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new predictive index of severe
abdominal aortic calcification:

a population-based study
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Xi Yong, Hongshun Yin and Jianghua Zheng”*

Vascular Surgery, Affiliated Hospital of North Sichuan Medical College, Nanchong Sichuan, China

Purpose: Abdominal aortic calcification (AAC) is related to inflammation and
nutritional status. The Naples prognostic score (NPS) is an innovative biological
marker capable of reflecting systemic inflammation and nutritional status. This
research seeks to investigate the correlation of NPS with severe abdominal
aortic calcification (SAAC).

Methods: The research evaluated data obtained from the National Health and
Nutrition Examination Survey (NHANES) conducted between 2013 and 2014.
The variables were filtered utilizing the Least Absolute Shrinkage and Selection
Operator (LASSO) regression. Weighted logistic regression models were
employed to examine the association of NPS with SAAC. The predictive value
of NPS for the risk of SAAC was assessed utilizing the receiver operating
characteristic (ROC) curve. A subgroup analysis was conducted to assess the
strength and reliability of the research findings.

Results: The research encompassed 2,854 participants, among whom 303
(11.87%) exhibited SAAC. The outcomes of multivariate weighted logistic
regression revealed that participants with a NPS of 3—-4 points was positively
correlated with SAAC in comparison to the control group [odds ratio
(OR) =2.07, 95% confidence interval (95%Cl): 1.17-3.67]. The area under the
curve (AUC) for predicting the risk of SAAC using NPS was 0.635. The
subgroup analysis results indicated that there was no significant difference
noted in the association of NPS with SAAC across various population subgroups.
Conclusion: A positive association of NPS with SAAC has been observed in this
research. This study offers valuable insights into the prevention and diagnosis of
SAAC. Future longitudinal studies are warranted to confirm causative
relationships and assess the role of NPS in clinical decision-making for SAAC.

KEYWORDS

Naples prognostic score, abdominal aortic calcification, cardiovascular disease,
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1 Introduction

Vascular calcification (VC) describes the abnormal buildup of different minerals
within the intima or inner layer of blood vessels, involving complex physiological and
pathological processes, including lipid deposition, inflammatory reactions, disorders of
calcium and phosphorus metabolism, and phenotypic changes in vascular smooth
muscle cells (1-3). It is a sign of the development of atherosclerotic plaque (4) and is
closely related to cardiovascular disease (CVD).
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Abdominal calcification (AAC) is a

presentation of VC. The occurrence rate and severity of AAC

aortic frequent
rise with advancing age and are correlated to traditional CV risk
factors (5). Prior research has indicated that AAC serves as an
independent predictor of CV events and death rate, with severe
abdominal aortic calcification (SAAC) having a
predictive effect and impact. AAC has a closer correlation with

stronger

the overall mortality rate of CVD in comparison to coronary
artery calcification (6-8), and it is also related to the prognosis of
vascular disease after surgery (9, 10). In addition, SAAC is a risk
factor for symptomatic or even ruptured abdominal aortic
aneurysms (11). A recent study also found that areas of the aorta
with high levels of calcification are more likely to develop
pseudoaneurysms or aortic ulcers (12). Therefore, in clinical
practice, there is a pressing requirement for cost-effective,
straightforward, and readily available markers for early detection
and routine screening to prevent and alleviate AAC.

Malnutrition and inflammation are closely related to VC (13).
Current research suggests that some inflammatory indicators are
associated with the severity of AAC, involving systemic immune-
inflammation index (SII) (14), pan-immune-inflammation value
(PIV) (15), and monocyte-to-lymphocyte ratio (MLR) (16).
Reduced expressions of serum albumin (SA) and total cholesterol
(TC) are linked to CVD and peripheral vascular disease (PVD)
(17, 18). Currently, limited research has been conducted to
investigate the correlation of dietary inflammatory index with
CVD. The Naples prognostic score (NPS) is a comprehensive
index derived from SA, TC, lymphocyte to monocyte ratio
(LMR), and neutrophil to lymphocyte ratio (NLR) proposed by
Galizia et al. (19) It has been proven to be a novel prognostic
indicator for various cancers. NPS is also recognized as an
independent predictive factor of all-cause death rate in
individuals with myocardial infarction and heart failure (20, 21),
and is closely correlated to mortality and amputation rates after
PAD revascularization (22).

It is important to highlight that there is currently a lack of
research on the association of NPS with AAC. Hence, a cross-
sectional analysis was undertaken utilizing data from the National
Health and Nutrition Examination Survey (NHANES) spanning
from 2013 to 2014. This study is novel in its exploration of the
association between NPS and SAAC. While NPS has been
previously utilized as a prognostic marker in various conditions,
its role as a predictive index for SAAC has not been investigated.
This analysis aims to bridge this gap, offering a novel biomarker
for the early diagnosis and prevention of SAAC.

2 Methods
2.1 Data source and study population

NHANES, administered by the National Center for Health
Statistics (NCHS), is an ongoing, comprehensive cross-sectional
survey designed to assess the health and nutritional condition of
both children and adults across the United States (23). The
NHANES 2013-2014 cohort containing AAC data was adopted.
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Altogether 10,175 individuals completed the survey, including
participants aged 40 and above who underwent AAC evaluation.
Altogether 3,005 participants with valid information on AAC
and NPS were included in this study. Following the exclusion of
151 participants due to missing covariate data, incorporating
smoking, waist circumference, body mass index (BMI), blood
2,854
participants were ultimately enrolled in this research. The

biochemical parameters, and other comorbidities,
detailed procedure of screening research data is depicted in
Figure 1. All data were available at the official website (https://
The

received endorsement from the NCHS Research Ethics Review

www.cdc.gov/nchs/nhanes). research methodology has
Committee, with all participants duly submitting informed
consent documentation (14).

2.2 SAAC assessment

The state of AAC was assessed through lateral scanning of the
lumbar spine employing dual-energy x-ray absorptiometry (DXA)
and quantified utilizing the Kauppila scoring system. The system,
which spans from 0 to 24 points, partitions the anterior and
posterior walls of the aorta into four segments aligned with the
lumbar vertebrae L1-L4. Distinct scores (ranging from 0 to 6
points) were assigned to each region based on the proportion of
with  higher
calcification (24). The principal outcome variable under scrutiny in

calcification, scores indicating more obvious
this study was SAAC. Based on previous relevant research, an AAC
score of >6 was determined as SAAC (25-28). Comprehensive
information regarding the assessment of AAC can be found at

https://wwwn.cdc.gov/Nchs/Nhanes/2013-2014/DXXAAC_H.htm.

2.3 NPS assessment

The NPS was derived from a computation involving four key
indicators: SA, TC, LMR, and NLR. Each of the following
criteria was assigned a score of 1: SA level<40g/L, TC
level <180 mg/dl, NLR >2.96, and LMR <4.44. The cumulative
score was determined by adding up the individual scores from
these indicators (19). According to previous studies (29), patients
were categorized into three cohorts according to their NPS value:
Group 0 comprising individuals with a total score of 0, Group 1
with a total score ranging from 1 to 2, and Group 2 with a total
score between 3 and 4.

2.4 Relevant covariates

The relevant covariates included demographic data, testing
data, laboratory indicators, smoking status, and comorbidities.
Demographic variables encompassed age, sex, race, and
educational background; Testing data encompassed BMI (kg/m?)
and waist circumference (cm); Laboratory indicators included
urinary albumin to creatinine ratio (mg/g), serum calcium
(mmol/L), (mmol/L), acid

serum phosphorus blood wric
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Participants of NHANES
from 2013-2014
(n=10175)
Missing data on AAC
(n=7035)
A 4
AAC available
(n=3140)
Excluded incomplete
data of NPS
(n=135)
\ 4
Participants with AAC &
NPS data
(n=3005)
Excluded incomplete data
> of covariates
(n=151)
A 4
Included participants
(n=2854)
FIGURE 1
Flowchart of participants selection from NHANES. NHANES, National Health and Nutrition Examination Survey; AAC, abdominal aortic calcification;
NPS, Naples prognostic score

(umol/L), hemoglobin (g/dl), erythrocyte distribution width (%),
platelets, glycosylated hemoglobin (%), vitamin D (nmol/L), and
vitamin BI12 (pmol/L); Comorbidities included hypertension,
diabetes, hypercholesterolemia, kidney stones, arthritis, gout,
cancer and osteoporosis. A detailed description of these
covariates is available at https://wwwn.cdc.gov/nchs/nhanes/

continuousnhanes/default.aspx?BeginYear=2013.

2.5 Statistical analysis

Continuous variables’ normality was assessed utilizing the
Shapiro-Wilk test, revealing that none of the continuous
variables in this research followed a normal distribution.

Therefore, median and interquartile range (IQR) were employed
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to describe continuous variables, whereas counts and percentages
were adopted for categorical variables. Non-normally distributed
continuous variables were assessed utilizing the Mann-Whitney
U test.
employing either the chi-square test or Fisher’s exact test.
Relevant variables were filtered utilizing the Least Absolute

Categorical variable comparisons were conducted

Shrinkage and Selection Operator (LASSO) regression technique.
The association of NPS with SAAC was assessed utilizing a
multivariate weighted logistic regression model, with the outcomes
presented as odds ratio (OR) and 95% confidence intervals (ClIs).
Model 1 did not incorporate any adjusted covariates. Age, smoking,
and BMI were adjusted in model 2. In Model 3, covariates such as
hypertension, diabetes, tumor and hypercholesterolemia were
adjusted on the basis of model 2. The ROC curve was utilized to
assess the predictive capacity of NPS regarding the risk of SAAC.
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The area under the ROC curve (AUC) was calculated along with 95%
confidence intervals (CI), and thresholds for sensitivity and specificity
were also determined. AUC values > 0.5 were considered indicative
of diagnostic utility, with statistical significance set at P <0.05. The
stability of the association between NPS and SAAC was evaluated
by subgroup analysis of gender, age, educational level, smoking,
diabetes, hypertension, tumor, hypercholesterolemia, kidney stones,
arthritis, gout, and osteoporosis. In addition, an interaction test was
performed to assess the diversity in correlations among subgroups.
All statistical analyses were conducted utilizing R software (V4.3).
A two-sided P-value of less than 0.05 was deemed the threshold for
statistical significance.

3 Results
3.1 Baseline features

Table 1 displays the baseline attributes of the participants.
Altogether 2,854 individuals were finally enrolled in this study,
including 1,375 (48%) men and 1,479 women (52%), and 1,231
(38%) patients >60 years old. Race was categorized into Mexican
Americans (6.9%), non-Hispanic whites (71%), non-Hispanic
blacks (9.7%), and other races (12%). About 303 participants had
SAAC (11.87%). The median serum values of NLR, LMR, SA, and
TC were 2.06 [IQR: 1.55, 2.71], 3.50 [IQR: 2.78, 4.50], 43 [IQR:
41, 44] g/L, and 193 [IQR: 166, 221] mg/dl, respectively. Patients
were grouped according to NPS, with 485 participants divided
into Group 0 (0 points), 1,961 participants divided into Group 1
(1-2 points), and 408 participants divided into Group 2 (3-4
points). Compared with the participants without severe AAC,
individuals in the SAAC group exhibited advanced age, elevated
NPS values, a higher prevalence of smoking, and were more prone
to conditions such as hypertension, diabetes, hypercholesterolemia,
arthritis, cancer, and osteoporosis, had lower BMI, hemoglobin,
and platelets, and a higher value of urinary albumin to creatinine
red blood cell distribution width,
glycosylated hemoglobin, vitamin D, and vitamin B12.

ratio, blood wuric acid,

3.2 LASSO regression evaluation for variable
filtering

To identify confounders that affect the incidence rate of SAAC,
in addition to NPS and its indicators (NLR, LMR, SA and TC),
LASSO regression evaluation was conducted on the covariates,
and a 10-fold cross-validation was performed. The “lambda. 1se”
was employed for variable selection, resulting in the final
selection of seven feature variables: age, BMI, smoking, diabetes,
hypertension, cancer, and hypercholesterolemia (Figure 2).

3.3 Relationship between NPS and SAAC

The relationship between NPS (both as a continuous and a
categorical variable) and SAAC is detailed in Table 2. Following
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adjustment for potential confounders (Model 3), NPS exhibited a
statistically significant positive correlation with SAAC when it
was a continuous variable (OR=1.24, 95% CI=1.08, 1.43,
P=0.009). When NPS was treated as a categorical variable,
NPS=0 was established as the reference group. As for the
unadjusted model, compared with Group 1, Group 2 was
positively correlated with SAAC (OR =3.59, 95% CI =2.04, 6.32);
Even after additional adjustments for age and BMI in model 2,
Group 2 still showed a significant positive correlation with SAAC
compared to Group 1 (OR=2.21, 95% CI=1.32, 3.71); Upon
accounting for all potential confounders including age, BMI,
smoking, diabetes, hypertension, cancer and hypercholesterolemia
in model 3, this correlation still had statistical significance
(OR =2.07, 95% CI = 1.17, 3.67).

3.4 The predictive performance of NPS
for SAAC

The ROC curve was employed to test the predictive efficacy
of NPS for SAAC, with the findings depicted in Figure 3. The
optimal critical value for NPS prediction of SAAC was 1.5,
with specificity and sensitivity of 0.60 and 0.63, respectively.
The area under the curve (AUC) was 0.635, with a 95%
confidence interval of 0.603-0.666, and P <0.001, indicating
that NPS had a modest but statistically significant predictive
effect on SAAC.

3.5 Subgroup analysis

To assess the reliability of the link between NPS and SAAC
within specific populations and find out potential different
populations, subgroup analysis and interaction tests were
carried out based on sex, age, educational level, smoking,
diabetes,
stones, arthritis, gout and osteoporosis. Notably, NPS exhibited a

hypertension, cancer, hypercholesterolemia, kidney
more pronounced association with the risk of SAAC in women,
people >60 years old, people with high school education or above,
with

hypercholesterolemia and tumors, and people without arthritis,

people with  hypertension and diabetes, people
gout and osteoporosis. However, the P-value from the interaction
test exceeded 0.05 across all subgroups, without statistical
significance, indicating that the association between NPS and
SAAC did not depend on gender, age, educational level, smoking,
diabetes, hypertension, cancer, and hypercholesterolemia. The
subgroup analysis findings suggested that no notable variations
were observed in this positive correlation among different

population stratifications (Figure 4).

4 Discussion

The study utilized extensive and representative data sourced
from the NHANES database, encompassing the U.S. population
from 2013 to 2014. To date, our study has explored for the first
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TABLE 1 Baseline characteristics of the study population by categories of SAAC.

Characteristic

All (n = 2,854)

Without SAAC (n = 2,551)

10.3389/fcvm.2025.1545927

With SAAC (n =303)

P-value

Male, n (%) 1,375 (48%) 1,228 (49%) 147 (45%) 0.493
Age, n (%)
<60 1,623 (62%) 1,571 (67%) 52 (18%) <0.001
>60 1,231 (38%) 980 (33%) 251 (82%)
Race, n (%)
Mexican American 377 (6.9%) 349 (7.2%) 28 (4.5%) 0.020
Non-Hispanic White 1,268 (71%) 1,078 (71%) 190 (79%)
Non-Hispanic Black 535 (9.7%) 498 (10.0%) 37 (6.4%)
Other Race 674 (12%) 626 (12%) 48 (9.8%)
Education categories, n (%)
<High school diploma 638 (15%) 563 (14%) 75 (20%) 0.047
High school diploma 643 (22%) 565 (21%) 78 (26%)
>high school diploma 1,573 (63%) 1,423 (64%) 150 (54%)
Smoking, n (%)

Never 1,550 (54%) 1,426 (56%) 124 (40%) 0.002

Former 781 (28%) 663 (27%) 118 (41%)

Current 523 (17%) 462 (17%) 61 (20%)
BMI (kg/mz) 27.9 (24.7, 31.8) 28.0 (24.6, 32.0) 26.8 (24.7, 29.9) 0.015
WC (cm) 100 (90, 109) 100 (90, 109) 98 (92, 107) 0.360
Hypertension, n (%) 1,329 (43%) 1,112 (41%) 217 (69%) <0.001
Diabetes, n (%) 486 (14%) 395 (12%) 91 (27%) <0.001
High cholesterol, n (%) 1,344 (49%) 1,154 (47%) 190 (65%) <0.001
Kidney stones, n (%) 312 (12%) 278 (12%) 34 (10%) 0.480
Arthritis, n (%) 966 (36%) 831 (34%) 135 (48%) <0.001
Gout, n (%) 145 (5.6%) 121 (5.5%) 24 (6.2%) 0.643
Cancer, n (%) 359 (15%) 284 (13%) 75 (30%) <0.001
Osteoporosis, 1 (%) 233 (8.1%) 184 (7.3%) 49 (16%) 0.002
ACR (mg/g) 7 (5.13) 7 (5.12) 12 (7.26) <0.001
Serum calcium (mmol/L) 2.35 (2.30, 2.43) 2.35 (2.30, 2.43) 2.38 (2.30, 2.43) 0.090
Serum phosphorus (mmol/L) 1.23 (1.10, 1.36) 1.23 (1.10, 1.36) 1.26 (1.13, 1.36) 0.073
SUA (umol/L) 315 (262, 375) 315 (262, 369) 327 (280, 387) 0.008
Hemoglobin (g/dl) 14.10 (13.30, 15.00) 14.20 (13.30, 15.10) 13.90 (12.70, 14.70) 0.033
RDW (%) 13.40 (13.00, 14.00) 13.40 (13.00, 13.90) 13.60 (13.10, 14.20) <0.001
Platelet count 225 (192, 265) 225 (192, 267) 217 (178, 256) <0.001
Glycohemoglobin 5.50 (5.30, 5.90) 5.50 (5.30, 5.80) 5.90 (5.50, 6.40) <0.001
Total 25-hydroxyvitamin D (nmol/L) 72 (56, 91) 71 (55, 90) 80 (64, 96) 0.002
Vitamin B12 (pmol/L) 381 (284, 530) 378 (283, 525) 420 (302, 596) 0.031
NLR 2.06 (1.55, 2.71) 2.05 (1.54, 2.68) 2.33 (1.65, 3.14) 0.003
LMR 3.50 (2.78, 4.50) 3.50 (2.80, 4.50) 3.00 (2.33, 4.00) <0.001
SA (g/L) 43 (41, 44) 43 (41, 45) 42 (40, 44) 0.097
TC (mg/dl) 193 (166, 221) 195 (167, 222) 181 (161, 210) 0.011
NPS group
0 485 (15%) 462 (16%) 23 (8.0%) 0.003
1-2 1,961 (71%) 1,759 (72%) 202 (69%)
3-4 408 (13%) 330 (12%) 78 (23%)

SAAGC, severe abdominal aortic calcification; BMI, body mass index; WC, waist circumference; ACR, albumin creatinine ratio; SUA, serum uric acid; RDW, red cell distribution width; NLR,
neutrophil to lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; SA, serum albumin; TC, total cholesterol; NPS, Naples prognostic score.

Continuous variables without a normal distribution are presented as medians [interquartile ranges]. Categorical variables were shown as numbers and percentages (%).

time the relationship between NPS and SAAC. The research results
indicate a positive correlation between NPS and SAAC. After
adjusting for relevant confounders, the incidence of SAAC
increased by 24% for every 1 point increase in NPS. In
comparison to the control group, the incidence of SAAC was
higher when NPS was 3-4 points [OR: 2.07 (1.17-3.67)]. The
subgroup analysis showed that the results were robust. Due to
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the cost-effectiveness, convenience, and easy access of NPS, it can
provide potential application value for clinical diagnosis of
SAAC. These findings hold promise for future investigations into
the association of NPS with AAC.

VC usually occurs in coronary arteries, lower extremity arteries,
aorta and its branches. AAC is a marker of advanced
atherosclerosis, which can more directly assess vascular injury
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variable selection.

Characteristics screening for SAAC prediction by lasso regression. (A) Regression coefficient profile diagram. Each curve represents the change
trajectory of each characteristic coefficient. (B) Cross-validation curve of Lasso regression. Each red dot represents the Mean Squared Error (MSE)
for each value of 1. The ordinate shows the coefficient values, while the upper abscissa indicates the number of non-zero coefficients in the
model, and the lower abscissa displays the logarithmic value of the regularization parameter 1. The dashed line on the left indicates the minimum
2 value, while the dashed line on the right indicates the A value with one standard error. For SAAC prediction, we used the lambda.lse for
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TABLE 2 Association between NPS and SAAC.

Model 1

P-value

Model 2

Model 3

P-value P-value

OR (95% CI)

OR (95% Cl)

OR (95% CI)

NPS* 1.51 (1.30, 1.74) <0.001 1.33 (1.17, 1.50) <0.001 1.24 (1.08, 1.43) 0.009
NPS**

0 - - - - - -
1-2 1.92 (0.98, 3.79) 0.058 1.55 (0.78, 3.08) 0.2 1.70 (0.78, 3.68) 0.14
3-4 3.59 (2.04, 6.32) <0.001 221 (1.32, 3.71) 0.006 2.07 (1.17, 3.67) 0.022

NPS, Naples prognostic score; SAAC, severe abdominal aortic calcification; BMI, body mass index; NPS*, NPS as a continuous variable; NPS**, NPS as a categorical variable; OR, odds ratio;

CI, confidence interval.

Model 1: no covariate was adjusted.

Model 2: Adjust for age, BMI, smoke.

Model 3: Adjust for age, BMI, smoking, hypertension, diabetes, high cholesterol, cancer.

and more accurately reflect the potential atherosclerotic burden. It
stands out as a robust predictor of CV adverse events and death,
surpassing the Framingham risk score (6, 7, 30). In addition,
AAC has the potential to modify the local mechanical and
hemodynamic properties of blood vessels (31), increase the peak
wall stress of abdominal aortic aneurysm (AAA), reduce its
biomechanical stability, increase the risk of aortic ulcer,
aneurysm rupture, and dissection progression, and impacts the
extended-term survival following endovascular repair of
abdominal aneurysm (EVAR) (10-12). Given the potential
adverse effects of AAC, early and timely diagnosis and
corresponding measures to prevent the progression of AAC are
particularly important.

Nutritional status and inflammation levels are correlated with

atherosclerotic CVD (32, 33). Systemic inflammation could result

Frontiers in Cardiovascular Medicine

in alterations in neutrophil, lymphocyte, monocyte, and platelet
levels. Recent cross-sectional research from NHANES has
demonstrated the correlation between several inflammatory
biomarkers and SAAC (14-16). there

scarcity of research investigating the connection among

Nevertheless, is a
malnutrition, inflammation, and AAC (13). Increased levels of
serum high-sensitivity C-reactive protein (hs-CRP) and
reduced SA are autonomous indicators of AAC progression
across hemodialysis patients. NPS is a novel comprehensive
indicator based on four indicators including SA, TC, LMR,
and NLR, which
inflammatory condition of participants. Following its initial

reflects the nutritional and systemic
introduction as a biomarker, research on NPS has mainly
focused on its diagnostic and prognostic value for tumors. For
NPS has been demonstrated to

example, serve as an
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FIGURE 3
ROC curve assesses the predictive value of NPS for SAAC. The area
under the curve (AUC) is 0.635 (95% Cl = 0.603-0.666), P<0.001.
The specificity and sensitivity of the model were 0.60 and 0.63
respectively. NPS, Naples prognostic score; SAAC, severe
abdominal aortic calcification

autonomous risk factor for the extended-term survival of breast
cancer patients receiving neoadjuvant chemotherapy (34),
hepatocellular carcinoma patients receiving hepatectomy (35),
metastatic colorectal cancer and (36) lung cancer patients (37).
In addition, NPS can predict the all-cause death rate within 30
days in individuals diagnosed with acute pulmonary embolism
(38) and is correlated to the prognosis of CVD (myocardial
infarction, heart failure) and PAD after revascularization
(20-22, 39). An in NPS suggests the
progression and poor prognosis of various diseases, which is

increase levels
consistent with our research findings.
Neutrophils mediate inflammatory reactions through a
variety of biochemical mechanisms, such as promoting platelet
aggregation and adhesion, secreting inflammatory mediators,
and releasing arachidonic acid derivatives, cytotoxic oxygen
free  radicals and  proteolytic  enzymes  (including
myeloperoxidase, elastase and acid phosphatase) to make
plaque more vulnerable, which is positively related to
atherosclerosis burden and ischemic status (40). Inflammation
can also increase lymphocyte apoptosis, and a reduced
lymphocyte count suggests a compromised immune response,
linked to more severe CVD outcomes (22). Monocytes are
recruited and develop into macrophages in the early stage of
atherosclerosis. Macrophages and activated lymphocytes
exhibit high expression of SPP1 (secreted phosphoprotein-1 or
osteopontin) within atherosclerotic plaques, thereby fostering
the development of fat stripes and plaques while contributing
to the calcification procedure in atherosclerotic plaques (41).
Therefore, a decrease in LMR and an increase in NLR may

suggest more severe inflammatory responses and VC.
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Nutritional status can alter the metabolic state of tissues and
play a crucial role in disease progression, which is associated
with inflammation and CVD (42, 43). A recent study (44) has
found that hs-CRP and low-density lipoprotein cholesterol can
predict the likelihood of CV events and death, and the risk of
atherosclerosis can be reduced through active combination of

lipid-lowering and anti-inflammatory therapy. SA serves
various physiological roles, such as antioxidant, anti-
inflammatory, anticoagulant, and anti-platelet aggregation

activities. It regulates immune response, prevents endothelial
cell apoptosis, dilates blood vessels, and safeguards tissues
from ischemic injury. Reduced serum albumin levels have been
linked to heart heart
fibrillation, stroke, PAD, and venous thromboembolism, and
are an independent risk factor (45-48). Cheng et al. (17)
found that SA levels equal to or greater than 3.75g/dl at

ischemic disease, failure, atrial

admission had a correlation with a reduction in long-term CV
mortality, encompassing deaths from ischemic heart disease,
congestive heart disease, and stroke. Lower SA levels can serve
as predictors of unfavorable cardiac events (myocardial infarction,
percutaneous coronary intervention and coronary artery bypass
surgery, individuals ~ with
atherosclerosis (47, 49). In addition, PAD patients with lower
levels of SA and TC have an increased long-term mortality rate

and mortality) in advanced

after receiving endovascular treatment (18).

A single inflammatory or nutritional biomarker may not be
SAAC. NPS
biomarkers that mirror the nutritional and immune condition

sufficient to evaluate integrates multiple
of patients, making it a more comprehensive indicator than a
single inflammatory or nutritional marker. The decrease in SA,
TC, and NLR levels, as well as the elevation in LMR levels, are
correlated to an increase in NPS, indicating more severe
inflammatory reactions and poorer nutritional conditions in
patients. This could explain why elevated NPS is positively
correlated with SAAC.

There are several significant strengths in this study. First of
all, to the best of our understanding, this study is pioneering in
offering insights into the association of NPS with SAAC. In
addition, we have incorporated a population-based study that
is nationally representative to bolster the generalizability and
inclusiveness of our research outcomes. Moreover, we have
performed LASSO regression analysis to exclude potential
confounders from the results. Finally, the subgroup analysis
has shown that the results are robust. Furthermore, the
limitations of this study must be acknowledged. First of all,
given the cross-sectional analysis design, establishing a causal
association of NPS with SAAC is

longitudinal studies and randomized controlled trials are

not feasible. Future
imperative to validate this association. Secondly, owing to
constraints within the database, we could not encompass data
on all covariates influencing AAC and dietary inflammation
levels. Third, only data on the population of the United States
are collected in our database, which may only apply to a
limited number of people. Therefore, further prospective and
multi-center studies are essential to validate this finding.
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Subgroup N SAAC OR(95%Cl) P value P for interaction
Gender ! 0.49
Male 1375 | -1 :1.10(0.74,1.64) 0.6
Female 1479 i —=— :1.37(1.14,1.65) 0.005
Age i 0.21
<60 1623 ; — = 0.84(0.48,1.46) 0.5
>=60 1231 i —=— 1.37(1.15,1.64) 0.003
Education categories ; 0.41
<High school diploma 638 ! +=— 11.22(0.86,1.74) 0.2
High school diploma 643 | —=— 1.07(0.71,1.63) 0.7
>high school diploma 1573 —=— 1.35(1.11,1.66) 0.01
Smoking : 0.2
Never 1550 ; —=— :1.37(1.14,1.64) 0.004
Former 781 i = 1.39(0.97,2.00) 0.067
Current 523 1 —=— 0.90(0.64,1.28) 0.5
Diabetes 0.1
No 2368 | [ 1.10(0.94,1.29) 0.2
Yes 486 i —=> 1.66(1.18,2.34) 0.01
Hypertension i 0.67
No 1525 | +=—  1.12(0.87,1.44) 0.3
Yes 1329 i - 1.29(1.11,1.50) 0.006
Cancer | 0.22
No 2495 i = 1.13(0.99,1.30) 0.69
Yes 359 i —=—> 1.50(1.02,2.22) 0.042
High cholesterol ; 0.18
No 1510 | —— 1.04(0.79,1.38) 0.8
Yes 1344 | —=— 1.38(1.19,1.60) 0.001
Kidney stones i 0.22
No 2542 i - 1.22(1.08,1.38) 0.007
Yes 312 +—=— 1.63(0.85,3.13) 0.12
Arthritis ; 0.97
No 1858 | il 1.22(1.03,1.45) 0.03
Yes 996 i —=— 1.28(1.00,1.63) 0.048
Gout f 0.436
No 2709 ; - 1.27(1.09,1.48) 0.008
Yes 145 | —=—> 1.26(0.69,2.31) 04
Osteoporosis i 0.38
No 2621 ; - 1.22(1.03,1.44) 0.028
Yes 233 +—=— 1.37(0.87,2.17) 0.14
005115 2
FIGURE 4
Subgroup analysis for the association between NPS and SAAC. Adjusted for age, BMI, smoking, diabetes, hypertension, cancer, high cholesterol. NPS,
Naples prognostic score; SAAC, severe abdominal aortic calcification; BMI, body mass index; OR, odds ratio; Cl, confidence interval.
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5 Conclusion

To sum up, our study has found that an increase in NPS is
positively correlated with the incidence of SAAC. The NPS may
hold potential value in clinical practice for the identification and
prevention of SAAC. Further exploration is needed in the future
to confirm the association between the two and elucidate its
potential mechanisms.
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