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Background: The systemic immune inflammation (SII) index provides a comprehensive assessment of inflammatory and immune 
status in patients with different diseases. However, it remains unclear whether the SII can be considered a valuable prognostic risk 
factor of all-cause mortality for postmenopausal women.
Methods: We analyzed data from 1882 postmenopausal women enrolled in the National Health and Nutrition Examination Survey 
(NHANES) from 1999 to 2018. The Systemic Immune-Inflammation Index (SII) was calculated using peripheral blood cell counts and 
categorized into quartiles. Multivariable Cox proportional hazards models and restricted cubic spline analyses were employed to assess 
the association between SII and mortality outcomes.
Results: Over a median follow-up period of 8 years, 13.5% individuals died, with 4% deaths attributed to CVD. Patients with 
extremely high SII levels experienced significantly higher all-cause and CVD mortality. Compared to the low SII group (Q1), the 
hazard ratio (HR) and 95% confidence interval (CI) for all-cause mortality risk were 0.96 (0.87, 1.07), 0.97 (0.88, 1.08), and 1.28 
(1.16, 1.41) for Q2, Q3, and Q4, respectively. Similarly, the HR (95% CI) for CVD mortality in Q2, Q3, and Q4 were 1.02 (0.83, 1.24), 
1.11 (0.92, 1.34), and 1.32 (1.10, 1.58), respectively. Including SII in addition to traditional risk factors resulted in a slight 
enhancement in mortality prediction capability.
Conclusion: Among postmenopausal women, extremely high SII levels were identified as an independent risk factor for all-cause and 
CVD mortality.
Keywords: systemic immune inflammation, mortality, postmenopausal women, women health, cardiovascular disease

Background
Postmenopausal women, defined as individuals who have completed menopause more than a year ago, generally range in age 
from 45 to 55 years.1 As the global population ages, the proportion of postmenopausal women has increased markedly.2 

Current estimates suggest that nearly one billion women globally are in the postmenopausal phase.3 Significant hormonal 
changes, particularly the decline in estrogen levels, expose postmenopausal women to various health risks.4 Notably, the 
incidence of cardiovascular disease (CVD) in postmenopausal women is two to three times higher than in their premenopausal 
counterparts.5 This elevation is likely attributable to the diminished cardioprotective effects of estrogen following menopause, 
which leads to a rapid increase in CVD incidence.6 Moreover, postmenopausal women are at an elevated risk of developing 
osteoporosis, obesity, hypertension, diabetes, and other components of metabolic syndrome.7–9

Systemic immune inflammation is increasingly recognized as a pivotal pathological mechanism underlying a variety of 
chronic conditions, such as CVD, diabetes, and cancer.10–12 The excessive and persistent expression of inflammatory 
cytokines is strongly linked to a wide range of adverse health outcomes.13,14 Recently, the systemic immune-inflammation 
index (SII) has been introduced as an integrative measure for assessing the inflammatory and immune status of individuals.15 

This index is derived from the counts of lymphocytes, neutrophils, and platelet. Neutrophils are indicative of the acute 
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inflammatory response, lymphocytes represent immune regulation, and platelets are involved in inflammation and 
thrombosis.16,17 The combination of these three components provides a comprehensive measure of both immune suppression 
and inflammation, making SII a robust biomarker of systemic inflammation. Compared to other inflammatory scores, such as 
the “low-grade inflammation score”, the SII offers several advantages. It is relatively easy to calculate from routine complete 
blood counts (CBC), is non-invasive, and does not require specialized testing, making it feasible for large-scale epidemio-
logical studies. Moreover, SII index has demonstrated its effectiveness as a prognostic tool for various inflammation-related 
diseases, encompassing cancer, inflammatory bowel disease, severe infections, and CVD.18–22 Although SII index has been 
studied in various contexts, there is limited evidence on the predictive value of SII specifically for cardiovascular and all-cause 
mortality in postmenopausal women, and whether extremely high levels of SII represent an independent risk factor compared 
to lower levels remains inadequately explored. Our study aims to address these gaps by investigating the association between 
SII and mortality outcomes in this specific population.

Postmenopausal women undergo significant hormonal shifts, primarily driven by a decline in estrogen levels, which results 
in physiological changes distinct from those observed in premenopausal women and men.23 Estrogen is known to play 
a pivotal role in regulating inflammation, lipid metabolism, and glucose homeostasis.24 Following menopause, the reduction in 
estrogen is associated with heightened systemic inflammation, as indicated by increased levels of markers such as C-reactive 
protein and the SII Index. This inflammatory burden contributes to an elevated risk of metabolic comorbidities, including 
obesity, metabolic syndrome, hypertension, diabetes, and CVD.25 The loss of estrogen’s cardioprotective effects further 
amplifies the susceptibility of postmenopausal women to cardiovascular conditions compared to their premenopausal 
counterparts.26 These factors collectively position postmenopausal women as a high-risk population, underscoring the need 
to investigate systemic inflammation and its health implications in this group. Recent studies have underscored the critical role 
of systemic inflammation in the pathogenesis of cardiovascular disease among postmenopausal women.27 Experts in the field 
have highlighted the urgent need for reliable prognostic markers to assess mortality risk in this vulnerable population.28 The 
SII has emerged as a promising tool for evaluating inflammatory status across various diseases, though its specific application 
in postmenopausal women remains underexplored.29

Therefore, this study aimed to investigate the association between SII levels and all-cause and CVD mortality in 
postmenopausal women, utilizing a US nationally representative cohort. The findings have the potential to extend the 
clinical value of the SII index and improve survival outcomes in the targeted populations.

Methods
Study Population
This study utilized data obtained from the National Health and Nutrition Examination Survey (NHANES), 
a comprehensive program administered by the Centers for Disease Control and Prevention (CDC) and the National 
Centers for Health Statistics (NCHS) in the United States. The NHANES survey aims to assess the health and nutritional 
status of the American population, adhering to the STROBE guidelines for documenting observational studies. Excluding 
individuals with incomplete data, the study population consisted of 1882 postmenopausal women and who participated in 
NHANES between 1999–2018. We utilized data from the NHANES cohort, which is a US nationally representative 
survey. From the total cohort, we only included postmenopausal women, which comprised 13.6% of the overall sample. 
Women were excluded if they were premenopausal, had incomplete data on menopausal status, or lacked other critical 
variables for analysis. Despite this selection, the study sample is still largely representative of postmenopausal women in 
the US, as the sampling weights provided by NHANES were applied to account for the complex survey design, ensuring 
generalizability to the broader population. The selection process of the study population is presented in Figure 1.

Ethical Considerations
The NHANES protocol was approved by the National Center for Health Statistics Research Ethics Review Board, and all 
participants provided written informed consent. Our clinical study also received ethics approval from the Jiangxi 
Maternal and Child Health Hospital Ethics Committee (Approval No. EC-KY-202346).
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Menopausal Status Definitions
Menopausal status was assessed using a self-reported reproductive health questionnaire. Women were considered 
postmenopausal if they reported not having had a menstrual period in the past 12 months and indicated either 
“hysterectomy” or “menopause/changes of life” as the reason. To minimize this potential bias, we excluded participants 
with incomplete or ambiguous responses regarding their menstrual history. Additionally, we employed the age criterion 
as a secondary check, verifying that participants were within the typical age range for menopause. The detailed 
questionnaire is available on the National Reproductive Health and Reproductive Health Action Plan website.30

Calculation of Systemic Immune-Inflammation Index
The complete blood count (CBC) was conducted in NHANES using the Coulter® DxH 800 analyzer and overseen by 
trained NHANES staff. Typically, the CBC includes measurements of red blood cell, white blood cell (WBC), and 
platelet (PLT). The SII is a calculated index that combines peripheral blood cell counts, specifically lymphocytes 
(LYMPH), neutrophils (NEUT), and PLTs, to assess the systemic immune and inflammatory response.29 The formula 
to calculate SII is as follows: SII = (Platelet count × Neutrophil count) / Lymphocyte count.

Mortality Ascertainment and Follow-up Calculation
This study utilized death data obtained from the death certificate records of the National Death Index, which were 
provided by the NCHS. The mortality files associated with these records were updated until December 31, 2019. Causes 
of death were determined using the International Classification of Diseases, 10th revision (ICD-10) codes. All-cause 
mortality encompassed deaths from cancer (C00-C97), CVD (I00-I09, I11, I13, I20-I51), cerebrovascular disease (I60- 
I69), respiratory disease (J10-J18, J40-J47), and other causes.

The follow-up time was calculated from the baseline assessment (start date) to either the occurrence of death (event) 
or the end of the study period (censoring date). Start Date: The start date was defined as the date of the initial NHANES 
interview and health assessment when the SII levels were measured. End Date: The end date was either the date of death 

Figure 1 Flow chart of study participants. 
Abbreviations: CVD, cardiovascular disease; NEUT, neutrophils; LYMPH, lymphocytes; PLT, platelets.
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(as determined by linkage to the National Death Index) or December 31, 2019, which was the cutoff for the most recent 
mortality data available. If a participant did not experience the event (death), they were censored at the end date of 
follow-up.

Ascertainment of Covariates
The study incorporated multiple covariates, comprising demographic information, medical history, and laboratory tests. 
The study collected demographic data through self-report NHANES questionnaires, which included essential variables 
such as age, racial/ethnic background (categorized as non-Hispanic White, Hispanic, non-Hispanic Black, or other), 
marital status, educational attainment, smoking and drinking habits. The calculation of the body mass index (BMI) 
involves dividing a person’s weight by the square of their height. The study utilized self-reported data to determine the 
physician-diagnosed conditions such as hypertension, diabetes, coronary heart disease, and heart failure, as well as the 
usage of glucose-lowering drugs, lipid-lowering drugs, and antihypertensive drugs. The levels of FBG were determined 
via a comprehensive analysis of blood samples. HbA1c levels were determined by analyzing whole blood samples using 
a Primus automated HPLC system (Primus I, CLC330 model). Blood lipids levels were were measured by analyzing 
fasting venous blood samples with a Hitachi 704 analyzer. Hemoglobin concentrations were determined by analyzing 
whole blood using a five-part differential complete blood count (Beckman Coulter MAXM analyzer). The measurement 
of C-reactive protein (CRP) is conducted using high-sensitivity assays performed on the Behring Nephelometer System. 
The eGFR was calculated using the simplified Modification of Diet in Renal Disease (MDRD) formula.31

Statistical Analysis
Data were analyzed using R version 4.0.2 and IBM SPSS version 23, accounting for NHANES’ complex survey design. 
The systemic immune-inflammation index (SII) was log-transformed due to its skewed distribution. Multivariable Cox 
proportional hazards models were used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for the 
association between SII quartiles and mortality outcomes, adjusting for confounders selected based on clinical relevance 
and univariate significance. The proportional hazards assumption was verified using Schoenfeld residuals. Kaplan-Meier 
curves were generated to visualize survival differences across SII quartiles, and restricted cubic splines were employed to 
assess linearity. Predictive performance was evaluated using C-statistics, integrated discrimination improvement (IDI), 
and net reclassification improvement (NRI). A two-tailed P-value <0.05 was considered statistically significant.

Results
A total of 18, 82 postmenopausal women with completed data were selected for analysis in this study. The weighted 
mean age of the participants was 69.7 ± 9.9 years. Among the participants, the median SII index was 486.5. When 
compared to the low SII group (Q1), those with extremely high SII levels (Q4) were older, and exhibited a higher 
proportion of non-Hispanic Whites, higher rates of heart failure, elevated levels of glucose, AST, NEUT, PLT, and CRP, 
as well as lower levels of HB, and LYMPH (P < 0.05) (Table 1).

During a median follow-up period of 8 years, 13.5% individuals died from any cause, and 4% individuals died 
specifically from CVD. The incidence of all-cause mortality in the Q1, Q2, Q3, and Q4 groups was 11.4%, 11.5%, 
12.2%, and 19%, respectively, with a progressive increase observed across these groups (see Figure 2A, P for trend < 
0.001). Similarly, the incidence of CVD mortality in the Q1, Q2, Q3, and Q4 groups was 3.2%, 3.4%, 3.7%, and 5.3%, 
respectively, demonstrating an upward trend across the four groups (refer to Figure 2B, P for trend < 0.001).

The SII index was transformed into its natural logarithm to create a continuous variable, revealing a non-linear 
association between the SII index and the risk of all-cause mortality (Figure 3A, P < 0.001 for nonlinearity). Table 2 
presents a 22% increase in the risk of all-cause mortality per unit increase in the natural logarithm of the SII index (HR, 
1.22; 95% CI, 1.14–1.29). After dividing the SII into quartiles and fully adjusting for confounders, it was found that 
patients in the Q4 group had a higher risk of all-cause mortality compared to those in the Q1 group (HR, 1.28; 95% CI, 
1.16–1.41).

Table 2 demonstrates that elevated SII levels were associated with an increased risk of CVD mortality (HR, 1.28; 
95% CI, 1.14–1.44). Likewise, the SII index was categorized into four quartiles, and individuals in Q4 exhibited the 
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highest risk of CVD mortality (HR, 1.32; 95% CI, 1.10–1.58) when compared to the other groups. However, a linear 
relationship was found between SII and the risk of CVD mortality (Figure 3B, P = 0.126 for nonlinearity). Figure 4A 
illustrates the cumulative risk of all-cause mortality among the Q1, Q2, Q3, and Q4 groups, w ith the Q4 group exhibiting 
a significantly higher mortality risk compared to the other groups (Log-rank P < 0.001). The Kaplan-Meier curve 
indicated a comparable risk of CVD mortality in Q1, Q2, and Q3 groups, while the Q4 group exhibited a significantly 
higher risk of CVD mortality (Figure 4B, Log-rank P < 0.001).

Table 1 Baseline Characteristics According to Quartiles of SII Levelsa

Characteristic Q1 (≤334.27) Q2 (334.27–470.33) Q3 (470.33–669.36) Q4 (>669.36) P-value

Low Medium High Extremely High

N 466 473 469 474

Age, years 68.6 ± 9.5 68.1 ± 9.8 70.0 ± 9.8 70.4 ± 10.0 <0.001
Race and ethnicity, %

Non-Hispanic White 287 (61.6%) 332 (70.2%) 353 (75.3%) 336 (70.9%) <0.001

Hispanic 39 (8.4%) 47 (9.9%) 36 (7.7%) 43 (9.1%)
Non-Hispanic Black 86 (18.5%) 46 (9.7%) 42 (9.0%) 43 (9.1%)

Otherb 54 (11.6%) 48 (10.1%) 38 (8.1%) 52 (11.0%)

Education attainment, %
<High school 49 (10.5%) 61 (12.9%) 47 (10.0%) 52 (11.0%) 0.824

High school 169 (36.3%) 166 (35.1%) 180 (38.5%) 173 (36.7%)

>High school 248 (53.2%) 246 (52.0%) 241 (51.5%) 246 (52.2%)
BMI, kg/m2 29.0 ± 6.8 29.3 ± 6.7 28.5 ± 6.4 29.4 ± 8.1 0.256

Smoking, % 135 (29.0%) 145 (30.7%) 165 (35.2%) 154 (32.6%) 0.271

Alcohol consumption, % 225 (52.0%) 199 (46.1%) 204 (47.9%) 206 (48.5%) 0.391
Hypertension, % 321 (68.9%) 333 (70.4%) 335 (71.4%) 353 (74.5%) 0.278

Antihypertensive drugs, % 73 (15.7%) 101 (21.4%) 99 (21.1%) 102 (21.5%) 0.069

Lipid-lowering drugs, % 161 (34.5%) 158 (33.5%) 158 (33.7%) 162 (34.2%) 0.986
Diabetes, % 128 (27.5%) 133 (28.1%) 111 (23.7%) 148 (31.2%) 0.078

Coronary heart disease, % 30 (6.5%) 30 (6.4%) 39 (8.4%) 39 (8.3%) 0.468

Heart failure, % 32 (6.9%) 28 (5.9%) 33 (7.1%) 51 (10.8%) 0.027
HbA1C, % 5.9 ± 1.0 5.9 ± 1.0 5.8 ± 0.8 6.0 ± 1.2 0.087

Glucose, mmol/L 6.3 ± 2.0 6.3 ± 1.9 6.2 ± 1.8 6.8 ± 2.8 0.012

TC, mmol/L 5.3 ± 1.1 5.4 ± 1.1 5.4 ± 1.1 5.3 ± 1.1 0.066

TG, mmol/L 1.5 ± 0.9 1.5 ± 0.9 1.6 ± 0.8 1.6 ± 0.9 0.778

HDL-C, mmol/L 1.5 ± 0.5 1.5 ± 0.4 1.6 ± 0.5 1.5 ± 0.4 0.075
LDL-C, mmol/L 3.1 ± 0.9 3.1 ± 1.0 3.1 ± 1.0 2.9 ± 1.0 0.139

ALT, U/L 22.1 ± 12.9 21.3 ± 12.6 20.5 ± 15.9 20.2 ± 10.6 0.123

AST, U/L 26.0 ± 12.7 24.9 ± 12.4 24.5 ± 12.4 23.3 ± 7.2 0.004
HB, g/L 13.4 ± 1.3 13.6 ± 1.2 13.4 ± 1.3 13.2 ± 1.3 0.001

WBC, 109/L 7.5 ± 18.7 6.7 ± 1.8 7.1 ± 1.8 8.1 ± 2.3 0.108

NEUT, 109/L 3.1 ± 1.8 3.8 ± 1.1 4.4 ± 1.2 5.7 ± 1.7 <0.001
LYMPH, 109/L 3.6 ± 16.9 2.1 ± 0.7 1.9 ± 0.6 1.6 ± 0.6 0.001

PLT, 109/L 206.9 ± 56.1 239.9 ± 54.3 267.2 ± 57.5 290.8 ± 74.2 <0.001

CRP, mg/L 3.8 ± 6.6 4.6 ± 6.7 5.0 ± 6.4 9.1 ± 14.3 <0.001
eGFR, mL/min/1.73m2 76.6 ± 23.7 76.6 ± 24.5 76.0 ± 23.4 74.1 ± 26.7 0.383

SII index 261.4 ± 75.7 433.0 ± 44.9 617.9 ± 67.1 1107.3 ± 519.1 <0.001

Notes: Continuous values were expressed as survey-weighted mean or median, categorical variables were expressed as survey-weighted percentage. 
aWeighted to be nationally representative. Weighted percentage may not sum to 100% because of missing data. bIncluding American Indian/Alaska 
Native/Pacific Islander, Asian, and multiracial. 
Abbreviations: SII, systemic immune inflammation; BMI, body mass index; HbA1c, hemoglobin A1c; TC, total cholesterol; TG, triglycerides; LDL-C, 
low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; ALT, alanine transaminase; AST, aspartate transaminase; HB, hemoglo-
bin; WBC, white blood cell; NEUT, neutrophil; LYMPH, lymphocyte; PLT, platelet; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate.
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Incremental Predictive Values of the SII Index
Table 3 presents the impact of incorporating SII alongside traditional risk factors on the predictive power for all-cause 
mortality and CVD mortality. SII was introduced as a continuous variable, and it was natural log-transformed (ln- 
transformed) to address its skewed distribution. The C-statistic for all-cause mortality increased from 0.811 (95% CI: 
0.789–0.833) to 0.815 (95% CI: 0.792–0.837) after adding SII to the model, with a p-value of 0.21, indicating that the 
change was not statistically significant. Similarly, for CVD mortality, the C-statistic increased from 0.841 (95% CI: 
0.812–0.870) to 0.845 (95% CI: 0.816–0.874), with a p-value of 0.27, suggesting no significant improvement in 
discrimination. Furthermore, the IDI and NRI values for all-cause mortality were 0.4% and 2.7%, for CVD mortality 
were 0.2% and −0.3%, respectively.

Discussion
The prospective cohort analysis using linked mortality data from NHANES to investigate the specific relationship 
between SII levels and all-cause and CVD mortality in postmenopausal women. The main findings of this study are as 

Figure 2 The incidence of all-cause mortality (A) and CVD mortality (B) among the four groups.

Figure 3 Restricted spline curve for the association between SII with all-cause (A) and CVD mortality (B). Adjusted for survey cycle, age, race, education, smoking, BMI, 
hypertension, antihypertensive drugs, HB, LDL-C, HDL-C, and eGFR.
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follows: 1) Although the incidence of death was similar across low, medium, and high SII levels, patients with extremely 
high SII levels experienced significantly higher rates of all-cause and CVD mortality. 2) SII levels exhibited a nonlinear 
association with all-cause mortality but showed a positive association with CVD mortality. 3) Increased risks of all-cause 
and CVD mortality were observed exclusively at extremely high SII levels. 4) The addition of SII to traditional risk 

Table 2 Multivariable Cox Regression Analysis of the Association Between 
SII Levels and All-Cause and CVD Mortality

Model 1 Model 2 Model 3

HR (95% CI) HR (95% CI) HR (95% CI)

All-cause mortality
Ln SII index 1.27 (1.20, 1.35) 1.24 (1.17, 1.32) 1.22 (1.14, 1.29)

SII index group

Q1 (≤334.27) 1 [Reference] 1 [Reference] 1 [Reference]
Q2 (334.27–470.33) 0.94 (0.85, 1.04) 0.94 (0.84, 1.04) 0.96 (0.87, 1.07)

Q3 (470.33–669.36) 0.98 (0.89, 1.08) 0.97 (0.87, 1.07) 0.97 (0.88, 1.08)

Q4 (>669.36) 1.34 (1.22, 1.47) 1.29 (1.17, 1.42) 1.28 (1.16, 1.41)
P for trend <0.001 <0.001 <0.001

CVD mortality
Ln SII index 1.29 (1.16, 1.44) 1.31 (1.17, 1.47) 1.28 (1.14, 1.44)
SII index group

Q1 (≤334.27) 1 [Reference] 1 [Reference] 1 [Reference]

Q2 (334.27–470.33) 1.01 (0.84, 1.21) 0.99 (0.82, 1.20) 1.02 (0.83, 1.24)
Q3 (470.33–669.36) 1.10 (0.91, 1.31) 1.10 (0.91, 1.33) 1.11 (0.92, 1.34)

Q4 (>669.36) 1.31 (1.10, 1.55) 1.32 (1.10, 1.58) 1.32 (1.10, 1.58)

P for trend <0.001 <0.001 0.001

Notes: Model 1: adjusted for survey cycle, age. Model 2: adjusted for survey cycle, age, race, 
education, smoking, and BMI. LDL-C, eGFR, CHD, haemoglobin, and albumin. Model 3: adjusted 
for survey cycle, age, race, education, smoking, BMI, hypertension, antihypertensive drugs, HB, 
LDL-C, HDL-C, and eGFR. 
Abbreviations: SII, systemic immune inflammation; CVD, cardiovascular disease; HR, hazard 
ratio; CI, confidence interval.

Figure 4 Kaplan-Meier curves according to quartiles of SII levels. Cumulative hazard of all-cause mortality for quartiles of SII (A), cumulative hazard of CVD mortality (B).
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factors did not significantly improve mortality risk prediction for either all-cause or CVD mortality, as indicated by the 
lack of significant change in C-statistics and other model performance metrics.

Previous studies have linked elevated SII with poorer survival in cancer populations, showing its association with 
increased all-cause mortality in gastric,32 urinary,33 and breast cancer patients.34 However, recent research highlights the 
importance of SII in non-cancer populations as well. In some NHANES-based studies, higher SII levels were signifi-
cantly associated with increased all-cause mortality and CVD mortality in individuals with hyperuricemia,35 chronic 
kidney disease,36 diabetes,37 and rheumatoid arthritis.38 However, there is a paucity of research exploring the relationship 
between SII and mortality risk in postmenopausal women. Additionally, most prior studies used binary analyses to 
compare high vs low SII levels, rather than exploring a more detailed categorization of SII. Our study adds to the 
literature by examining SII across quartiles, which provides a more nuanced understanding of its relationship with 
mortality, particularly in postmenopausal women-a group uniquely at risk due to the effects of estrogen decline on 
inflammation and cardiovascular health. Our study found that extremely high SII levels are significantly associated with 
increased risks of all-cause mortality and cardiovascular mortality in postmenopausal women. This finding aligns with 
previous research, such as Yang et al reported a correlation between elevated SII levels and adverse outcomes in patients 
with coronary artery disease.18 Additionally, Zhong et al demonstrated in a systematic review of solid tumor patients that 
SII serves as a critical prognostic indicator.19 These studies reinforce the clinical utility of SII as a comprehensive tool for 
assessing inflammation and immune status, particularly in high-risk populations.

Postmenopausal women experience significant hormonal changes, primarily characterized by a reduction in estrogen 
levels, which contributes to several distinct physiological differences compared to the general population, including pre-
menopausal women and men.23 Estrogen plays an essential role in modulating inflammation, lipid metabolism, and glucose 
homeostasis.24 Following menopause, the reduction in estrogen leads to increased systemic inflammation, as evidenced by 
elevated markers such as C-reactive protein and the SII index. Consequently, postmenopausal women generally have higher 
levels of systemic inflammation compared to their premenopausal counterparts and other populations. In addition, post-
menopausal women are at an increased risk of developing metabolic comorbidities, including obesity, metabolic syndrome, 
hypertension, diabetes, and CVD.25 This elevated risk is largely attributable to changes in body composition, insulin 
resistance, and increased inflammatory response following menopause. The loss of estrogen’s cardioprotective effects also 
places postmenopausal women at a higher risk for cardiovascular conditions compared to premenopausal women.26 These 
factors collectively make postmenopausal women a particularly vulnerable group, underscoring the importance of studying 
systemic inflammation and its implications for health outcomes in this population.

In our analysis, we observed a non-linear relationship between SII levels and all-cause mortality. Specifically, while 
moderately elevated SII levels did not significantly increase mortality risk, individuals with extremely high SII levels 
experienced a marked rise in all-cause mortality. This non-linear association suggests that inflammation, as represented 
by SII, may need to surpass a certain threshold before significantly impacting overall mortality risk. In other words, 
a mild to moderate increase in inflammation might not be sufficient to substantially worsen health outcomes, whereas 

Table 3 Improvements in Discrimination and Calibration for Mortality Risk Prediction by Adding SII to Traditional Risk 
Factors

C-Statistic IDI (%) NRI (%)

Estimate (95% CI) P value Estimate (95% CI) P value Estimate (95% CI) P value

All-cause mortality
Traditional risk factors* 0.811 (0.801, 0.821) Ref. Ref.

Traditional risk factors + SII 0.815 (0.804, 0.825) 0.21 0.4 (0.2, 0.5) <0.001 2.7 (−4.7, 8.4) 0.452

CVD mortality
Traditional risk factors* 0.841 (0.824, 0.859) Ref. Ref.

Traditional risk factors + SII 0.845 (0.827, 0.862) 0.27 0.2 (0.1, 0.5) 0.027 −0.3 (−9.3, 9.7) 0.917

Note: *Established traditional risk factors include age, race, BMI, diabetes, coronary heart disease, LDL-C, CRP, and eGFR. 
Abbreviations: SII, systemic immune inflammation; C-index, concordance index; NRI, net reclassification improvement; IDI, integrated discrimination 
improvement.
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extremely high inflammation could trigger detrimental processes that lead to increased mortality. For CVD mortality, the 
association was positive and linear, indicating that increasing SII levels are directly associated with higher CVD 
mortality risk without a clear threshold effect. This finding suggests that inflammation has a more consistent impact 
on cardiovascular outcomes, possibly due to its role in the development and progression of atherosclerosis and other 
cardiovascular pathologies.27

Of note, we observed that the IDI for CVD mortality was 0.2%, whereas the NRI was −0.3%, indicating a slight 
negative impact on the reclassification of individuals’ CVD mortality risk when adding SII to the model. This finding 
suggests that incorporating SII alongside traditional risk factors may have led to some misclassification, thereby limiting 
its utility as an independent prognostic marker for CVD mortality in this population. It is possible that, while SII captures 
aspects of systemic inflammation, it may not adequately differentiate risk levels for CVD mortality, particularly in 
postmenopausal women with diverse cardiovascular risk profiles. This result emphasizes the need for further research to 
validate the prognostic value of SII and to explore whether additional markers or refined risk models might better classify 
CVD risk. Moreover, it underscores the importance of using SII as part of a more comprehensive risk assessment rather 
than relying on it as a standalone marker for CVD mortality.

The observation in our study can be attributed to several factors. This persistent inflammatory state can contribute to 
endothelial dysfunction, oxidative stress, and IR, all of which are associated with an increased risk of cardiovascular events 
and mortality.39 The presence of extremely high SII levels may further exacerbate the inflammatory process and accelerate the 
progression of atherosclerosis, leading to an increased risk of cardiovascular events and mortality.40,41 Increased levels of 
circulating pro-inflammatory cytokines and chemokines can promote platelet aggregation and thrombus formation, potentially 
leading to cardiovascular events, such as myocardial infarction or stroke.42 Persistent systemic inflammation, indicated by 
extremely high SII levels, can further impair glucose control in diabetic individuals. Inflammatory cytokines can disrupt 
insulin signaling pathways, leading to IR and poor glycemic control.43 This, in turn, can increase the risk of cardiovascular 
events and mortality. Chronic systemic inflammation, driven by extremely high SII levels, may contribute to multi-organ 
damage and dysfunction in diabetic individuals.44 Inflammation-mediated damage to vital organs, including the heart, 
kidneys, and blood vessels, can contribute to increased mortality risk.45 The cumulative effect of inflammation on multiple 
organ systems may exacerbate the overall disease burden and increase the risk of adverse outcomes.

The SII was calculated from platelet, neutrophil, and lymphocyte counts, reflects the body’s inflammatory and 
immune status. Inflammation plays a pivotal role in the development and progression of cardiovascular diseases.27 In 
postmenopausal women, the decline in estrogen levels heightens inflammatory responses, as evidenced by elevated 
markers such as C-reactive protein and SII.46,47 Estrogen modulates inflammation by inhibiting signaling pathways such 
as NF-κB and MAPK.24 Consequently, the loss of estrogen post-menopause may exacerbate inflammation via these 
pathways, increasing the risk of cardiovascular events and mortality. Moreover, extremely high SII levels may elevate 
mortality risk by promoting atherosclerosis, thrombosis, and endothelial dysfunction.40,41 For instance, interactions 
between neutrophils and platelets during inflammation facilitate thrombus formation and vascular damage.42 In post-
menopausal women, inflammation is further linked to heightened risks of insulin resistance and metabolic syndrome, 
amplifying the burden of cardiovascular disease.43,44

Additionally, we found that incorporating SII into models alongside traditional risk factors (such as age, BMI, 
diabete, etc) slightly improved the predictive ability for both all-cause and CVD mortality, as reflected by a small 
increase in the C-statistic for both outcomes (from 0.811 to 0.815 for all-cause mortality, and from 0.841 to 0.845 for 
CVD mortality). The IDI further demonstrated modest gains in risk prediction when SII was added to the models. These 
findings suggest that while the SII can enhance mortality risk prediction beyond traditional factors, its additive value 
remains limited. One possible explanation is that traditional risk factors, such as age and pre-existing cardiovascular 
conditions, may already capture much of the risk in postmenopausal women, leaving limited room for additional 
improvements from inflammatory markers like SII.28 However, the association between extremely high SII levels and 
increased mortality risk suggests that SII could be useful for identifying a high-risk subset of patients who may not be 
fully captured by traditional risk factors alone. Further research is needed to explore whether SII could be integrated into 
clinical practice for more precise risk stratification, especially in populations with elevated inflammatory responses.
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Although our results offer valuable insights, it is crucial to acknowledge various limitations when interpreting the 
findings. Firstly, although NHANES is a nationally representative cohort for the US, it may not fully capture the broader 
global population of postmenopausal women, especially those from different ethnic and socioeconomic backgrounds. 
Second, the measurement and calculation of SII may exhibit variations across studies, potentially leading to incon-
sistencies and impeding comparability among diverse research findings. Third, while SII serves as a convenient and 
accessible biomarker for systemic inflammation, it is limited in its scope as it only considers three blood components. To 
better understand the immune response and inflammation in postmenopausal women, additional biomarkers could be 
incorporated, including C-reactive protein,48 interleukin-6,49 tumor necrosis factor-alpha (TNF-α),50 and fibrinogen.51 

Future studies may benefit from evaluating the combined prognostic value of SII alongside other inflammatory markers 
to improve risk stratification and prediction of adverse health outcomes. Fourth, this study may suffer from selection bias 
or attrition bias. Excluded participants or those lost to follow-up may exhibit distinct characteristics or experience varied 
health outcomes, thereby influencing the validity and generalizability of the findings. Fifth, We acknowledge that the 
levels of neutrophils and lymphocytes can indeed fluctuate over time due to acute conditions or temporary physiological 
changes. However, the SII, when measured in a stable, non-acute setting, can still provide valuable insights into an 
individual’s chronic inflammatory status.52 While a single SII measurement may not capture temporal fluctuations, it can 
serve as a useful proxy for chronic systemic inflammation, especially when measured in a non-acute phase. In our study, 
SII levels were measured during routine health assessments, which helped mitigate the effect of short-term variability and 
emphasized chronic inflammation. Finally, although our study considers known confounders during the analysis, it is 
important to recognize that complete elimination of residual confounding is not possible. These include dietary factors, 
physical activity, psychosocial stress, and hormone replacement therapy.53–56 Further research is warranted to enhance 
our understanding of the relationship between SII and mortality outcomes in this population. This should involve the 
implementation of randomized controlled trials and comprehensive studies that consider potential confounding factors.

Conclusion
In a sample of US postmenopausal women, a non-linear relationship existed between SII levels and the risk of all-cause 
mortality, as well as a positive association with the risk of CVD mortality. Significantly higher risks for all-cause and CVD 
mortality were observed only in individuals with extremely high SII levels. The identification of an increased mortality risk at 
extremely high SII levels highlights the potential for targeted therapeutic interventions to mitigate these adverse outcomes.
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