriasis. An Bras 
Dermatol. 2018;93:205–11.

	33.	 Bishehsari F, Voigt RM, Keshavarzian A. Circadian rhythms and the gut 
microbiota: from the metabolic syndrome to cancer. Nat Rev Endocrinol. 
2020;16:731–9.

	34.	 Yang X, Xue Q, Wen Y, Huang Y, Wang Y, Mahai G, Yan T, Liu Y, Rong T, 
Wang Y, et al. Environmental polycyclic aromatic hydrocarbon exposure 
in relation to metabolic syndrome in US adults. Sci Total Environ. 
2022;840: 156673.

	35.	 Russo S, Kwiatkowski M, Govorukhina N, Bischoff R, Melgert BN. Meta-
Inflammation and metabolic reprogramming of macrophages in diabe-
tes and obesity: the importance of metabolites. Front Immunol. 2021;12: 
746151.

	36.	 Kelesoglu S, Yilmaz Y, Elcık D, Kalay N. Systemic immune inflammation 
index: a novel predictor for coronary collateral circulation. Perfusion. 
2022;37:605–12.

	37.	 Fan W, Zhang Y, Gao X, Liu Y, Shi F, Liu J, Sun L. The prognostic value of 
a derived neutrophil-lymphocyte ratio in patients with acute coronary 
syndrome undergoing percutaneous coronary intervention. Clin Appl 
Thromb Hemost. 2021;27:10760296211034580.

	38.	 Xu M, Chen R, Liu L, Liu X, Hou J, Liao J, Zhang P, Huang J, Lu L, Chen L, 
et al. Systemic immune-inflammation index and incident cardiovascular 
diseases among middle-aged and elderly Chinese adults: The Dongfeng-
Tongji cohort study. Atherosclerosis. 2021;323:20–9.

	39.	 Baygi F, Herttua K, Sheidaei A, Ahmadvand A, Jensen OC. Association of 
Serum Uric Acid with cardio-metabolic risk factors and metabolic syn-
drome in seafarers working on tankers. BMC Public Health. 2020;20:442.

	40.	 Tsai IJ, Beilin LJ, Puddey IB, Croft KD, Barden A. Impaired ex vivo 
leukotriene B4 production characterizes the metabolic syndrome 
and is improved after weight reduction. J Clin Endocrinol Metab. 
2007;92:4747–52.

	41.	 Pérez PM, Moore-Carrasco R, González DR, Fuentes EQ, Palomo IG. Gene 
expression of adipose tissue, endothelial cells and platelets in subjects 
with metabolic syndrome (Review). Mol Med Rep. 2012;5:1135–40.

	42.	 van Rooy MJ, Pretorius E. Metabolic syndrome, platelet activation and 
the development of transient ischemic attack or thromboembolic stroke. 
Thromb Res. 2015;135:434–42.

	43.	 Kostapanos MS, Florentin M, Elisaf MS, Mikhailidis DP. Hemostatic factors 
and the metabolic syndrome. Curr Vasc Pharmacol. 2013;11:880–905.

	44.	 Lumeng CN, DelProposto JB, Westcott DJ, Saltiel AR. Phenotypic 
switching of adipose tissue macrophages with obesity is generated 
by spatiotemporal differences in macrophage subtypes. Diabetes. 
2008;57:3239–46.

	45.	 Akyüz A, Işık F. Systemic immune-inflammation index: a novel predictor 
for non-dipper hypertension. Cureus. 2022;14: e28176.

	46.	 Cao Y, Li P, Zhang Y, Qiu M, Li J, Ma S, Yan Y, Li Y, Han Y. Association of 
systemic immune inflammatory index with all-cause and cause-specific 
mortality in hypertensive individuals: Results from NHANES. Front Immu-
nol. 2023;14:1087345.

	47.	 Dinh QN, Drummond GR, Sobey CG, Chrissobolis S. Roles of inflamma-
tion, oxidative stress, and vascular dysfunction in hypertension. Biomed 
Res Int. 2014;2014: 406960.

	48.	 Welty FK. How do elevated triglycerides and low HDL-cholesterol affect 
inflammation and atherothrombosis? Curr Cardiol Rep. 2013;15:400.

	49.	 Nicholls SJ, Dusting GJ, Cutri B, Bao S, Drummond GR, Rye KA, Barter PJ. 
Reconstituted high-density lipoproteins inhibit the acute pro-oxidant 
and proinflammatory vascular changes induced by a periarterial collar in 
normocholesterolemic rabbits. Circulation. 2005;111:1543–50.

	50.	 Fontaine-Bisson B, Wolever TM, Connelly PW, Corey PN, El-Sohemy A. 
NF-kappaB -94Ins/Del ATTG polymorphism modifies the association 
between dietary polyunsaturated fatty acids and HDL-cholesterol in two 
distinct populations. Atherosclerosis. 2009;204:465–70.

	51.	 Zhang Q, Jiang Z, Xu Y. HDL and oxidation. Adv Exp Med Biol. 
2022;1377:63–77.

	52.	 Thevkar-Nagesh P, Habault J, Voisin M, Ruff SE, Ha S, Ruoff R, Chen X, 
Rawal S, Zahr T, Szabo G, et al. Transcriptional regulation of Acsl1 by 
CHREBP and NF-kappa B in macrophages during hyperglycemia and 
inflammation. PLoS ONE. 2022;17: e0272986.

	53.	 Wang J, Zhu QW, Cheng XY, Sha CX, Cui YB. Clinical significance of 
neutrophil-lymphocyte ratio and monocyte-lymphocyte ratio in women 
with hyperglycemia. Postgrad Med. 2020;132:702–8.

	54.	 Mendes BB, Oliveira ACR, Alcântara KC. Comparison of the neutrophil-to-
lymphocyte and platelet-to-lymphocyte ratios in normoglycemic and 
hyperglycemic subjects. Einstein (Sao Paulo). 2019;17:eAO4403.

	55.	 Ding EL, Song Y, Manson JE, Rifai N, Buring JE, Liu S. Plasma sex steroid 
hormones and risk of developing type 2 diabetes in women: a prospec-
tive study. Diabetologia. 2007;50:2076–84.

	56.	 Ding EL, Song Y, Malik VS, Liu S. Sex differences of endogenous sex hor-
mones and risk of type 2 diabetes: a systematic review and meta-analysis. 
JAMA. 2006;295:1288–99.

	57.	 Colafella KMM, Denton KM. Sex-specific differences in hypertension and 
associated cardiovascular disease. Nat Rev Nephrol. 2018;14:185–201.

	58.	 Perry AC, Martin L. Race differences in obesity and its relationship to the 
sex hormone milieu. Horm Mol Biol Clin Investig. 2014;19:151–61.

	59.	 Reyes-García J, Montaño LM, Carbajal-García A, Wang YX. Sex Hormones 
and Lung Inflammation. Adv Exp Med Biol. 2021;1304:259–321.

	60.	 Nagasaki T, Matsumoto H. Influences of smoking and aging on allergic 
airway inflammation in asthma. Allergol Int. 2013;62:171–9.

	61.	 Costagliola G, Spada E, Consolini R. Age-related differences in the 
immune response could contribute to determine the spectrum of sever-
ity of COVID-19. Immun Inflamm Dis. 2021;9:331–9.

	62.	 Meftahi GH, Jangravi Z, Sahraei H, Bahari Z. The possible pathophysiology 
mechanism of cytokine storm in elderly adults with COVID-19 infection: 
the contribution of “inflame-aging.” Inflamm Res. 2020;69:825–39.

	63.	 Che Z, Jia H, Chen R, Pan K, Fan Z, Su C, Wu Z, Zhang T. Associations 
between exposure to brominated flame retardants and metabolic 
syndrome and its components in U.S. adults. Sci Total Environ. 
2023;858:159935.

	64.	 Wisse BE. The inflammatory syndrome: the role of adipose tissue 
cytokines in metabolic disorders linked to obesity. J Am Soc Nephrol. 
2004;15:2792–800.

	65.	 Fest J, Ruiter R, Ikram MA, Voortman T, van Eijck CHJ, Stricker BH. Refer-
ence values for white blood-cell-based inflammatory markers in the 
Rotterdam Study: a population-based prospective cohort study. Sci Rep. 
2018;8:10566.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Association between systemic immune-inflammation index and metabolic syndrome and its components: results from the National Health and Nutrition Examination Survey 2011–2016
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study design and population
	Definition of systemic immunoinflammatory index
	MetS definition
	Covariates
	Statistical analysis

	Results
	Baseline characteristics of participants
	Association between SII and MetS
	Subgroup analysis
	Analysis of restricted cubic spline regression

	Discussion
	Conclusion
	Acknowledgements
	References


