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Background: Chronic low-grade inflammation is recognized as a significant
factor in various health outcomes, including the development and progression of
breast cancer. The Systemic Immune-Inflammation Index (SIl), a novel marker
derived from routine blood counts, has been suggested as a predictor of all-
cause mortality and cardiovascular mortality. However, its predictive value in a
nationwide representative population, particularly for breast cancer incidence
and mortality, is not well-established.

Methods: This study aimed to assess the association of Sll and the risk of breast
cancer incidence and all-cause mortality in breast cancer patients within the National
Health and Nutrition Examination Survey (NHANES) from 1999 to 2018. SII was
calculated from complete blood count parameters. We used multifactor regression
models to examine the associations between Sl and the outcomes of interest.

Results: A total of 21,058 female participants were included in the study, of which 557
(2.7%) were identified as having breast cancer. After adjusting for multiple potential
confounders, the relationship between Sl and the incidence of breast cancer
revealed an inverse L-shaped association. The optimal inflection point for SII/100
was determined to be 5.09. Below this threshold, there was a significant increase in
the risk of breast cancer (OR=1.05, 95% CI: 1.02-1.09). Within the breast cancer
population, SIl exhibited a J-shaped relationship with all-cause mortality. The optimal
inflection point for SII/100 in this context was 5.22, and above this threshold, there
was a marked escalation in all-cause mortality (HR=1.09, 95% Cl: 1.04-1.14).

Conclusion: The Sll, as a novel inflammatory composite index, is significantly
associated with the risk of breast cancer incidence and all-cause mortality in
breast cancer patients. These findings highlight the importance of monitoring
systemic inflammation and suggest that SIl could serve as a valuable
prognostic tool.

systemic immune-inflammation index, breast cancer, all-cause mortality, nonlinear
relationship, nhaens
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Introduction

Breast cancer, a leading cause of cancer-related mortality
among women worldwide, poses significant public health
challenges with its incidence and mortality rates (1). This
malignancy is characterized by a complex interplay of genetic,
hormonal, and environmental factors that contribute to its
development and progression (2, 3). The ability to predict
incidence and prognosis at an early stage could lead to more
precise treatment strategies and ultimately improve overall
outcomes. Among the various factors implicated in breast cancer,
inflammation has emerged as a key player in tumorigenesis (4, 5).

In the realm of cancer research, the role of immuno-
inflammatory cells in tumorigenesis and progression is
increasingly recognized (6, 7). The systemic immune-
inflammation index (SII), a novel inflammatory marker, has been
associated with poor prognosis in various cancers, including breast
cancer (8-10). The SII, derived from the peripheral blood count of
neutrophils, lymphocytes, and platelets, provides a comprehensive
assessment of the inflammatory and immune status (11). It has been
shown to correlate with tumor stage, grade, and response to
treatment in breast cancer patients (12-14). The index offers a
non-invasive and cost-effective means of reflecting the tumor’s
microenvironmental immune-inflammatory state (15).

Recent studies have suggested that elevated SII values are
associated with higher tumor stage, triple-negative breast cancer,
and poorer responses to chemotherapy, indicating a significant
correlation between SII and breast cancer clinicopathological
characteristics (16, 17). Moreover, research has demonstrated that
a high SII may predict poor survival in patients with breast cancer,
particularly in those with hormone receptor-negative and HER2-
positive disease (18). Despite the growing interest in SII, there is a
paucity of literature focusing on its relationship with breast cancer
incidence and the prediction of long-term mortality rates remains
an enigma.

In this study, we aim to investigate the relationship between SII
and the risk of breast cancer, as well as its association with mortality
rates among women diagnosed with breast cancer. By leveraging the
extensive data from the National Health and Nutrition Examination
Survey (NHANES) from 1999 to 2018, we hope to contribute to the
understanding of the role of systemic inflammation in breast cancer
and identify potential prognostic factors that could inform clinical
practice and public health strategies aimed at mitigating the impact
of this disease.

Methods
Data selection and study design
We extracted data from the National Health and Nutrition

Examination Survey (NHANES, https://www.cdc.gov/nchs/nhanes/
index.htm) database, which annually surveys a representative

Frontiers in Immunology

10.3389/fimmu.2025.1528690

sample of approximately 5,000 individuals nationwide. The
database encompasses a comprehensive range of information,
including demographics, dietary habits, examination results,
laboratory measurements, questionnaire responses, and limited
access data. NHANES has been conducted over ten cycles from
1999 to 2018. This study was approved by the National Center for
Health Statistics Research Ethics Review Board, and all participants
provided written informed consent. Our study excluded the
following (1): individuals under 18 years of age (2); pregnant
women (3); participants with a history of other types of cancer
(4); those with missing data on breast cancer diagnosis (5);
individuals lacking data on platelet, neutrophil, and lymphocyte
counts. After applying these exclusions, a total of 20,501
participants were included in the study (Figure 1). The objective
of this investigation is to explore the correlation between the SII and
the risk of developing breast cancer, as well as its link to all-cause
mortality in women with breast cancer.

Definition of Sll and breast cancer

Complete blood count (CBC) parameters were derived using
the Beckman Coulter methodology, which involves counting and
sizing blood cells with an automatic dilution and mixing device,
followed by hemoglobinometry using a single-beam photometer.
The white blood cell differential was assessed using VCS technology.
The Beckman Coulter DxH 800 instrument, located in the
NHANES mobile examination center (MEC), generates a CBC for
each participant, providing a detailed distribution of blood cells.
The SII was calculated using the formula: platelet count x
neutrophil count/lymphocyte count. To facilitate analysis, SII
values were standardized by dividing by 100, accounting for the
typically high values of these inflammatory markers.

Breast cancer cases were identified through participant
responses to the question, “What kind of cancer do you have?”
which allowed us to categorize individuals into breast cancer and
non-breast cancer groups. All relevant data are accessible on the
website of the Centers for Disease Control and Prevention.

Assessment of mortality

Mortality data for our study were sourced from the National Death
Index (NDI) death certificate records, as provided by the National
Center for Health Statistics (NCHS), with updates through December
31, 2019. The study’s endpoints encompassed all-cause mortality.
Causes of death were classified according to the International
Statistical Classification of Diseases, 10th Revision (ICD-10). All-
cause mortality was defined as death from any cause, including but
not limited to heart disease (ICD-10 codes 054-068), malignant
neoplasms (ICD-10 codes 019-043), accidents (unintentional
injuries, ICD-10 codes 112-123), cerebrovascular diseases (ICD-10
code 070), diabetes mellitus (ICD-10 code 046), and other specified
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Female Participants from NHANES 1999-2018
N=51423
Female Participants with breast cancer or not
N =28572
Missing data:
« SII(N=2861)
* BMI (N =471)
* Marital status (N = 242)
* PIR (N=1756)
¢ Drinking (N=2278)
* Smoking (N=59)
* Diabetes (N=404)
Remaining participants
N =20501
Two independent t-test; multifactor regression analysis models;
Kruskal-Wallis test; y2 test Restricted cubic spline; Subgroup analysis
Analyzing characteristic of participants according to Exploring the association between SII and breast
breast cancer status cancer Risk and all-cause mortality
FIGURE 1

Study flowchart.

causes. Follow-up duration was calculated from the baseline interview
date until the date of death or December 31, 2019, whichever came first.

Covariates

Age was determined by calculating the difference between the
interview date and the participant’s date of birth. Race and ethnicity
were assessed using two questions (1): “Do you consider yourself
Hispanic, Latino, or Spanish?” and (2) “What is your race?”
Responses to these questions allowed NHANES staff to categorize
participants into five racial/ethnic groups: Mexican American,
Other Hispanic, Non-Hispanic White, Non-Hispanic Black, and
Other Race. Education level was categorized based on the question,
“What is the highest grade or level of school you have completed or
the highest degree you have received?” which resulted in three
groups: less than high school, high school graduate, and some
college or associate degree or higher. Marital status was classified as
married, never married, or other. The poverty income ratio (PIR) is
the ratio of the family’s self-reported income to the poverty
threshold for their family size. Body mass index (BMI) was
calculated as weight in kilograms divided by the square of height
in meters (kg/mA2). Two BMI categories were used: <25 and =25
kg/mA2, indicating underweight/normal weight and overweight/
obesity, respectively. Smoking and alcohol consumption were
dichotomized into yes or no categories. Diabetes was identified
based on a documented medical history in the participants’ records.

Frontiers in Immunology 03

Statistical analysis

The significance level for all tests was set at P<0.05. All analyses
were conducted using R version 3.4.3 and Empower(R) version 4.2
software. Descriptive statistics were used to summarize the data, with
means and standard deviations (SDs) presented for continuous
variables with a normal distribution, medians and interquartile
ranges (IQRs) for non-normally distributed continuous variables,
and proportions for categorical variables. Differences in continuous
variables between groups were assessed using Student’s t-test, while
categorical variables were compared using the %2 test. Prior to
modeling, variance inflation factors were calculated to detect
potential multicollinearity (19). A multivariate logistic regression
model was employed to determine the odds ratios (ORs) and 95%
confidence intervals (95% CIs) for the association between SII and
breast cancer. Similarly, a multivariate Cox regression model was
utilized to estimate the relationship between SII and all-cause
mortality among breast cancer patients. Three models were adjusted
for covariates as follows: Model 1 was unadjusted; Model 2 was
adjusted for age and race; Model 3 included the adjustments of Model
2 plus PIR, education, marital status, BMI, smoking, alcohol
consumption, and diabetes. Kaplan-Meier (KM) survival curves
were constructed to plot the survival probabilities over time,
comparing breast cancer patients with non-breast cancer
individuals, based on the duration from the baseline interview to the
date of death or the end of follow-up. The log-rank test was employed
to statistically evaluate the differences in survival distributions between
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the two groups. Additionally, we incorporated restricted cubic splines
(RCS) with four knots in both logistic and Cox regression models to
model the dose-response relationship between SII and the outcomes.
When nonlinear relationships were detected, recursive algorithms
were used to identify potential inflection points, and segmented
regressions were applied to assess the hazard ratios (HRs) associated
with SII before and after these points. Stratified analyses were
conducted based on SII, stratified by age (less than 60 or 60 years or
older), BMI (less than 25 or 25 kg/mA2 or greater), alcohol
consumption (yes or no), smoking status (yes or no), and diabetes
(yes or no). Multiplicative interaction terms were included to assess
whether the relationship between SII and breast cancer risk was
modified by the aforementioned factors.

Results
Participant characteristics

A total 0f 20,501 female participants were included in the study,
of which 557 (2.7%) were identified as having breast cancer. Table 1
summarizes the baseline characteristics of the participants
categorized by breast cancer status. The group with breast cancer
was older, had a higher proportion of Non-Hispanic White
individuals, fewer never-married individuals, a higher PIR, a
greater prevalence of smoking, a lower prevalence of alcohol
consumption, and a lower prevalence of diabetes.

Association of the Sll with breast cancer
risk and all-cause mortality

Prior to constructing the multivariable logistic regression
analysis, we examined the collinearity between the SII and other
covariates. The results indicated that the VIF for all covariates
included in this study was less than 5, suggesting that there is no
collinearity between the SII and the other covariates
(Supplementary Table 1).

After confirming the absence of collinearity, we proceeded to
analyze the associations between SII and breast cancer outcomes.
Table 2 presents the associations between the SII and the risk of
breast cancer, as well as all-cause mortality among breast cancer
patients. In the fully adjusted model, we observed a significant
association between elevated SII levels and an increased risk of
breast cancer. Specifically, for every 100-unit increase in SII, the
odds of breast cancer were significantly higher (OR = 1.02, 95% CI:
1.00, 1.04). When SIT was categorized into quartiles, the highest
quartile showed a robust association with breast cancer risk
compared to the lowest quartile, with an adjusted odds ratio of
1.46 (95% CI: 1.14, 1.86, P < 0.01).

The KM survival analysis showed a significantly lower survival
rate in the breast cancer group compared to the non-breast cancer
group during the follow-up period (P<0.01, Supplementary
Figure 1). These findings highlight the substantial impact of
breast cancer on survival outcomes. Therefore, in addition to
examining the relationship between the SII and the risk of breast
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cancer, we also analyzed the relationship between SII and the
prognosis of breast cancer patients, which has significant
implications for their prognosis. In the multivariable Cox
regression analysis, a clear association was observed between all-
cause mortality and SII in breast cancer patients. The hazard ratio
for all-cause mortality associated with a 100-unit increase in SII was
1.07 (95% CI: 1.03, 1.11, P < 0.01) in the fully adjusted model. This
indicates that for every 100-unit increase in SII, there was a 7%
increase in the risk of all-cause mortality. Similar to the risk of
breast cancer, the highest quartile of SII was associated with a
significantly increased risk of all-cause mortality compared to the
lowest quartile, with a hazard ratio of 1.41 (95% CI: 1.10, 2.27, P =
0.03) in the fully adjusted model.

Non-linear relationship of Sl with breast
cancer risk and all-cause mortality in
breast cancer patients

The non-linear associations between the SII and the risk of
breast cancer, as well as all-cause mortality in breast cancer patients,
were investigated using RCS models. The RCS analysis revealed an
inverse L-shaped association between SII and the risk of breast
cancer, with an inflection point at 5.09 for SII/100 (Figure 2A).
Below this inflection point, there was a significant increase in the
risk of breast cancer with an adjusted OR of 1.05 (95% CI: 1.02, 1.09,
Table 3). Above the inflection point, there was no significant
association, with an OR of 0.99 (95% CI: 0.94, 1.03, Table 3). In
contrast, SII exhibited a J-shaped relationship with all-cause
mortality in breast cancer patients, with the inflection point
established at 5.22 for SII/100 (Figure 2B). SII values beneath this
inflection point were not significantly linked to mortality, yielding
an adjusted hazard ratio (HR) of 0.93 (95% CI: 0.78, 1.10, Table 3).
However, for SII values surpassing the inflection point, there was an
increase in all-cause mortality, with an HR of 1.09 (95% CI: 1.04,
1.14, Table 3). These findings underscore the complex, non-linear
dynamics of SII in relation to breast cancer outcomes.

Subgroup analysis

As shown in Figure 3, the results of the subgroup analyses by age,
BMI, drinking status, smoking status, and diabetes status indicate that
in individuals aged 60 or older, drinkers, and those without diabetes,
SII shows a more pronounced positive correlation with breast cancer
(P<0.05). Additionally, no significant interactions were found
between SII and these stratification variables.

Discussion

In our large-scale study involving 20,501 female participants
aged 18 years or older, we identified non-linear relationships
between the SII and significant prognostic factors of breast
cancer, including the risk of developing the disease and all-cause
mortality among affected patients. The breast cancer risk exhibited
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TABLE 1 Baseline characteristics of the participants with and without breast cancer.

Non-Breast cancer (N=19944) Breast cancer (N=557) P-value
Age (Years) 47.00 (33.00-63.00) 69.00 (60.00-77.00) <0.01
BMI (kg/m2) 28.20 (24.01-33.44) 27.61 (24.14-32.50) 0.07
Race (%) <0.01
Mexican American 3495 (17.52%) 48 (8.62%)
Other Hispanic 1664 (8.34%) 27 (4.85%)
Non-Hispanic White 9116 (45.71%) 362 (64.99%)
Non-Hispanic Black 3976 (19.94%) 85 (15.26%)
Others 1693 (8.49%) 35 (6.28%)
Marital status (%) <0.01
Married 9758 (48.93%) 263 (47.22%)
Never married 3273 (16.41%) 29 (5.21%)
Others 6913 (34.66%) 265 (47.58%)
Education (%) 0.29
Less than high school 4826 (24.20%) 122 (21.90%)
High school or equivalent 4469 (22.41%) 123 (22.08%)
College or above 10649 (53.39%) 312 (56.01%)
PIR (%) <0.01
<1 4240 (21.26%) 83 (14.90%)
>1, <3 8395 (42.09%) 239 (42.91%)
>3 7309 (36.65%) 235 (42.19%)
Smoking status (%) <0.01
Never 12568 (63.02%) 324 (58.17%)
Now 3531 (17.70%) 61 (10.95%)
Former 3845 (19.28%) 172 (30.88%)
Drinking (%) <0.01
Never 7475 (37.48%) 244 (43.81%)
Every day or nearly every day 3456 (17.33%) 93 (16.70%)
3 to 4 times a week 2852 (14.30%) 56 (10.05%)
1 to 2 times a week 4431 (22.22%) 116 (20.83%)
Less than once a week 1730 (8.67%) 48 (8.62%)
Diabetes (%) <0.01
Yes 17364 (87.06%) 432 (77.56%)
No 2580 (12.94%) 125 (22.44%)

Data were presented as median (Interquartile range) or n (%).
TyG, Triglyceride-glucose index; BMI, Body Mass Index; PIR, Poverty Impact Ratio.

an inverse L-shaped relationship, while all-cause mortality
demonstrated a J-shaped relationship with SII. These associations
were consistent across various subgroups, suggesting a clinical
potential for SII in the prediction of breast cancer risk
and prognosis.

Frontiers in Immunology

The SII has been gaining attention as an inflammatory marker
with prognostic capabilities across various diseases, including
cancer (20-22). When compared with other inflammation
indices, SIT demonstrates a distinct advantage in its predictive
power. SIT has been found to be a stronger independent predictor
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TABLE 2 Association of the Sll with breast cancer risk and all-

cause mortality.

Exposure Non-adjusted Adjust |

Breast cancer

Adjust Il

SI1/100

Q1

Q2

Q3

Q4

P for trend

1.02 (1.00, 1.04)
0.02

1.0

1.08 (0.85, 1.38)
0.52

0.94 (0.73, 1.21)
0.65

1.32 (1.04, 1.66)
0.02

0.04

1.02 (1.00, 1.04)
0.03

1.0

1.13 (0.88, 1.45)
0.33

1.01 (0.78, 1.30)
0.96

1.42 (1.12, 1.82)
<0.01

0.01

All-cause mortality in breast cancer

SIT

Q1

Q2

Q3

Q4

P for trend

1.08 (1.04, 1.11)
<0.01

1.0

1.11 (0.68, 1.80)
0.69

1.15 (0.71, 1.88)
0.57

1.73 (1.12, 2.68)
0.01

0.04

1.06 (1.02, 1.10)
<0.01

1.0

1.25 (0.77, 2.05)
0.37

0.91 (0.56, 1.50)
0.72

1.47 (1.08, 2.29)
0.03

0.01

1.02 (1.00, 1.04)
0.02

1.0

1.13 (0.88, 1.45)
0.33

1.00 (0.78, 1.30)
0.97

1.46 (1.14, 1.86)
<0.01

<0.01

1.07 (1.03, 1.11)
<0.01

1.0

1.14 (0.68, 1.90)
0.62

0.89 (0.53, 1.50)
0.66

1.41 (1.10, 2.27)
0.03

<0.01

Non-adjusted model adjust for: None.
Adjust I model adjust for: Age; Race.

Adjust II model adjust for: Age; BMI; Race; Marital status; Education; PIR; Smoking status;

Drinking; Diabetes.

compared to other markers such as the neutrophil-to-lymphocyte
ratio (NLR) and platelet-to-lymphocyte ratio (PLR) (23). In a study
investigating the correlation between SII and the degree of coronary
artery stenosis in patients with coronary heart disease, SII emerged

OR (95%Cl) for Breast Cancer

FIGURE 2
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as the most potent independent predictor (24). This suggests that
SII may be more sensitive in reflecting the inflammatory state
associated with disease severity and prognosis. As a composite of
neutrophil, lymphocyte, and platelet counts, SII provides an
objective reflection of the body’s inflammatory state. Despite its
established predictive power in multiple disease contexts, the
application of SII in oncology, particularly in breast cancer
prognosis, remains less explored compared to other inflammatory
indices. This gap is notable as SIT’s ability to reflect the balance
between inflammation and immune function positions it as a
potentially valuable biomarker in cancer management.

Our study, which may be the first to focus on the inverse L-
shaped relationship between the SII and the risk of breast cancer,
included adult participants from the NHANES database spanning
from 1999 to 2018. This indicates that as SII increases, particularly
below the established threshold, there is a significant elevation in
the risk of breast cancer, suggesting the presence of a pro-
inflammatory environment that may promote tumorigenesis and
development. The potential mechanisms are likely multifactorial.
SII, as an indicator of systemic inflammation, reflects the balance
between pro-inflammatory neutrophils and anti-inflammatory
lymphocytes, as well as platelet activity, which is known to be
involved in cancer progression. Elevated neutrophils can contribute
to the release of cytokines that stimulate angiogenesis and tumor
growth, while a reduction in lymphocytes may signify an impaired
immune surveillance, allowing for uncontrolled tumor expansion.
Additionally, platelets not only play a role in clotting but also release
factors that can enhance tumor cell adhesion, migration, and
invasion. The observed relationship may thus be a result of these
complex interactions within the tumor microenvironment, which
are influenced by systemic inflammatory processes.

In the NHANES database, due to the limited number of breast
cancer cases, which only numbered 557, we were able to analyze the
prognosis of all-cause mortality. The results revealed a J-shaped
relationship between SII and all-cause mortality, indicating that the
risk of death escalates when SII surpasses this threshold. This

w

HR (95%Cl) for All-cause Mortality

0 10

slir100

si1100

Restricted cubic spline curve for the association of Sl with breast cancer risk and all-cause mortality. (A) Association between Sl and the risk of
breast cancer. (B) Association between Sll and the all-cause mortality in breast cancer.
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TABLE 3 Threshold effect analysis of SIl on breast cancer risk and all-
cause mortality.

Breast Cancer All-cause mortality

Inflection point 5.09 5.22

1.05 (1.02, 1.09) 0.93 (0.78, 1.10)

< Inflection point
<0.01 0.39

0.99 (0.94, 1.03) 1.09 (1.04, 1.14)

> Inflection point
0.53 <0.01

P for Log-likelihood ratio 0.03 0.02

Adjust for age, BMI, race, marital status, education, PIR, smoking status, drinking
and diabetes.

suggests a potential limit to the immune system’s capacity to control
disease progression at elevated SII levels. This is consistent with
recent studies that have highlighted the prognostic significance of
SII in various cancers (25-27).

The mechanisms underlying the association between the SII and
all-cause mortality in breast cancer patients are not fully understood.
However, emerging evidence points to several potential pathways. SII,
which encompasses neutrophil, lymphocyte, and platelet counts,
reflects the complex interplay between inflammation and immune
response in cancer progression. Neutrophils not only alter the tumor
microenvironment by promoting tumor cell proliferation, invasion,
and metastasis through the extrinsic pathway but also secrete
inflammatory mediators that can drive cellular senescence via the
intrinsic pathway (28, 29). This dual role of neutrophils suggests that
they may contribute to both the spread and the resistance of tumor
cells to apoptosis, thereby influencing mortality in breast cancer
patients (30). Platelets have been shown to activate and act as
chemoattractants for cancer cells, creating favorable conditions for
metastatic foci and promoting the epithelial-to-mesenchymal

Subgroups OR (95%CI) P value P for interaction
Age 0.67
<60 1.01 (0.96, 1.06)  0.82 3
>60 1.03 (1.01, 1.05) <0.01 "
BMI 0.82
<25 1.02 (0.99, 1.06) 0.18 =
>25 1.02 (1.00, 1.04) 0.08 -
Drinking 0.32
Yes 1.04 (1.01, 1.07) 0.02 -
No 1.01 (0.99, 1.04) 0.33 P
Smoking 0.72
Yes 1.03 (1.00, 1.05) 0.07 =
No 1.02 (0.99, 1.05) 0.19 -
Diabetes 0.31
Yes 1.00 (0.96, 1.05) 0.91
No 1.03 (1.01, 1.05) 0.01 -
| R |
0.8 1 12
FIGURE 3

Forest plot for subgroup analysis of associations between Sll and the
risk of breast cancer.
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transition in tumor cells, which is crucial for metastasis (31, 32).
Platelets can increase the level of circulating tumor cells, further
facilitating the spread of cancer (33). Lymphopenia may aid tumor
cells in evading immune surveillance and protect them from damage
by cytotoxic T cells, thereby potentially promoting tumor progression
and reducing survival (34). This suggests that the balance of immune
cells, as reflected by SII, is critical in the immune response to
breast cancer.

The present study boasts several significant advantages that
contribute to its reliability and impact. Firstly, the study benefits
from the large sample size and complex, multi-stage probability
sampling design inherent in the NHANES database, which provides
a robust platform for deriving reliable conclusions with strong
statistical power. Secondly, by controlling for numerous known risk
factors, we have effectively mitigated potential confounding variables
in our analysis of the novel inflammatory index, SII, in relation to
breast cancer risk. Lastly, this study is pioneering in revealing the non-
linear relationship between SII and the incidence of breast cancer. Our
findings offer novel insights that could significantly influence clinical
practice and shape future research directions. The identification of an
inverse L-shaped relationship between SII and breast cancer risk is a
discovery that adds a new dimension to our understanding of systemic
inflammation in cancer. Despite these strengths, our study is not
without limitations. Firstly, the sample size of individuals with breast
cancer within the NHANES database is relatively small, which may
limit the generalizability of our results to other populations with
different demographic characteristics. Secondly, the NHANES
database lacks detailed clinical and pathological information for
individual cancer cases, such as tumor stage, grade, and specific
treatments received. This omission precludes a more nuanced
analysis of how these factors may interact with SII levels and
influence survival outcomes. Thirdly, the cross-sectional design of
the NHANES data restricts our ability to establish causality between
SII levels and breast cancer outcomes. Additionally, there is a potential
for unmeasured confounders that could influence the relationship
between SII and breast cancer outcomes. Although we adjusted for
several potential confounders, other variables not captured in the
NHANES database might affect our results. Lastly, the reliance on self-
reported information and the completeness of follow-up in the
NHANES database could introduce bias or incompleteness in our
survival analysis, affecting the accuracy of our mortality data.

In conclusion, our study has identified significant non-linear
relationships between the SII and breast cancer outcomes within the
NHANES cohort. An inverse L-shaped relationship was observed
between SII and the risk of breast cancer, while a J-shaped
relationship was noted between SII and all-cause mortality among
breast cancer patients, which indicates that both low and high levels
of SII may be associated with risks related to breast cancer. These
findings underscore the importance of understanding and
addressing chronic inflammation in the context of breast cancer,
potentially offering a promising strategy for risk reduction and
improved prognosis in affected individuals. Further research is
warranted to explore the therapeutic potential of modulating SII
levels and to confirm these associations in diverse populations.
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