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Abdominal aortic calcification (AAC) and the systemic inflammation response index (SIRI) have been 
linked to both all-cause and cardiovascular disease (CVD)-related mortality. Whether combining AAC 
and SIRI improves the predictive ability for adverse outcomes remains poorly unexplored. The present 
study aims to investigate the joint associations of AAC and SIRI with the risk of all-cause and CVD-
related mortality in the general population. This prospective cohort study included participants with 
AAC and SIRI data from the 2013–2014 National Health and Nutrition Examination Survey (NHANES). 
Primary outcomes were death from any cause (all-cause mortality) and heart or cerebrovascular 
diseases (CVD-related mortality). AAC was categorized into three groups based on the AAC score: 
non-AAC (score = 0), low- moderate AAC (score > 0 and < 5), and severe AAC (score ≥ 5). SIRI ( x 109/L) 
was stratified by tertiles. Multivariable Cox regression analyses and competing risk models were 
employed to examine the individual associations of AAC and SIRI with the risk of all-cause and CVD-
related mortality. Participants were further divided into four groups according to AAC (presence or 
absence) and SIRI (≤ or > median) to explore their joint association.  A total of 2159 participants with 
a median age of 55 years were included in this study. 1031 (47.8%) were males and 1128 (52.2%) 
were females. For race, 317 (14.7%) were mexican american, 226 (10.5%) were other hispanic, 878 
(40.7%) were white, 431 (20.0%) were black, and 307 (14.2%) were other race. During a median of 73 
months follow-up, 119 deaths were recorded, 41 of which were CVD-related cases. AAC was presented 
in 553 participants (355 with low-moderate AAC and 198 with severe AAC), and the median SIRI 
was 1.05 × 109/L. After adjusting for potential confounding factors, AAC and SIRI were significantly 
associated with the risks of all-cause (AAC: HRsevere AAC vs. non−AAC = 2.903, 95% CI: 1.855 ~ 4.543, p 
for trend < 0.001; SIRI: HRtertile 3 vs. tertile 1 = 2.077, 95% CI: 1.264 ~ 3.411, p for trend = 0.001) and CVD-
related death (AAC: HRsevere AAC vs. non−AAC = 4.579, 95% CI: 2.019 ~ 10.381, p for trend < 0.001; SIRI: 
HRtertile 3 vs. tertile 1 = 3.215, 95% CI: 1.253 ~ 8.246, p for trend = 0.006). These associations remained 
statistically significant even after mutual adjustment. Participants with both AAC presence and 
elevated SIRI had higher risk of adverse outcomes.  Severe AAC and elevated SIRI were independently 
associated with an increased risk of all-cause and CVD-related mortality in the general population. 
Notably, individuals with both AAC presence and increased SIRI exhibited the greatest mortality 
risk. The combined assessment of AAC and SIRI may provide novel predictive value, offering a more 
comprehensive approach to identifying high-risk individuals and refining risk stratification strategies.
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Abdominal aortic calcification (AAC), a common manifestation of vascular calcification, is a complex, 
multifactorial process characterized by osteogenic differentiation of vascular smooth muscle cells, chronic 

1Department of Emergency Medicine, Shigatse Branch, Xinqiao Hospital, Army Medical University, Shigatse 
857000, China. 2Department of Cardiology, Institute of Cardiovascular Research, Xinqiao Hospital, Army Medical 
University, Chongqing 400037, China. email: sp_tang22@yahoo.com; doctorzhou1990@163.com

OPEN

Scientific Reports |        (2025) 15:13421 1| https://doi.org/10.1038/s41598-025-98485-z

www.nature.com/scientificreports

http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-98485-z&domain=pdf&date_stamp=2025-4-18


low-grade inflammation, and dysregulated mineral metabolism, ultimately leading to excessive deposition of 
hydroxyapatite crystals within the arterial wall1–3. Kauppila developed a scoring method to assess AAC severity 
based on the visual identification of diffuse white stippling or linear calcifications along the aortic walls in lateral 
spine radiographs3,4. Several studies demonstrated AAC was a promising marker of adverse outcomes5–11. 
However, relying solely on this marker may limit its ability to capture the multidimensional aspects of an 
individual’s health and reduce its predictive accuracy12.

Chronic low-grade inflammation has been implicated in various diseases, including cancer and 
atherosclerosis13. The Systemic Inflammation Response Index (SIRI), calculated from peripheral neutrophil, 
monocyte, and lymphocyte counts, serves as a novel marker that effectively reflects the balance between 
inflammation and immune status14,15. Recently, SIRI has gained attention for its potential predictive value in 
populations with cancer16, acute ischemic stroke15, and coronary artery disease17, suggesting its promise as a 
tool for risk stratification.

Since inflammation may promote arterial calcification and directly impact mortality through various 
mechanisms18,19, investigating the combined effect of AAC and SIRI in predicting adverse outcomes may help 
identify individuals at higher risk and provide valuable clinical insights. However, it remains unclear whether 
combining AAC and SIRI provide a complementary information on future mortality predicting. Therefore, this 
study aims to evaluate the joint associations of AAC and SIRI with the risk of all-cause and cardiovascular-
related mortality in the general population.

Methods
Study population
The National Health and Nutrition Examination Survey (NHANES) is an ongoing, cross-sectional, nationally 
representative study conducted by the National Center for Health Statistics (NCHS) at the U.S. Centers for 
Disease Control and Prevention (CDC). This survey, employing a complex, stratified, multistage probability 
sampling design, aims to monitor the health and nutritional status of the U.S. population. The protocol and 
data collection procedures of NHANES were approved by the NCHS Research Ethics Review Board, and all 
participants provided informed consent at the time of enrollment.

For this study, we utilized publicly available data from the 2013–2014 cycle, which included information 
on AAC assessment and blood cell examination. All personal identifiable information was excluded, and the 
methods adhered to relevant regulations and guidelines (https://www.cdc.gov/nchs/nhanes/index.html). The 
protocol of this study complied with the Declaration of Helsinki, and ethical approval was obtained from Ethics 
Review Committee of the Xinqiao hospital, Army Medical University, Chongqing, China. The exclusion criteria 
were: (1) incomplete data on AAC scores or blood cells; (2) history of CVD or cancer; and (3) incomplete 
baseline characteristics or follow-up information.

AAC severity
AAC severity was assessed as AAC score using the Kauppila semiquantitative scoring system, based on lateral 
imaging of the thoracolumbar spine obtained through dual-energy X-ray absorptiometry (DXA)4. These 
assessments were performed by trained NHANES staff at a mobile examination center. Detailed information is 
available on the NHANES website (​h​t​t​p​s​:​​/​/​w​w​w​n​​.​c​d​c​.​g​​o​v​/​N​c​h​​s​/​N​h​a​​n​e​s​/​2​0​​1​3​-​2​0​1​​4​/​D​X​X​A​​A​C​_​H​.​h​t​m). Briefly, 
the anterior and posterior aortic walls in DXA were divided into four anatomical segments corresponding 
to lumbar vertebral levels L1–L4. Calcification was identified in each of these eight vascular segments (four 
anterior/posterior pairs) based on the presence of either diffuse stippling or linear calcifications along the aortic 
walls. Each segment was scored as follows: “0” for no calcification, “1” if calcification covered one-third or less of 
the aortic wall, “2” if more than one-third but less than two-thirds was calcified, and “3” if more than two-thirds 
was calcified. The AAC score was calculated separately for each segment, yielding a total score ranging from 0 to 
24. AAC severity was categroized as : non-AAC (score = 0), low- moderate AAC (score > 0 and < 5), and severe 
AAC (score ≥ 5)20,21.

SIRI
Blood samples from participants were collected and analyzed using the Beckman Coulter DXH 800 Hematology 
Analyzer at the NHANES mobile examination center. Detailed information is available on the NHANES website 
(​h​t​t​p​s​:​​/​/​w​w​w​n​​.​c​d​c​.​g​​o​v​/​N​c​h​​s​/​N​h​a​​n​e​s​/​2​0​​1​3​-​2​0​1​​4​/​C​B​C​_​​H​.​h​t​m). Lymphocyte (x 109/L), neutrophil (x 109/L) and 
monocyte counts (x 109/L) in peripheral blood were obtained. The SIRI was calculated using the following 
formula: monocyte count × neutrophil count / lymphocyte count, and presented as x 109 /L22,23.

Mortality follow-up
Participants were followed until death or the cut-off date of December 31, 2019. Mortality information was 
obtained from the NHANES-linked National Death Index (NDI) public access files. Detailed information on 
the linking methods is available in the NCHS documentation. Causes of death were classified according to the 
International Classification of Diseases (ICD-10). The primary outcomes of our study were death from any cause 
(all-cause mortality), and from heart or cerebrovascular diseases (CVD-related mortality: ICD-10 codes I00–I78 
and I80–I99).

Other variables
Socio-demographic data including age (year), sex (male and female), body mass index (BMI, kg/m2), race/
ethnicity (Mexican American, other Hispanic, non-Hispanic white, non-Hispanic black, or other), education 
level (less than high school, high school, or above), lifestyle factors, and medical history such as smoking 
status, drinking status, hypertension, diabetes, hypercholesterolemia, CVD, and arthritis, were downloaded 
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from the NHANES website. Additionally, laboratory parameters, including serum creatinine (Scr, µmol/L), 
vitamin D (nmol/L), and drug usage, were obtained. Smoking status was categorized into two groups (current/
former smokers vs. never smokers). Current/former smokers were defined as participants smoked at least 100 
cigarettes in life, thus less than 100 were grouped as never smokers. Drinking status was classified as current/
former drinkers vs. never drinkers. Participants had at least 12 drinks of any type of alcoholic beverage were 
defined as current/former drinkers, while less than 12 drinks were categorized as never drinkers. Arthritis was 
defined as participants with osteoarthritis or rheumatoid arthritis. The estimated glomerular filtration rate 
(eGFR) was calculated using the MDRD (Modification of Diet in Renal Disease) study equation: eGFR (ml/
min*1.73 m²) = 186.3 × Scr^−1.154 × age^−0.203 × (0.742 for females) × (1.21 for Black individuals)24.

Statistics analyses
Descriptive analyses
Baseline characteristics were presented as mean ± standard deviation or median (25th–75th percentile) for 
continuous variables, depending on whether the data followed a normal distribution, and as frequency and 
percentage for categorical variables. The study population was divided into three groups based on AAC severity 
and SIRI tertiles, respectively. Differences in continuous variables were analyzed using one-way ANOVA or the 
Kruskal-Wallis H test, while categorical variables were compared using the χ2 test or Fisher’s Exact test.

Association of AAC and SIRI with mortality in Cox proportional hazards models
The cumulative risks of all-cause and CVD-related death were displayed using Kaplan-Meier curves, and the log-
rank test was performed to assess differences across AAC severity and SIRI tertiles. Cox proportional hazards 
models were used to evaluate the associations of AAC and SIRI with all-cause and CVD-related mortality. 
Schoenfeld residuals were tested to ensure the proportional hazards assumption was met for each covariate, any 
covariate violating this assumption was modeled as an interaction term with follow-up time. We modeled AAC 
severity and SIRI tertiles as categorical, with non-AAC and tertile 1 of SIRI as the reference group, respectively. 
Due to skewed distributions and for clinical interpretability, three continuous variables were transformed 
into categorical variables based on clinically relevant cutoff values (age [<60 and ≥ 60], BMI [<25, 25–30 and 
≥ 30], and eGFR [<60 and ≥ 60]). To explore the joint association of AAC and SIRI with adverse outcomes, 
participants were divided into four groups based on the presence of AAC and SIRI levels relative to the median: 
(1) non-AAC and SIRI ≤ median, (2) non-AAC and SIRI > median, (3) AAC and SIRI ≤ median, and (4) AAC 
and SIRI > median.

Three models were fitted to explore the association of AAC and SIRI with mortality. Model 1 was adjusted 
for age, sex, and race. Model 2, based on Model 1, was further adjusted for BMI, education level, smoking status, 
and drinking status. Model 3 was further adjusted for hypertension, diabetes, hypercholesterolemia, arthritis, 
eGFR, antihypertensive drugs, hypoglycemic drugs, lipid-lowering drugs, and vitamin D. Arthritis and vitamin 
D were selected for confounding adjustment based on accumulating evidence indicating their associations with 
the increased risk of mortality25–29.

Association of AAC and SIRI with mortality in competing risk models
Fine-Gray regression analyses were used to estimate the cumulative risks of all-cause and CVD-related mortality 
while accounting for competing risks30,31. Deaths from non-CVD causes were considered as competing risks for 
CVD-related mortality, and deaths from accidents were treated as competing risks for all-cause mortality. The 
adjusting factors in these analyses were consistent with those in the Cox models.

Incremental value of adding AAC and SIRI on clinical outcomes predicting
Time-dependent ROC curves for models incorporating AAC, SIRI, separately and jointly were plotted, and the 
area under the curves (AUCs) were calculated to compare the incremental predictive ability of adding AAC and 
SIRI to traditional risk factors for mortality outcomes32.

Subgroup analyses
Subgroup analyses were conducted to evaluate the robustness of the associations of AAC and SIRI with mortality, 
and interactions text with age (<60 and ≥ 60), sex (male and female), smoking status (Current/former and never 
smokers), hypertension, diabetes, hypercholesterolemia, arthritis and eGFR (<60 and ≥ 60) were conducted to 
explore if any effect modifiers existing.

Sensitivity analyses
Several sensitivity analyses were conducted to test the robustness of study results: analysis considering for sample 
weights, clustering and stratification of NHANES study design, and analysis excluding participants with follow-
up period less than 2 years.

Results
Baseline characteristics
The present study finally included 2159 individuals (Fig. 1), with a median age of 55.0 years, 47.8% (1031) of 
whom were male. AAC was present in 553 (25.6%) participants (with 355 (16.4%) classified as low-moderate 
AAC and 198 (9.2%) as severe AAC), and the median SIRI was 1.05 × 109/L. Baseline characteristics of the 
study population, stratified by AAC severity and SIRI tertiles (T1, 0.12–0.83 × 109/L; T2, 0.83–1.32 × 109/L; T3, 
1.32–10.38 × 109/L), are presented in Table 1 (Differences in baseline characteristics across AAC severity) and 
Table 2 (Differences in baseline characteristics across SIRI tertiles), respectively. Participants with severe AAC 
were more likely to be older, smokers, and have hypertension, diabetes, hypercholesterolemia, and arthritis. They 
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Fig. 1.  Flowchart of study population. NHANES National Health and Nutrition Examination Survey,  AAC 
abdominal aortic calcification,  CVD  cardiovascular disease.
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also tended to have a lower BMI, reduced eGFR, and elevated vitamin D levels. Significant differences in age, sex, 
BMI, race, smoking and drinking status, hypertension, diabetes, arthritis, eGFR, and the use of antihypertensive 
and hypoglycemic drugs were observed across SIRI tertiles.

Associations of AAC and SIRI separately with mortality
The median follow-up period was 73 months (range: 66–79). By the census date of December 31, 2019, 119 all-
cause deaths were recorded, of which 41 were CVD-related. As shown in Fig. S1  (death rates across AAC severity 
or SIRI tertiles), participants with higher AAC severity and higher SIRI tertiles exhibited elevated rates of all-
cause and CVD-related death. The cumulative risks of these events, stratified by AAC severity and SIRI tertiles, 
were displayed using Kaplan-Meier curves. The log-rank test demonstrated that participants with severe AAC 
and those in the highest SIRI tertile group had significantly higher risks of both all-cause and CVD-related death 
(Fig. 2, cumulative risks of adverse outcomes across AAC severity or SIRI tertiles; all log-rank tests, p < 0.001).

Table S1 (associations of AAC severity with adverse outcomes) and Table S2 (associations of SIRI tertiles 
with adverse outcomes) summarize the hazard ratios (HRs) for all-cause and CVD-related mortality, according 

Various Total

AAC severity

P valueNon-AAC Low-moderate AAC Severe AAC

Subject 2159 1606 355 198

Age (years) 55.0(47.0–65.0) 53.0(46.0–62.0) 60.0(50.0–68.0) 69.0(59.0–78.0) <0.001

 < 60 1298(60.1) 1070(66.6) 176(49.6) 52(26.3)

 ≥ 60 861(39.9) 536(33.4) 179(50.4) 146(73.7)

Sex, n(%) 0.637

 Male 1031(47.8) 765(47.6) 176(49.6) 90(45.5)

 Female 1128(52.2) 841(52.4) 179(50.4) 108(54.5)

BMI (kg/m^2) 28.6 ± 5.59 28.8 ± 5.78 28.0 ± 4.95 27.4 ± 4.84 <0.001

 < 25 584(27.0) 429(26.7) 95(26.8) 60(30.3)

 25–30 793(36.7) 560(34.9) 147(41.4) 86(43.4)

 ≥ 30 782(36.2) 617(38.4) 113(31.8) 52(26.3)

Race, n(%) 0.002

 Mexican American 317(14.7) 247(15.4) 47(13.2) 23(11.6)

 Other Hispanic 226(10.5) 177(11.0) 35(9.86) 14(7.07)

 Non-Hispanic White 878(40.7) 610(38.0) 165(46.5) 103(52.0)

 Non-Hispanic Black 431(20.0) 344(21.4) 54(15.2) 33(16.7)

Other race 307(14.2) 228(14.2) 54(15.2) 25(12.6)

 Education level, n(%) 0.191

 Less than high school 494(22.9) 364(22.7) 79(22.3) 51(25.8)

 High school 477(22.1) 348(21.7) 75(21.1) 54(27.3)

 Above high school 1188(55.0) 894(55.7) 201(56.6) 93(47.0)

Smoking status, n(%) < 0.001

 Current/former smokers 938(43.4) 650(40.5) 171(48.2) 117(59.1)

 Never smokers 1221(56.6) 956(59.5) 184(51.8) 81(40.9)

Drinking status, n(%) 0.993

 Current/former drinkers 1543(71.5) 1148(71.5) 253(71.3) 142(71.7)

 Never drinkers 616(28.5) 458(28.5) 102(28.7) 56(28.3)

Hypertension, n(%) 911(42.2) 619(38.5) 162(45.6) 130(65.7) < 0.001

Diabetes, n(%) 295(13.7) 199(12.4) 52(14.6) 44(22.2) 0.001

Hypercholesterolemia, n(%) 926(42.9) 656(40.8) 178(50.1) 92(46.5) 0.003

Arthritis, n(%) 646(29.9) 451(28.1) 112(31.5) 83(41.9) < 0.001

eGFR (ml/(min*1.73 m^2)) 89.0 ± 22.5 90.6 ± 22.1 87.1 ± 21.5 79.9 ± 25.0 < 0.001

 < 60 350(16.2) 239(14.9) 58(16.3) 53(26.8)

 ≥ 60 1809(83.8) 1367(85.1) 297(83.7) 145(73.2)

Antihypertensive drugs, n(%) 793(36.7) 528(32.9) 144(40.6) 121(61.1) < 0.001

Hypoglycemic drugs, n(%) 263(12.2) 172(10.7) 52(14.6) 39(19.7) < 0.001

Lipid lowering drugs, n(%) 628(29.1) 420(26.2) 126(35.5) 82(41.4) < 0.001

Vitamin D (nmol/L) 69.1 ± 29.1 67.4 ± 27.9 72.1 ± 28.8 76.7 ± 36.5 < 0.001

Table 1.  Baseline characteristics of study population stratified by AAC severity. Data are presented as 
mean ± SD, median(IQR), or n(%). AAC  abdominal aortic calcification,  BMI body mass index,  eGFR  
estimated glomerular filtration rate.
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to AAC severity and SIRI tertiles. AAC severity was positively associated with adverse outcomes across all 
models. After adjusting for age, sex, race, education level, BMI, smoking status, drinking status, hypertension, 
diabetes, hypercholesterolemia, arthritis, eGFR, antihypertensive medications, hypoglycemic medications, 
lipid-lowering drugs, and vitamin D, participants with severe AAC had an increased risk of both all-cause (Table 
S1: HR = 2.903, 95% CI: 1.855–4.543) and CVD-related death (HR = 4.579, 95% CI: 2.019–10.381) compared to 
those without AAC. Similarly, individuals in the highest SIRI tertile group were at increased risk of all-cause 
(Table S2: HR = 2.077, 95% CI: 1.264–3.411) and CVD-related death (HR = 3.215, 95% CI: 1.253–8.246).

The associations of AAC (Table S3, associations of AAC severity with adverse outcomes accounting for 
competing risks) and SIRI (Table S4, associations of AAC severity with adverse outcomes accounting for 
competing risks) with adverse outcomes were estimated in competing risk model. The magnitude of associations 
was similar in models without competing risks (All-cause death: HRsevere AAC vs. non−AAC = 2.959, 95% CI: 
1.870 ~ 4.683; HRtertile 3 vs. tertile 1 = 2.075, 95% CI: 1.250 ~ 3.445; CVD-related death: HRsevere AAC vs. non−AAC = 
4.085, 95% CI: 1.722 ~ 9.693; HRtertile 3 vs. tertile 1 = 3.279, 95% CI: 1.168 ~ 9.208).

Various Total

SIRI

P valueTertile 1 Tertile 2 Tertile 3

Subject 2159 729 712 718

Age (years) 55.0(47.0–65.0) 55.0(47.0–63.0) 55.0(47.0–65.0) 55.5(48.0–67.0) 0.017

 < 60 1298(60.1) 455(62.4) 430(60.4) 413(57.5)

 ≥ 60 861(39.9) 274(37.6) 282(39.6) 305(42.5)

Sex, n(%) < 0.001

 Male 1031(47.8) 294(40.3) 328(46.1) 409(57.0)

 Female 1128(52.2) 435(59.7) 384(53.9) 309(43.0)

BMI (kg/m^2) 28.6 ± 5.59 27.9 ± 5.51 28.9 ± 5.56 28.9 ± 5.65 < 0.001

 < 25 584(27.0) 239(32.8) 173(24.3) 172(24.0)

 25–30 793(36.7) 252(34.6) 266(37.4) 275(38.3)

 ≥ 30 782(36.2) 238(32.6) 273(38.3) 271(37.7)

Race, n(%) < 0.001

 Mexican American 317(14.7) 103(14.1) 104(14.6) 110(15.3)

 Other Hispanic 226(10.5) 74(10.2) 86(12.1) 66(9.19)

 Non-Hispanic White 878(40.7) 209(28.7) 287(40.3) 382(53.2)

 Non-Hispanic Black 431(20.0) 206(28.3) 121(17.0) 104(14.5)

 Other Race 307(14.2) 137(18.8) 114(16.0) 56(7.80)

Education level, n(%) 0.441

 Less than high school 494(22.9) 169(23.2) 147(20.6) 178(24.8)

 High school 477(22.1) 161(22.1) 165(23.2) 151(21.0)

 Above high school 1188(55.0) 399(54.7) 400(56.2) 389(54.2)

Smoking status, n(%) < 0.001

 Current/former smokers 938(43.4) 267(36.6) 298(41.9) 373(51.9)

 Never smokers 1221(56.6) 462(63.4) 414(58.1) 345(48.1)

Drinking status, n(%) < 0.001

 Current/former drinkers 1543(71.5) 467(64.1) 521(73.2) 555(77.3)

 Never drinkers 616(28.5) 262(35.9) 191(26.8) 163(22.7)

Hypertension, n(%) 911(42.2) 281(38.5) 307(43.1) 323(45.0) 0.038

Diabetes, n(%) 295(13.7) 77(10.6) 103(14.5) 115(16.0) 0.008

Hypercholesterolemia, n(%) 926(42.9) 292(40.1) 325(45.6) 309(43.0) 0.100

Arthritis, n(%) 646(29.9) 195(26.7) 212(29.8) 239(33.3) 0.025

eGFR (ml/(min*1.73 m^2)) 89.0 ± 22.5 92.0 ± 22.1 88.9 ± 22.2 86.1 ± 22.8 < 0.001

 < 60 350(16.2) 117(16.0) 110(15.4) 123(17.1)

 ≥ 60 1809(83.8) 612(84.0) 602(84.6) 595(82.9)

Antihypertensive drugs, n(%) 793(36.7) 241(33.1) 269(37.8) 283(39.4) 0.033

Hypoglycemic drugs, n(%) 263(12.2) 70(9.60) 87(12.2) 106(14.8) 0.011

Lipid lowering drugs, n(%) 628(29.1) 198(27.2) 216(30.3) 214(29.8) 0.362

Vitamin D (nmol/L) 69.06 ± 29.12 68.72 ± 30.85 69.18 ± 28.00 69.28 ± 28.41 0.928

Table 2.  Baseline characteristics of study population stratified by the tertile of SIRI. Data are presented as 
mean ± SD, median(IQR), or n(%). SIRI system inflammation response index,  BMI body mass index, eGFR  
estimated glomerular filtration rate.
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Association of combining AAC severity and SIRI with mortality
The association between the combination of AAC severity and SIRI with all-cause and CVD-related mortality 
was assessed using multivariable Cox models that included both variables. The results demonstrated that AAC 
severity and SIRI remained independently associated with adverse outcomes, even after mutual adjustment (Fig.  
S2, associations of AAC and SIRI with adverse outcomes adjusting for each other). These associations persisted 
when accounting for competing risk factors (Fig.  S3, competing risk associations of AAC and SIRI with adverse 
outcomes adjusting for each other).

Fig. 2.  Kaplan-Meier curves for adverse outcomes stratified by AAC severity or SIRI tertile. (A) All-cause 
death by AAC severity; (B) CVD-related death by AAC severity; (C) All-cause death by SIRI tertile; (D) CVD-
related death by SIRI tertile. AAC  abdominal aortic calcification,  SIRI  systemic inflammation response index,  
CVD  cardiovascular disease.

 

Scientific Reports |        (2025) 15:13421 7| https://doi.org/10.1038/s41598-025-98485-z

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


To further investigate the joint effect of AAC and SIRI, a new variable was created based on the presence of 
AAC and the median SIRI value (Non-AAC & ≤ median-SIRI, Non-AAC & > median-SIRI, AAC & ≤ median-
SIRI, AAC & > median-SIRI). Kaplan-Meier curves revealed that participants with both AAC and high SIRI 
exhibited the highest cumulative risks of all-cause (Fig.  3A, cumulative risks of all-cause mortality across 
combination of AAC and SIRI, log-rank test, P < 0.001) and CVD-related death (Fig. 3B, cumulative risks of 
CVD-related mortality across combination of AAC and SIRI, log-rank test, P < 0.001) compared to the other 
three groups. The HRs for adverse outcomes based on AAC-SIRI groups are shown in Table 3 (joint associations 
of AAC and SIRI with adverse outcomes), indicating that participants with both AAC presence and elevated SIRI 
faced the highest risk of all-cause and CVD-related mortality. This association remained apparent in competing 
risk models (Table S5, joint associations of AAC and SIRI with adverse outcomes accounting for competing 
risks).

Adverse outcomes Model

HRs (95% CIs)

Non-AAC & ≤ med-SIRI Non-AAC & > med-SIRI AAC & ≤ med-SIRI AAC & > med-SIRI

All-cause death

Model 1 1(Ref) 2.064(1.205 ~ 3.536) 3.007(1.712 ~ 5.280) 3.770(2.238 ~ 6.350)

Model 2 1(Ref) 1.931(1.123 ~ 3.318) 2.611(1.474 ~ 4.625) 3.461(2.047 ~ 5.852)

Model 3 1(Ref) 1.868(1.083 ~ 3.222) 2.358(1.312 ~ 4.24) 3.301(1.931 ~ 5.643)

CVD-related death

Model 1 1(Ref) 2.903(0.940 ~ 8.965) 6.361(2.146 ~ 18.854) 8.950(3.231 ~ 24.787)

Model 2 1(Ref) 2.734(0.882 ~ 8.478) 5.501(1.828 ~ 16.554) 8.422(3.021 ~ 23.481)

Model 3 1(Ref) 2.545(0.817 ~ 7.934) 5.209(1.701 ~ 15.952) 7.558(2.640 ~ 21.640)

Table 3.  HRs (95% CIs) of adverse outcomes stratified by combining AAC and SIRI. Model 1: adjusted for 
age, sex and race. Model 2: adjusted for age, sex, race, BMI, education level, smoking status and drinking 
status. Model 3: adjusted for age, sex, race, BMI, education level, smoking status, drinking status, hypertension, 
diabetes, hypercholesterolemia, arthritis, eGFR, antihypertensive drugs, hypoglycemic drugs, lipid lowering 
drugs and vitamin D. HR hazard ratio,  CI confidence interval,  AAC  abdominal aortic calcification,  CVD 
cardiovascular disease, SIRI system inflammation response index, BMI  body mass index,  eGFR estimated 
glomerular filtration rate.

 

Fig. 3.  Kaplan-Meier curves for adverse outcomes stratified by combining AAC and SIRI. (A) All-cause death; 
(B) CVD-related death. AAC  abdominal aortic calcification,  SIRI  systemic inflammation response index,  
CVD  cardiovascular disease.
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Incremental value of adding AAC and SIRI to traditional risk factors on adverse events 
predicting
Time-dependent ROC curves were generated, and AUCs were calculated to assess the predictive power for 
adverse events among models with different predictive variables. As illustrated in Fig.  4 (the comparison of 
AUCs of models including different variables), incorporating AAC enhanced AUCs compared to traditional 
risk factor models. Specifically, for all-cause mortality, the AUC improved from 0.816 to 0.827 at 4 years, from 
0.830 to 0.841 at 5 years, and from 0.812 to 0.819 at 6 years. For CVD-related mortality, the AUC increased from 
0.865 to 0.893 at 4 years, from 0.880 to 0.911 at 5 years, and from 0.867 to 0.884 at 6 years. Similarly, the addition 
of SIRI also enhanced predictive accuracy for adverse outcomes, with improvements for all-cause death (AUC 
from 0.816 to 0.822 at 4 years, from 0.830 to 0.838 at 5 years, from 0.812 to 0.824 at 6 years) and CVD-related 
death (AUC from 0.865 to 0.872 at 4 years, from 0.880 to 0.889 at 5 years, from 0.867 to 0.884 at 6 years). The 
model incorporating both AAC and SIRI demonstrated the most significant improvement in AUCs, indicating 
the highest predictive power for both all-cause and CVD-related mortality.

Subgroup analyses
Analyses according to age, sex, smoking status, hypertension, diabetes, hypercholesterolemia, arthritis and 
eGFR were performed to evaluate the robustness of results, and interaction test was conducted. The positive 
associations of AAC and SIRI with adverse outcomes were consistent in different subgroups, however, a potential 
interaction effect between SIRI and hypercholesterolemia was found (Fig. 5, subgroup analyses and interaction 
test). The association of SIRI with all-cause mortality was stronger in participants without hypercholesterolemia 
(HRtertile 3 vs. tertile 1 = 3.229, 95% CI: 1.597 ~ 6.527) compared with those with hypercholesterolemia 
(HRtertile 3 vs. tertile 1 = 1.218, 95% CI: 0.569 ~ 2.608, p for interaction = 0.044).

Sensitivity analyses
Consistent with the main analyses, the severity of AAC (Table S6, associations of AAC severity with adverse 
outcomes accounting for NHANES design) and SIRI (Table S7, associations of SIRI tertiles with adverse outcomes 
accounting for NHANES design) remained independently associated with death events even when accounting 
for sample weights, clustering, and stratification. This association was also upheld in models excluding subjects 
with follow-up periods shorter than 2 years (AAC: Table S8; SIRI: Table S9, associations of AAC severity and 
SIRI tertiles with adverse outcomes excluding participants with short follow-up periods). Additionally, the 
relationships between AAC-SIRI and adverse outcomes were robust across all sensitivity analyses (Table S10, 

Fig. 4.  AUCs of time dependent ROC curves for adverse outcomes. (A) All-cause death; (B) CVD-related 
death. Traditional risk factors included age, sex, race, BMI, education level, smoking status, drinking status, 
hypertension, diabetes, hypercholesterolemia, arthritis, eGFR, antihypertensive drugs, hypoglycemic drugs, 
lipid lowering drugs and vitamin D. AUCs area under curve,  ROC receiver operator characteristic,  CVD  
cardiovascular disease,  AAC  abdominal aortic calcification,  SIRI  systemic inflammation response index,  
BMI  body mass index,  eGFR  estimated glomerular filtration rate.
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joint associations of AAC and SIRI with adverse outcomes accounting for NHANES design; Table S11, joint 
associations of AAC and SIRI with adverse outcomes excluding participants with short follow-up periods).

Discussion
Our study investigated the individual and combined associations of AAC and SIRI with future mortality in the 
general population. The key findings are as follows: 1.Both severe AAC and elevated SIRI were independently 
associated with an increased risk of all-cause and CVD-related mortality. 2.Individuals with both AAC presence 
and elevated SIRI faced the highest risk of all-cause and CVD-related death, and incorporating these markers 
enhanced the predictive ability of traditional risk factors. These associations remained robust even after 
accounting for competing risks.

Several studies had explored the association of AAC with adverse outcomes33–35. However, most of these 
investigations have been limited to CKD patients or older women at elevated cardiovascular risk, leaving the 

Fig. 5.  Forest plot of HRs (95% CIs) for adverse outcomes from subgroup analyses. Models were 
adjusted for age, sex, race, BMI, education level, smoking status, drinking status, hypertension, diabetes, 
hypercholesterolemia, arthritis, eGFR, antihypertensive drugs, hypoglycemic drugs, lipid lowering drugs and 
vitamin D. *, p value of interaction text for all-cause mortality. &, p value of interaction text for CVD-related 
mortality. Sky blue represents results of AAC. Red represents results of SIRI. CVD  cardiovascular disease,  
AAC  abdominal aortic calcification,  SIRI  systemic inflammation response index,  HR  hazard ratios,  CI  
confidence interval,  eGFR  estimated glomerular filtration rate.
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prognostic value of AAC in the general population less well defined. Peter et al., in a study of 2,515 participants 
from the Framingham Heart Study, identified a significant association between the highest tertile of AAC and an 
increased risk of CVD-related death (HR = 2.26, 95% CI: 1.66–3.09)5. A subsequent observational study reinforced 
these findings, demonstrating that a higher AAC score predicted greater risks of both CVD-related and all-cause 
mortality6. Similarly, another analysis from the Framingham Heart Study affirmed these associations, further 
establishing AAC as a predictor of adverse outcomes7. Our findings align with these prior studies, showing that 
greater AAC severity is independently associated with an elevated risk of all-cause and CVD-related mortality, 
even after adjusting for traditional risk factors. In our cohort, individuals with severe AAC had a 2.903-fold 
higher risk of all-cause mortality and a 4.579-fold higher risk of CVD-related death compared to those without 
AAC, with risk increasing in step with AAC severity. These associations remained consistent across various 
subgroups. Time-dependent ROC curve analysis further demonstrated that incorporating AAC into traditional 
risk models improved predictive accuracy for mortality. Expanding upon previous research, we accounted for 
additional cardiovascular risk factors and employed competing risk models, confirming that AAC remains a 
significant predictor of adverse outcomes. These findings strengthen the evidence supporting AAC as a crucial 
factor in risk stratification within the general population.

SIRI, a marker of systemic inflammation, was initially identified as a predictor of poor prognosis in cancer 
patients16,36,37. More recently, studies have begun to explore its association with CVD38,39. However, evidence on 
the relationship between SIRI and adverse outcomes in the general population remains limited. A cohort study 
in a Chinese population found that individuals in the highest SIRI quartile had an increased risk of all-cause 
mortality compared to those in the lowest quartile (HR = 1.393, 95% CI: 1.296–1.498)40. Similarly, Xia et al., using 
NHANES data, reported that participants with SIRI > 1.43 had a higher risk of both all-cause (HR = 1.39, 95% 
CI: 1.26–1.52) and CVD-related mortality (HR = 1.39, 95% CI: 1.14–1.68) compared to those with SIRI < 0.6841. 
Our study reinforces these findings, demonstrating a 2.077-fold and 3.215-fold increased risk of all-cause and 
CVD-related mortality, respectively, among individuals in the highest SIRI tertile. Subgroup analyses revealed 
similar associations, though a significant interaction was observed between SIRI and hypercholesterolemia. 
Notably, the risk of all-cause mortality associated with high SIRI was more pronounced in participants without 
hypercholesterolemia (HR = 3.229, 95% CI: 1.597–6.527) compared to those with hypercholesterolemia 
(HR = 1.218, 95% CI: 0.569–2.608, p for interaction = 0.044). However, given the observational nature of our 
study and the absence of prespecified subgroups, these interaction findings should be interpreted with caution. 
Further research is needed to confirm and elucidate the underlying mechanisms. Expanding upon previous 
studies, we applied competing risk models to further investigate the association between SIRI and adverse 
outcomes, yielding consistent results. These findings reinforce the prognostic value of SIRI in risk stratification 
within the general population.

Recognizing the limitations of using AAC alone to identify individuals at risk of adverse outcomes—and 
given the established link between inflammation and vascular calcification—our study explored the combined 
impact of AAC and SIRI on clinical prognosis. To our knowledge, this is the first study to classify participants 
based on both metrics. Our findings demonstrate that AAC and SIRI independently predict all-cause and 
CVD-related mortality, with their associations remaining significant even after mutual adjustment. Notably, 
individuals with both AAC and elevated SIRI faced the highest risk. By integrating AAC and SIRI, this study 
provides a novel and more comprehensive approach to risk stratification.

The key strength of this study is that it is the first to assess the combined prognostic value of AAC and 
SIRI—both easily obtainable from routine physical exams—and their potential for risk stratification. Additional 
strengths include its prospective design based on a general population, a representative U.S. sample, and the 
use of competing risk models. However, several limitations should be noted. First, as NHANES includes only 
American adults, the findings may not be generalizable to other populations. Second, residual confounding from 
unmeasured factors cannot be entirely excluded. Lastly, the relatively small sample size and event incidence 
warrant further validation in future studies.

Conclusions
AAC and SIRI were positively associated with the risk of all-cause and CVD-related mortality in the general 
population. Participants with AAC presence and increased SIRI were at high risk of future all-cause and CVD-
related death. Our study provides complementary information for identifying individuals at higher risk, and 
potentially improving risk stratification strategies.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable 
request.
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