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Abstract

Background: Cancer is a leading global health concern, being the second top cause of death world-
wide. This study examines the association between the Aggregate Index of Systemic Inflammation
(AISI) and mortality in adult cancer patients. Methods: Data from the National Health and Nutri-
tion Examination Survey (NHANES) were utilized to conduct Cox proportional-hazards models
and generate Kaplan-Meier plots, facilitating the derivation of endpoint data and the identifica-
tion of diverse survival patterns among participants diagnosed with cancer. Restricted cubic spline
(RCS) transformations were employed to evaluate the dose-response relationship between the AISI
and mortality in cancer patients. Subgroup interaction analysis was conducted to ascertain the pre-
dictive validity of the AISI within specific populations. Logistic regression analysis, along with
stratification analysis, was applied to assess the association between the AISI and all-cause mortality
among cancer patients. Results: A total of 2 253 subjects were included in this study from 1999 to
2018. Our results demonstrate that elevated quartiles of the AISI are significantly correlated with
an increased risk of all-cause mortality and cardiovascular mortality (P<0.001). The predictive ca-
pability of AISI for both all-cause and cardiovascular mortality was substantiated, with c-indices of
0.82 and 0.81, respectively. AISI was positively associated with increased risk of all-cause mortality
in cancer patients when combined with synergistic factors such as age, race, education, and history
of diabetes. Conclusions: AISI is significantly associated with all-cause and cardiovascular mortality
in cancer patients, highlighting systemic inflammation’s role in prognosis. AISI could be a valuable
prognostic marker, meriting further research into its mechanisms and implications for managing
cancer patients.
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1 Introduction

Cancer constitutes a major global health challenge, consistently ranking as a leading cause of morbid-
ity and mortality worldwide[1-2, 5]. Despite significant progress in treatment modalities such as surgery,
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chemotherapy, and radiation therapy, the prognosis for many patients remains unfavorable, particularly
in advanced stages[3-4, 6-7] . Existing therapeutic paradigms often fail to adequately address the inherent
heterogeneity of the disease, leading to suboptimal patient management, significant adverse effects that
compromise quality of life, and high mortality rates [8–9]. This underscores the urgent necessity for con-
tinued research to identify novel biomarkers and therapeutic targets. A comprehensive understanding of
the underlying biological mechanisms is imperative for developing more effective strategies and improving
patient outcomes.

The relationship between systemic inflammation and cancer outcomes has received considerable schol-
arly attention in recent years [10]. The Aggregate Index of Systemic Inflammation (AISI) has been intro-
duced as a comprehensive metric for systemic inflammation, incorporating various inflammatory biomark-
ers to evaluate an individual’s inflammatory status. Xie et al. demonstrated that AISI has predictive value
for mortality risk in prostate cancer. Wang et al. further elaborated that a higher AISI score was associ-
ated with a worse prognosis in cancer patients [11-12]. Prior research has indicated that elevated levels of
inflammatory markers are associated with reduced survival rates in cancer patients, implying that inflam-
mation may play a critical role in cancer progression and mortality [13]. Additionally, variables such as age,
sex, race, and comorbidities can affect both inflammation and cancer outcomes, highlighting the need for
a multifaceted approach to understanding these interactions [14-15]. Yang et al. found that elevated AISI
levels were associated with increased all-cause and cardiovascular mortality in women with cancer, but
their study lacked comprehensive assessment of demographic data, physical examination findings, and past
medical history for the entire study population, including men and women [16]. Our study fills this gap
by comprehensively combining demographics, laboratory tests, physical examination findings, and disease
history to elucidate the relationship between AISI and cancer patient prognosis and mortality. We seek
to elucidate the association between AISI and all-cause mortality, cardiovascular mortality, and cancer-
specific mortality among adult cancer patients, thereby contributing to the expanding body of literature
on the prognostic importance of inflammation in cancer.

This study employs data from the National Health and Nutrition Examination Survey (NHANES) to
examine the association between AISI and mortality rates among cancer patients. Utilizing a range of
analytical techniques, including the Cox proportional hazards model, Kaplan-Meier survival analysis, and
logistic regression, this research endeavors to elucidate the potential prognostic value of AISI in clinical
settings. By systematically analyzing the relationship between AISI and overall mortality, cardiovascular
mortality, and cancer-specific mortality, the study aims to provide insights that could enhance the un-
derstanding of the role of inflammation in cancer outcomes and inform improved patient management
strategies.

2 Materials and Methods

2.1 Data sources

This cross-sectional study utilized data from the NHANES, conducted by the Centers for Disease Control
and Prevention (CDC) from 1999 to 2018. The NHANES database is a nationally representative survey
designed to evaluate the nutritional and health status of the United States population through a stratified
multistage probability sampling method.

To evaluate the link between AISI metrics and all-cause, cardiovascular, and cancer-specific mortality
in adult cancer patients, only those diagnosed with cancer were included in the analysis. The study began
with 101,316 participants from 10 interview cycles spanning 1999 to 2018. After excluding participants
under 18 years old, 59,204 remained. Further exclusion of 54,038 participants without a cancer diagnosis
resulted in 5,166 adult cancer patients. Subsequently, 2,874 participants with incomplete or missing data
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for essential covariates (including education, marital status, poverty income ratio, diabetes, hypertension,
smoking, alcohol use, physical measurements, and metabolic dysfunction) were removed, leaving 2,292
adult cancer participants. Finally, participants with missing mortality data and those excluded for specific
reasons (e.g., unexpected death, n=39) were removed, resulting in 2,253 participants with complete follow-
up data for the current analysis (Fig. 1).

Figure 1: Study flow chart

2.2 Definition of Cancer

We characterized a history of cancer or malignancy based on participants’ responses in the NHANES
database to the question, “Have you ever been informed by a doctor or other health professional that
you/he/she have cancer or any type of malignancy?” These questions were administered using a computer-
assisted personal interview system by trained interviewers in the participants’ homes. The system is
equipped with built-in consistency checks to minimize errors associated with data entry.

2.3 Definitions of AISI and covariates

AISI is a composite measure of various inflammation-related biomarkers, frequently employed to compre-
hensively assess individual inflammation levels. It is also utilized in clinical research and disease detection
to provide a holistic reflection of the body’s systemic inflammatory state. The formula is as follows:

AISI =
absolute neutrophil count × absolute platelet count × absolute monocyte count

absolute lymphocyte count
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The counts are expressed as 1000 cells/µL.
In this study, the demographic characteristics of adult cancer patients were extracted from the

NHANES database, with consideration given to various potential covariates as identified in the extant lit-
erature. The socioeconomic variables encompassed age (categorized into 10-year intervals ranging from
18 to 80 years), gender (male versus female), race/ethnicity (Hispanic, non-Hispanic white, non-Hispanic
black, and other races), educational attainment (college degree or higher, high school diploma or equiv-
alent, and less than high school), marital status (married, unmarried, or cohabiting), and poverty income
ratio (PIR) (<1.3, 1.3-1.8, and >1.8). Additionally, lifestyle behaviors and comorbid conditions were as-
sessed, including alcohol consumption (classified as never, moderate, or heavy), smoking status (never,
current, or former smoker), presence of sleep disorders (no, yes), frequency of weekly physical activity
(never, occasionally, or often), and the presence of comorbidities such as diabetes mellitus, hypertension,
osteoporosis, bone cancer, cardiovascular disease (CVD), and chronic kidney disease (CKD) (no, yes).

The study encompasses both physical and laboratory assessments, including measurements of weight,
height, waist circumference, and body mass index (BMI), as well as evaluations of energy intake (calcu-
lated as the average kilocalories from two 24-hour dietary recall interviews), serum albumin levels, ala-
nine aminotransferase, aspartate aminotransferase, high-density lipoprotein, triglycerides, total cholesterol,
glomerular filtration rate, glycated hemoglobin, and C-reactive protein.

2.4 Outcome measurements

The primary outcome of this investigation is the all-cause mortality rate among cancer patients. Sec-
ondary outcomes include the cardiovascular mortality rate and cancer-specific mortality rate within this
population. The classification of causes of death adheres to the International Classification of Diseases,
10th Revision (ICD-10). Mortality data from 1999 to 2018 were extracted from the NHANES follow-up
cohort. These data are available in the NHANES public use mortality data file up to December 31, 2019.

2.5 Statistical analysis

According to the NHANES database, recommended weights were utilized to calculate group-specific
weights (https://wwwn.cdc.gov/nchs/nhanes/tutorials/weighting.aspx). This study employed sample
weights, clustering, and stratification to accurately estimate variance, thereby ensuring national represen-
tation of the adult cancer population in the United States. The normality of each variable was assessed using
histogram distributions, Q-Q plots, and Kolmogorov-Smirnov tests. Comparisons of continuous variables
between survivors and non-survivors were conducted using the Kruskal-Wallis test. Categorical variables
were compared using the chi-square test. As all continuous variables were not normally distributed, they
are presented as medians with interquartile ranges. Categorical variables are presented as numbers with
weighted percentages.

The Cox proportional hazards model was employed to estimate the association between AISI and var-
ious mortality outcomes, including all-cause, cardiovascular, and cancer-specific mortality, among cancer
patients. The selection of covariates for this analysis was informed by prior literature on survival in cancer
patients [17]. Three models were developed: Model 1 was unadjusted; Model 2 included adjustments for
gender, age, and race; Model 3 was fully adjusted for age, gender, race, marital status, education, poverty
income ratio, energy intake, smoking status, alcohol consumption, physical activity, sleep disorders, hy-
pertension, osteoporosis, diabetes, CKD, CVD, serum albumin, alanine aminotransferase, aspartate amino-
transferase, high-density lipoprotein, C-reactive protein, and glomerular filtration rate. The consistency
index (C-index) [18] was utilized to evaluate the predictive accuracy of AISI for mortality. Kaplan-Meier
(KM) curves were employed to illustrate the survival data and to compare survival patterns across different
quartiles of AISI among cancer patients. A restricted cubic spline (RCS) transformation was employed

https://wwwn.cdc.gov/nchs/nhanes/tutorials/weighting.aspx
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to evaluate the dose-response relationship between AISI and outcomes such as all-cause mortality, car-
diovascular mortality, and cancer mortality among cancer participants. The determination of RCS curve
knots was informed by the minimization of Akaike’s Information Criterion (AIC). Additionally, sub-
group interaction analyses were performed, stratified by variables including age, race, education, marital
status, poverty income ratio, body mass index (BMI), hypertension, diabetes, smoking status, alcohol con-
sumption, and gender. These analyses aimed to further substantiate the association between AISI and
all-cause mortality in cancer patients, as well as to assess the predictive significance of AISI within specific
demographic and clinical subpopulations.

Finally, we assessed the area under the curve (AUC) of the receiver operating characteristic (ROC) curve
across multiple logistic regression models—namely, the unadjusted Model 1, the partially adjusted Model
2, and the fully adjusted Model 3—to verify the method’s validity and accuracy. The calibration curve,
featuring both the fitted curve and the diagonal line, was employed to evaluate the concordance between
predicted and actual values in the logistic regressionmodels. In the fully adjustedModel 3, stratified analyses
were conducted across various subgroups based on age, race, and gender to explore potential differences
in the association between AISI and all-cause mortality among cancer patients. Statistical analyses were
executed using R software (version 4.4.3, https://www.r-project.org/).

3 Results

3.1 Baseline characteristics of adult Cancer patients

Between 1999 and 2018, a total of 2,253 participants were enrolled in this study. The median age of the
cohort was 64 years (53.0–75.0), with a median weight of 78.3 kg, a median height of 166.5 cm, a median
waist circumference of 99.5 cm, a BMI of 27.48 kg/m2, and a median daily caloric intake of 1,801 Kcal.
Female participants constituted a larger proportion of the study population, comprising 1,213 individuals
(59.3%), compared to male participants, who numbered 1,040 (40.7%). The majority of the adult cancer
patients were non-Hispanic whites, totaling 1,564 individuals (85.7%), while non-Hispanic blacks repre-
sented 5.6% (296 individuals) of the cohort. Furthermore, 68% (1,692 individuals) of the participants had
attained a high school education or higher. Among the participants, 37.2% (894 individuals) were current
smokers, and 24.9% (545 individuals) were current drinkers. Regarding comorbidities, 638 participants
(30.6%) reported a history of sleep disorders, and 582 participants (31.2%) did not engage in weekly phys-
ical activity. Additionally, 18% of the participants had diabetes mellitus, 61.6% had hypertension, 10.9%
had osteoporosis, 15.9% had CVD, and 19.3% had CKD. Notably, 0.7% of these cancer patients also had
comorbid bone cancer. The median AISI was recorded at 270.9. The median duration of follow-up was
107 months, during which 812 cases of all-cause mortality, 175 cases of cardiovascular-related mortality,
and 245 cases of cancer-related mortality were documented. Non-survivors were predominantly char-
acterized by being male, older, more educated, married, having a moderate income, having comorbid
hypertension, consuming alcohol, being current smokers, not participating in physical activity, having a
lower BMI, and presenting a higher AISI compared to survivors (all P < 0.05) (Table 1).

Table 1: The demographic characteristics of adults with cancer in the present study

Variables Total (n=2253) Survivors (n=1435,
74.1%)

Non-survivors (n=818,
25.9%)

p

Age (years), n (%) 64.0 (53.0–75.0) 60.0 (49.0–70.0) 75.0 (67.0–80.0) <0.001
18–29 52 (3.0) 48 (3.6) 4 (1.4)
30–39 101 (6.6) 99 (8.7) 2 (0.6)

(Continued on next page)
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(Continued from previous page)

Variables Total (n=2253) Survivors (n=1435,
74.1%)

Non-survivors (n=818,
25.9%)

p

40–49 164 (10.5) 145 (13.1) 19 (2.7)
50–59 289 (17.9) 247 (21.7) 42 (6.9)
60–69 542 (25.6) 395 (27.6) 147 (19.9)
70–80 1105 (36.5) 501 (25.3) 604 (68.4)
Gender, n (%) <0.001
Male 1040 (40.7) 582 (37.4) 458 (50.0)
Female 1213 (59.3) 853 (62.6) 360 (50.0)
Race/Ethnicity, n (%) 0.266
Hispanic 294 (5.4) 232 (5.9) 62 (4.0)
Non-Hispanic white 1564 (85.7) 920 (85.1) 644 (87.5)
Non-Hispanic black 296 (5.6) 197 (5.2) 99 (6.7)
Other races 99 (3.3) 86 (3.8) 13 (1.9)
Education status, n (%) <0.001
More than high school 1063 (39.7) 599 (34.9) 464 (53.4)
High school or equivalent 629 (28.3) 434 (29.2) 195 (25.7)
Less than high school 558 (31.9) 400 (35.8) 158 (20.9)
Not recorded 3 (0.1) 2 (0.1) 1 (0.1)
Marital status, n (%) <0.001
Married 1306 (64.1) 865 (67.7) 441 (53.7)
Not married 852 (31.6) 502 (27.9) 350 (42.1)
Living with partner 83 (3.9) 65 (4.3) 18 (2.9)
Not recorded 12 (0.4) 3 (0.1) 9 (1.3)
Poverty-income ratio, n (%) <0.001
<1.3 496 (14.3) 294 (11.6) 202 (22.0)
1.3–1.8 835 (34.1) 488 (30.8) 347 (43.7)
>1.8 725 (43.8) 530 (49.8) 195 (26.9)
Not recorded 197 (7.7) 123 (7.8) 74 (7.4)
Daily alcohol drinking status,
n (%)

<0.001

Non-drinkers 289 (10.6) 175 (9.1) 114 (14.7)
Moderate-drinkers 285 (11.1) 184 (10.7) 101 (12.3)
Heavy-drinkers 260 (13.8) 204 (16.1) 56 (7.3)
Not recorded 1419 (64.5) 872 (64.1) 547 (65.6)
Smoking, n (%) <0.001
Never 1013 (46.3) 696 (49.0) 317 (38.8)
Now 894 (37.2) 504 (34.2) 390 (45.6)
Ever 343 (16.4) 232 (16.7) 111 (15.6)
Not recorded 3 (0.1) 3 (0.1) 0 (0.0)
Sleep disorder, n (%) <0.001
No 1615 (69.4) 966 (66.3) 649 (78.1)
Yes 638 (30.6) 469 (33.7) 169 (21.9)
Physical activity, n (%) <0.001
Inactive 582 (31.2) 384 (26.7) 198 (54.4)
Less active or Active 888 (68.8) 737 (73.3) 151 (45.6)

(Continued on next page)
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Variables Total (n=2253) Survivors (n=1435,
74.1%)

Non-survivors (n=818,
25.9%)

p

History of diabetes, n (%) 0.001
No 1703 (82.0) 1114 (83.9) 589 (76.7)
Yes 550 (18.0) 321 (16.1) 229 (23.3)
History of hypertension, n (%) <0.001
No 712 (38.4) 544 (44.5) 168 (20.9)
Yes 1541 (61.6) 891 (55.5) 650 (79.1)
History of osteoporosis, n (%) <0.001
No 2001 (89.1) 1294 (91.1) 707 (83.7)
Yes 252 (10.9) 141 (8.9) 111 (16.3)
Bone cancer, n (%) 0.044
No 2233 (99.3) 1427 (99.5) 806 (98.7)
Yes 20 (0.7) 8 (0.5) 12 (1.3)
CVD, n (%) <0.001
No 1783 (84.1) 1213 (88.8) 570 (70.7)
Yes 453 (15.9) 212 (11.2) 241 (29.3)
CKD, n (%) <0.001
No 1697 (80.7) 1144 (84.8) 553 (69.2)
Yes 556 (19.3) 291 (15.2) 265 (30.8)
Weight (kg) 78.3 (66.1–92.3) 79.2 (66.8–92.5) 75.1 (63.9–91.2) 0.003
Standing height (cm) 166.5 (160.0–174.7) 166.4 (160.4–174.7) 166.9 (159.3–174.6) 0.643
Waist circumference (cm) 99.9 (88.9–110.7) 99.8 (88.5–110.7) 100.1 (89.6–110.9) 0.611
BMI (kg/m2), n (%) 27.5 (24.1–32.3) 27.7 (24.2–32.9) 26.9 (23.8–31.3) 0.005
<25 655 (31.2) 374 (29.6) 281 (35.9)
25–30 759 (32.2) 494 (33.2) 265 (29.3)
>30 787 (34.8) 552 (36.1) 235 (31.2)
Not recorded 52 (1.7) 15 (1.1) 37 (3.6)
Daily energy (kcal) 1801.0

(1335.0–2286.0)
1821.0

(1396.0–2309.0)
1665.0

(1120.0–2203.0)
<0.001

ALB (g/L) 20.0 (16.0–27.0) 20.0 (16.0–28.0) 19.0 (15.0–24.0) <0.001
ALT (U/L) 42.0 (40.0–44.0) 42.0 (40.0–44.0) 41.0 (39.0–44.0) <0.001
AST (U/L) 23.0 (19.0–27.0) 23.0 (19.0–27.0) 23.0 (20.0–28.0) 0.050
HDL (mg/dL) 54.0 (45.0–65.0) 54.0 (45.0–65.0) 54.0 (45.0–67.0) 0.631
TR (mmol/L) 1.28 (0.89–1.84) 1.23 (0.87–1.81) 1.39 (0.98–1.95) <0.001
TC (mmol/L) 5.04 (4.40–5.79) 5.07 (4.42–5.82) 4.97 (4.27–5.66) 0.014
eGFR (mL/min/1.73 m2) 82.01 (67.34–95.45) 84.64 (70.48–97.78) 71.63 (54.06–85.03) <0.001
Glycohemoglobin (%) 5.6 (5.3–5.9) 5.5 (5.3–5.9) 5.7 (5.4–6.0) <0.001
CRP (mg/dL) 0.28 (0.12–0.83) 0.26 (0.10–0.83) 0.28 (0.15–0.83) <0.001
AISI 270.9 (169.2–419.3) 245.5 (158.1–386.9) 332.8 (216.0–515.7) <0.001

Notes. M, median; Q, quartile; AISI, the Aggregate Index of Systemic Inflammation; PIR, poverty income ratio; CVD, cardio-
vascular disease; CKD, chronic kidney disease; BMI, body mass index; ALB, serum albumin levels; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; HDL, high-density lipoprotein; TR, triglycerides; TC, total cholesterol; eGFR, glomerular fil-
tration rate; CRP, C-reactive protein. Non-normally distributed variables are shown as median (Q1, Q3). Categorical variables
are shown as number (percentage). Bold values indicate statistical significance (p < 0.05).
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3.2 Association between AISI and mortality outcome in adult Cancer patients

When compared to participants in the low quartile subgroup, those in the high quartile of AISI exhibited significantly elevated
rates of all-cause mortality (Fig. 2A), cardiovascular mortality (Fig. 2C), and cancer mortality (Fig. 2E) among unweighted
participants (P < 0.001). Similarly, weighted participants in the high quartile of AISI also demonstrated significantly higher
rates of all-cause mortality (Fig. 2B), cardiovascular mortality (Fig. 2D), and cancer mortality (Fig. 2F) compared to those in the
low quartile subgroup (P < 0.001). A multivariate-adjusted Cox regression analysis revealed that the fourth quartile of AISI was
significantly associated with an increased risk of all-cause mortality, with an adjusted hazard ratio (aHR) of 1.369 (95% confidence
interval [CI]: 1.051–1.782, P = 0.020) (Fig. 3A). Furthermore, a high quartile level of AISI was significantly correlated with
cardiovascular mortality in adult cancer patients, as indicated by an aHR of 1.37 (95% CI: 1.058–1.774, P = 0.017) (Fig. 3B).
However, no significant association was observed between the high quartile level of AISI and cancer mortality, with an aHR
of 1.219 (95% CI: 0.727–2.045, P = 0.452) (Fig. 3C). The c-index for AISI in predicting all-cause mortality was 0.585, while
for cardiovascular mortality, it was 0.644, and for cancer mortality, it was 0.564. When AISI was combined with other clinical
factors, the c-index for predicting all-cause mortality increased to 0.821, and for predicting cardiovascular mortality, it rose to
0.814.

Figure 2: Kaplan-Meier curves show the survival patterns of adult cancer patients at different AISI quartile levels. A (un-
weighted) -B (weighted) are all-cause mortality for adult cancer patients at different quartile levels of AISI. C (unweighted) -D
(weighted) is the cardiovascular mortality of adult cancer patients at different quartile levels of AISI. E (unweighted) -F (weighted)
is the cancer mortality of adult cancer patients at different quartile levels of AISI. Q, quartile; AISI, the Aggregate Index of Sys-
temic Inflammation.

3.3 Linear trend of AISI related measures and mortality outcomes in adult Cancer patients

AISI demonstrates a linear association with both all-cause and cardiovascular mortality rates in cancer patients (P for overall effect
< 0.005, P for nonlinearity > 0.05) (Fig. 4A and 4B). Conversely, the RCS plot, adjusted for multiple covariates, indicates that
AISI does not exert a statistically significant impact on the cancer-specific mortality rate among cancer patients (P for overall
effect = 0.195, P for nonlinearity = 0.121) (Fig. 4C). This suggests that elevated levels of AISI are correlated with a marked
increase in the risk of all-cause and cardiovascular mortality in this patient population.
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Figure 3: Forest plot A shows the association between AISI and all-cause mortality in adult cancer patients. Forest plot B
shows the association between AISI and cardiovascular mortality in adult cancer patients. Forest plot C shows the association
between AISI and cancer mortality in adult cancer patients. Model 1: unadjusted; Model 2: adjusted for age, gender, race;
Model 3: adjusted for gender, age, race, education, marital status, PIR, energy intake, smoking status, alcohol consumption,
physical activity, sleep disorders, hypertension, osteoporosis, diabetes, CKD, CVD, ALB, ALT, AST, HDL, CRP, and eGFR.
AISI, the Aggregate Index of Systemic Inflammation; PIR, poverty income ratio; CVD, cardiovascular disease; CKD, chronic
kidney disease; ALB, serum albumin levels; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HDL, high-density
lipoprotein; CRP, C-reactive protein; eGFR, glomerular filtration rate.

Figure 4: Restricted cubic splines reflect the dose-response relationship between AISI and all-cause mortality in adult cancer
patients. B: Restricted cubic splines reflect the dose-response relationship between AISI and cardiovascular mortality in adult
cancer patients. C: Restricted cubic splines reflect the dose-response relationship between AISI and cancer mortality in adult
cancer patients. AISI, the Aggregate Index of Systemic Inflammation.

3.4 Subgroup interaction analysis

Stratified analyses indicated no significant differences in outcomes related to marital status, poverty-to-income ratio, BMI, hy-
pertension, alcohol history, smoking history, and gender interaction. Nonetheless, with an interaction P -value of less than 0.05,
the predictive efficacy of AISI was notably enhanced within specific subpopulations, particularly among individuals aged 60 to
69 years, non-Hispanic Black individuals, those with a high school education, and individuals with a history of diabetes. This
finding suggests that the integration of AISI with these four synergistic factors is positively correlated with an increased risk of
all-cause mortality among cancer patients (Figure 5).

Supplementary Figure S1 illustrates that the AUC, as evaluated by the ROC curve in the logistic regression models (Model
1, Model 2, Model 3), exceeds 0.5. As the number of adjusted covariates increases from Model 1 to Model 2 and Model 3, there
is a corresponding increase in the AUC values, thereby enhancing the validity of the method and improving the accuracy rate.
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Figure 5: Subgroups were defined according to age, race, education, marital status, PIR, BMI, hypertension, diabetes, smoking,
alcohol consumption, and gender. To investigate the association between AISI and all-cause mortality in different subgroups of
adult cancer patients. PIR, poverty income ratio; BMI, body mass index; AISI, the Aggregate Index of Systemic Inflammation.

Figure S2 demonstrates that in the calibration curve assessment of these logistic regression models, the fitted curves for the partially
adjusted Model 2 and the fully adjusted Model 3 progressively align with the diagonal line. This alignment indicates that the
predicted and actual incidence rates are converging, with the predictions of the fully adjusted Model 3 closely approximating the
actual values. In Model 3, which is fully adjusted, stratified analyses by age, race, and gender were performed to evaluate potential
differences in the association between AISI and all-cause mortality among cancer patients, as depicted in Figure S3. In the age
subgroup analysis, significant interactions were identified in both the 18-49 and 50+ age categories, with odds ratios (OR) and their
corresponding 95% confidence intervals exceeding 1 (P < 0.001). This suggests a significant positive correlation between AISI
and the risk of all-cause mortality among cancer patients. Notably, the OR value for the 18-49 age group was higher, indicating
a marginally increased risk in this cohort. In contrast, within the race subgroup analysis, no significant interactions were detected
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among Hispanic and non-Hispanic white groups. However, significant interactions were observed in the non-Hispanic black
and other race categories, with OR values and 95% confidence intervals both exceeding 1 (P < 0.001). The findings suggest a
significant positive correlation between AISI and the risk of all-cause mortality among cancer patients in these groups. Notably,
the OR is higher in the “other race” group, indicating an elevated risk. Within the gender subgroups, no significant interactions
were detected among females. However, significant interactions were observed in the male subgroup, as evidenced by OR values
and their 95% confidence intervals exceeding 1 (P = 0.021). This underscores a significant positive correlation between AISI
and the risk of all-cause mortality in male cancer patients.

4 Discussion

In the present study, we found that an elevated AISI was significantly correlated with mortality outcomes in cancer patients.
Specifically, cancer patients in the fourth quartile of AISI exhibited a 1.37-fold increase in both all-cause and cardiovascular
mortality. Furthermore, AISI demonstrated superior predictive capability for all-cause and cardiovascular mortality among cancer
patients when combined with clinical factors, with C-index values of 0.821 and 0.814, respectively. A linear relationship was
observed between AISI and both all-cause and cardiovascular mortality in this population. When AISI was combined with
synergistic factors such as age, race, education, and a history of diabetes, it was positively associated with an increased risk of
all-cause mortality in cancer patients. The AUC of the ROC, as assessed by the logistic regression models, surpassed 0.5, thereby
confirming the study’s validity. In the analysis of age subgroups, significant interactions were identified within the 18-49 years
and 50 years and older cohorts, as well as among non-Hispanic Black and other racial subgroups, and male subgroups. These
findings underscore a significant positive correlation between AISI and the risk of all-cause mortality in cancer patients.

Nooh et al. illustrated that multiple inflammatory markers, including AISI, were associated with poor survival in adult
COVID-19 cancer patients [19]. Feier et al. found a significant increase in AISI in gastric cancer patients who experienced
recurrence [20]. Shen et al. clarified that AISI is a risk factor for distant metastasis in patients with colorectal cancer [21]. Bai et
al. found that AISI was associated with all-cause and cardiovascular mortality in patients with congestive heart failure [17]. In
contrast to prior research, which predominantly concentrated on isolated risk factors, our study innovatively incorporates AISI
as an integrative measure of inflammation, offering a more comprehensive perspective on its influence on cancer outcomes. This
study elucidates the substantial association between AISI and both all-cause and cardiovascular mortality among cancer patients,
thereby underscoring the pivotal role of inflammation in cancer prognosis. The findings indicate that elevated AISI levels are
correlated with heightened mortality risks, highlighting the necessity for further investigation into inflammatory pathways in
the context of cancer management.

Statistical analyses utilizing the NHANES database demonstrate that individuals with elevated AISI levels experience signif-
icantly higher rates of all-cause and cardiovascular mortality compared to those with lower levels. Moreover, the data indicate
that this association persists across diverse demographic subgroups, including variations in age, race, and comorbid conditions.
These findings underscore the importance of inflammation, as measured by AISI, as a critical prognostic factor in cancer patients,
thereby highlighting its relevance in clinical evaluations and therapeutic planning.

The current study showed that elevated AISI was significantly and positively associated with all-cause and cardiovascular
mortality in cancer patients, indicating that inflammation is a key factor affecting the survival of these individuals [22]. In similar
findings involving patients with depression and asthma, a higher frailty index was associated with increased all-cause and car-
diovascular mortality [23-24]. These studies collectively underscore systemic inflammation as an important prognostic factor in
various patient populations [25]. The present findings add to the expanding body of evidence that underscores the significance
of inflammation in cancer prognosis [28-30]. Variations in findings across studies may result from differences in the patient popu-
lations examined and the inflammatory markers evaluated [26-27]. This highlights the necessity for further research to elucidate
the mechanisms underlying these associations and to investigate potential therapeutic interventions that target inflammation in
cancer management [31-32].

The association between AISI and mortality among cancer patients was examined through the application of diverse statistical
models, aiming to thoroughly investigate the relationship between this exposure and the pertinent outcomes. The study utilized
Cox proportional hazards models alongside multivariable logistic regression analyses to evaluate the effect of AISI on all-cause
mortality, cardiovascular mortality, and cancer-specific mortality in adult cancer patients. In the multivariable logistic regression
analysis, a significant positive association was observed between elevated levels of AISI and increased all-cause mortality. This
finding suggests that individuals in the highest quartile of AISI exhibited a substantially higher risk of mortality compared to
those in the lowest quartile. Furthermore, the Cox regression analysis corroborated the significant association between AISI and
cardiovascular mortality, whereas no significant correlation was identified for cancer-specific mortality. The concordance of
results across these statistical methodologies strengthens the validity of the findings, as both the Cox model and logistic regression
demonstrated a linear relationship between AISI and mortality outcomes. Employing multiple models facilitated a comprehensive
analysis of the data, demonstrating that elevated AISI levels correlate with an increased risk of mortality. This finding provides
robust evidence supporting the role of systemic inflammation in cancer prognosis. The study highlights the significance of AISI
as a potential biomarker for evaluating mortality risk in cancer patients, indicating that interventions targeting the reduction of
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systemic inflammation could enhance patient outcomes.
Increased AISI levels were associated with decreased survival rates, suggesting that specific inflammatory cell populations may

play a role in the immunosuppressive characteristics of the tumor microenvironment, thereby affecting the efficacy of therapeutic
interventions [33-34]. Future research should aim to identify the key transcription factors governing these cell subtypes, as elucidat-
ing their functions could offer insights into potential inflammatory therapeutic targets for cancer [35-37]. This study examines the
association between AISI and various mortality outcomes, including all-cause, cardiovascular, and cancer-specific mortality, in
adult cancer patients. Prior research demonstrates that systemic inflammation is a critical factor in cancer progression and patient
survival [38]. Elevated levels of inflammatory markers have been linked to poorer prognoses across different cancer types, suggest-
ing that inflammation may significantly contribute to cancer pathophysiology and its associated complications [39-41]. Moreover,
socioeconomic factors like income and educational attainment influence both cancer outcomes and inflammatory responses, em-
phasizing the complex interactions among these variables [42-43]. By exploring the relationship between AISI and mortality, this
study aims to clarify the role of systemic inflammation as a prognostic indicator, aiding in the creation of personalized treatment
strategies.

5 Strength and Limitations

Our study presents significant findings regarding the association between a high quartile of the AISI and overall mortality as well
as cardiovascular mortality in cancer patients. We explored the prognostic impact of the AISI on postoperative outcomes in adult
carcinoma patients and its clinical value in the management of cancer patients. Secondly, the sample size of the study is robust,
and the follow-up time is sufficient to observe mortality rate outcomes. In addition, we controlled for a series of covariates to
determine the independent association between AISI-related indicators and mortality outcomes in cancer patients. Finally, we
conducted a logistic regression multi-model calibration curve to assess how closely the predicted values of the fully adjusted model
align with the actual values.

Nevertheless, several limitations must be acknowledged in this study. Firstly, the absence of wet laboratory experiments
constrains the validation of the AISI as a reliable biomarker in clinical contexts. Furthermore, the lack of clinical validation
analyses raises concerns regarding the robustness of our findings. Potential batch effects arising from multiple datasets could also
introduce variability that may confound the results, necessitating caution in their interpretation.

In summary, our results suggest that a high AISI is significantly associated with increased mortality risks in cancer patients,
underscoring its potential as a prognostic tool. The capacity of the AISI to function as a marker of inflammation highlights its
relevance in predicting patient outcomes. Future research should focus on larger, more diverse cohorts and incorporate clinical
validation to enhance the applicability of the AISI in clinical practice.

6 Conclusions

The study highlights the substantial association between the AISI and both all-cause and cardiovascular mortality among cancer
patients, underscoring the importance of systemic inflammation in cancer prognosis. These findings indicate that AISI has the
potential to be a valuable prognostic marker in clinical practice, thereby justifying further research into its underlying mechanisms
and implications for the management of cancer patients.
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