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Objective: The association between serum uric acid (sUA) and incident abdominal aortic calcification (AAC), and severe abdominal 
aortic calcification (SAAC) in the general population of the United States (US) is unclear. Therefore, this research aimed to investigate 
the association between sUA and the risk of AAC and SAAC.
Methods: Individuals from National Health and Nutrition Examination Survey (NHANES) database were analyzed cross-sectionally 
between 2013 and 2014. The restricted cubic spline (RCS), multivariable logistic regression model and subgroup analysis were utilized 
to evaluate the correlation between sUA and incident AAC, and SAAC. In addition, generalized additive models with smooth 
functions were employed to survey the relationship between sUA and the degree of AAC.
Results: This study included 3016 individuals from the NHANES database. According to the RCS plot, sUA levels were associated 
with the risk of AAC/SAAC in a U-shaped pattern in the US population. The degree of calcification decreased at first and then 
increased with the increase in the sUA level.
Conclusion: Close monitoring and adequate control of sUA levels in the US general population may reduce the risk of AAC and 
SAAC.
Keywords: abdominal aortic calcification, serum uric acid, cross-sectional study, China, United States

Introduction
The abnormal buildup of minerals, such as calcium and phosphate, in blood vessels is called vascular calcification (VC).1 

Calcification of any arterial bed could result in cardiovascular disease (CVD) morbidity and even death; moreover, CT is 
the standard for assessing VC.2 VC is a systemic process, and abdominal aortic calcification (AAC) is linked to 
calcification and subclinical atherosclerosis in other vascular beds.3–5 Dual-energy X-ray absorptiometry (DXA), 
a technique commonly used to assess bone density and body composition, can be used to measure AAC.6 Coronary 
artery calcification (CAC) has been shown to predict CVD morbidity and mortality independently of traditional CVD risk 
factors.7–11 Additionally, AAC is a subclinical atherosclerosis marker and a predictor of subsequent vascular-associated 
morbidity and mortality.12 Previously, VC primarily focused on CAC, but recently, AAC has received a lot more 
attention.13

Serum uric acid (sUA), the end product of purine metabolism, has been linked to several metabolic 
abnormalities and coronary artery disease.14 The glomerular filtration rate excretes the majority of the sUA. 
The glomerular filtration rate is reduced in patients with renal insufficiency, such as chronic kidney disease, 
resulting in decreased uric acid excretion and elevated sUA.15 Recent studies have linked high sUA to gout and 
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CVD.16 According to studies, high sUA is linked to nondripping blood pressure, myocardial infarction, and 
mortality due to CVD.17 Increased sUA levels are linked to increased oxidative stress and inflammation. Several 
studies have allied elevated sUA levels to hypertension, atherosclerosis, renal disease, obesity, insulin resistance, 
and dyslipidemia.18 In addition to aggravated lipid metabolism disorders, elevated sUA can result in high levels 
of low-density lipoprotein cholesterol.19 However, research into the relationship between sUA and AAC is 
currently limited. Therefore, this study analyzed the data from the National Health and Nutrition Examination 
Survey (NHANES) between 2013 and 2014 to explore the link between sUA and risk of AAC and severe AAC 
(SAAC) in the US general population.

Materials and Methods
Study Population
The NHANES is a study of the general public’s health and diet undertaken annually by the National Center for 
Health Statistics (NCHS). The NHANES data from 2013 to 2014 were included in this study. This database 
comprised cross-sectional socio-demographic, nutritional, and medical information gathered through question-
naires, regular physical exams, and laboratory testing.20 Furthermore, AAC data for 3708 participants were 
available. After excluding participants with missing sUA data (n = 124), 3016 participants were included in 
this analysis. The study was approved by the NCHS Ethics Review Board. Each participant provided informed 
written permission.

Assessment of sUA
Eligible participants were 12 years of age and older. Using a timed endpoint method, the DxC800 measured uric acid 
concentrations in serum, plasma, and urine. Allantoin and hydrogen peroxide result from the oxidation of sUA by 
uricase. In a reaction catalyzed by peroxidase, hydrogen peroxide reacts with 4-aminoantipyrine and 3, 5-dichloro- 
2-hydroxybenzene sulfonate (DCHBS) to produce a colored product. At a fixed time interval, the system monitors the 
change in absorbance at 520 nm. Absorbance changes in uric acid samples are directly proportional to concentration. 
Detailed laboratory procedure manuals of the methods are given in the Laboratory Method Files section (https://wwwn. 
cdc.gov/Nchs/Nhanes/2013-2014/BIOPRO_H.htm#LBXSUA).

AAC Measurement
DXA (Densitometer Discovery A, Hologic, Marlborough, MA, USA) was performed on the lumbar spine (vertebrae L1– 
L4), and the Kauppila score system was utilized to obtain and quantify AAC.21,22 DXA scans were executed by trained 
and certified radiology technologists at the NHANES mobile examination center. Higher AAC scores indicated SAAC. In 
this study, the Kauppila scores ranged from 0 to 24, with a score >6 demonstrating significant calcification and classified 
as SAAC.23–25 A detailed description of AAC measurements is available at https://wwwn.cdc.gov/Nchs/Nhanes/2013- 
2014/DXXAAC_H.htm.

Covariates
The following covariates were included in the study: age, sex, race/ethnicity, family poverty income ratio (PIR), 
marital status, education level, the complication of hypertension, diabetes mellitus (DM), smoking status, alcohol 
consumption status, physical activity (PA), body mass index (BMI), waist circumference, mean energy intake, 
dietary phosphorus and calcium intake, hemoglobin (Hb), fast glucose (FBG), glycohemoglobin (HbA1c), aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), total bilirubin, gamma-glutamyl transferase (GGT), blood 
urea nitrogen (BUN), serum creatinine (Scr), estimated glomerular filtration rate (eGFR), serum phosphorus and 
calcium, total cholesterol (TC), triglyceride (TG), and high-density lipoprotein-cholesterol (HDL-C). The following 
data were self-reported by participants during the home interview: age, sex, race/ethnicity, marital status, education 
level, smoking status, alcohol consumption status, and dietary intake. Furthermore, data including Hb, FBG, HbA1c, 
AST, ALT, total bilirubin, GGT, BUN, Scr, eGFR, serum phosphorus and calcium, TC, TG, and HDL-C were 
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obtained from the laboratory tests. A detailed description of the variables used in this research is available at https:// 
www.cdc.gov/nchs/nhanes/.

Statistical Analysis
All analyses were conducted using Stata version 14.0 (Stata Corporation, College Station, TX, USA) and R version 
4.2.0 (R Foundation for Statistical Computing, Vienna, Austria). The “mice” package was used for multiple 
imputations on samples with missing covariate data. The sUA levels were categorized into quartiles, and the lowest 
quartile served as the reference group (Q1). When calculating all estimates, we accounted for the NHANES sample 
weights. Results for continuous variables were reported as mean (standard deviation), and categorical variables were 
expressed as numbers and numbers (%). The significance of differences was determined via weighted linear 
regression models for the continuous variables and weighted chi-square tests for the categorical variables. 
A weighted multiple-regression model was used to examine the relationship between sUA levels and the risk of 
AAC and SAAC. Model 1 was adjusted for age and sex. Model 2 was adjusted for model 1 variables and race/ 
ethnicity, marital status, education level, family PIR, smoking status, alcohol consumption status, the complication 
of hypertension, and DM. Finally, model 3 was adjusted for model 2 variables plus PA, BMI, waist circumference, 
mean energy intake, dietary phosphorus and calcium intake, Hb, FBG, HbA1c, AST, ALT, total bilirubin, GGT, 
BUN, Scr, eGFR, serum phosphorus and calcium, TC, TG, and HDL-C, as the final model. A P-value <0.05 was 
regarded as statistically significant.

Results
Baseline Characteristics
Weighted socio-demographic and medical characteristics are described in Table 1. The prevalence of AAC and SAAC 
was 30.1% and 10.8%, respectively. According to the sUA quartiles (Q1: 0.7–4.5 mg/dL, Q2: 4.6–5.4 mg/dL, Q3: 5.5– 
6.3 mg/dL, and Q4: 6.4–11.3 mg/dL), the individuals were divided into four groups. There were significant differences in 

Table 1 Characteristics of the Study Population Based on sUA Quartiles

sUA Total Q1 Q2 Q3 Q4 P-value

Age, years 58.19 ± 0.50 57.30 ± 0.69 58.30 ± 0.81 57.86 ± 1.09 59.34 ± 0.87 0.272
Sex, % < 0.001

Male 1454 (48.2%) 186 (6.2%) 320 (10.6%) 436 (14.5%) 512 (17.0%)

Female 1562 (51.8%) 615 (20.4%) 469 (15.6%) 253 (8.4%) 225 (7.5%)
Race/ethnicity, % 0.376

Mexican American 400 (13.3%) 125 (4.1%) 110 (3.6%) 100 (3.3%) 65 (2.2%)

Other Hispanic 286 (9.5%) 90 (3.0%) 81 (2.7%) 56 (1.9%) 59 (2.0%)
Non-Hispanic Black 576 (19.1%) 120 (4.0%) 127 (4.2%) 138 (4.6%) 191 (6.3%)

Non-Hispanic White 1338 (44.4%) 359 (11.9%) 358 (11.9%) 308 (10.2%) 313 (10.4%)

Other race 416 (13.8%) 107 (3.5%) 113 (3.7%) 87 (2.9%) 109 (3.6%)
Family PIR 3.23 ± 0.15 3.12 ± 0.24 3.23 ± 0.17 3.20 ± 0.17 3.35 ± 0.11 0.768

Education level, % 0.572

High school 689 (22.8%) 193 (6.4%) 180 (6.0%) 158 (5.2%) 158 (5.2%)
College 684 (22.7%) 168 (5.6%) 185 (6.1%) 157 (5.2%) 174 (5.8%)

Graduate 1643 (54.5%) 440 (14.6%) 424 (14.1%) 374 (12.4%) 405 (13.4%)

Marital status, % 0.611
Having a partner 1936 (64.2%) 496 (16.4%) 514 (17.0%) 458 (15.2%) 468 (15.5%)

No partner 841 (27.9%) 241 (8.0%) 214 (7.1%) 180 (6.0%) 206 (6.8%)

Unmarried 239 (7.9%) 64 (2.1%) 61 (2.0%) 51 (1.7%) 63 (2.1%)
Hypertension, % 0.017

No 1382 (45.8%) 452 (15.0%) 385 (12.8%) 314 (10.4%) 231 (7.7%)

Yes 1634 (54.2%) 349 (11.6%) 404 (13.4%) 375 (12.4%) 506 (16.8%)

(Continued)
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Table 1 (Continued). 

sUA Total Q1 Q2 Q3 Q4 P-value

DM, % 0.025

No 2305 (76.4%) 657 (21.8%) 611 (20.3%) 519 (17.2%) 518 (17.2%)
Yes 711 (23.6%) 144 (4.8%) 178 (5.9%) 170 (5.6%) 219 (7.3%)

Smoker, % 0.067

No 1626 (53.9%) 464 (15.4%) 439 (14.6%) 358 (11.9%) 365 (12.1%)
Former 836 (27.7%) 178 (5.9%) 197 (6.5%) 195 (6.5%) 266 (8.8%)

Now 554 (18.4%) 159 (5.3%) 153 (5.1%) 136 (4.5%) 106 (3.5%)

Alcohol user, % 0.028
Never 449 (14.9%) 153 (5.1%) 117 (3.9%) 80 (2.7%) 99 (3.3%)

Former 605 (20.1%) 144 (4.8%) 157 (5.2%) 158 (5.2%) 146 (4.8%)

Mild 1128 (37.4%) 280 (9.3%) 305 (10.1%) 260 (8.6%) 283 (9.4%)
Moderate 432 (14.3%) 127 (4.2%) 114 (3.8%) 104 (3.4%) 87 (2.9%)

Heavy 402 (13.3%) 97 (3.2%) 96 (3.2%) 87 (2.9%) 122 (4.0%)

PA, % 0.642
Never 1963 (65.1%) 538 (17.8%) 518 (17.2%) 443 (14.7%) 464 (15.4%)

Mild 552 (18.3%) 151 (5.0%) 134 (4.4%) 125 (4.1%) 142 (4.7%)

Moderate 357 (11.8%) 84 (2.8%) 97 (3.2%) 84 (2.8%) 92 (3.1%)
Vigorous 144 (4.8%) 28 (0.9%) 40 (1.3%) 37 (1.2%) 39 (1.3%)

BMI, kg/m2 28.53 ± 0.31 26.45 ± 0.34 28.34 ± 0.23 29.46 ± 0.47 30.12 ± 0.64 < 0.001
Waist circumference, cm 99.68 ± 0.71 92.82 ± 0.73 98.71 ± 0.65 101.88 ± 0.87 106.17 ± 1.26 < 0.001

SBP, mmHg 124.41 ± 0.88 122.07 ± 1.47 125.68 ± 1.32 125.11 ± 0.87 124.89 ± 2.51 0.173

DBP, mmHg 69.50 ± 0.56 69.43 ± 1.13 69.24 ± 0.93 70.20 ± 0.66 69.19 ± 1.17 0.887
FBG, mg/mL 107.52 ± 1.21 102.30 ± 1.74 105.04 ± 1.48 111.42 ± 2.27 112.29 ± 3.65 0.019

HbA1c, % 5.76 ± 0.04 5.67 ± 0.05 5.71 ± 0.05 5.83 ± 0.11 5.83 ± 0.09 0.257

ALT, U/L 23.89 ± 0.67 20.81 ± 0.79 23.73 ± 1.20 24.12 ± 0.75 27.20 ± 0.97 < 0.001
AST, U/L 25.01 ± 0.78 23.31 ± 0.37 26.18 ± 2.63 24.17 ± 0.44 26.37 ± 0.61 0.006

GGT, U/L 27.75 ± 1.30 23.69 ± 1.82 24.75 ± 2.12 30.98 ± 2.65 32.44 ± 2.29 0.004

Total bilirubin, mg/dL 0.68 ± 0.01 0.65 ± 0.02 0.67 ± 0.02 0.67 ± 0.02 0.74 ± 0.02 0.038
Mean energy intake, kcal 2012.88 ± 37.87 1916.22 ± 73.79 1911.02 ± 52.44 2120.11 ± 103.52 2129.88 ± 85.64 0.026

Calcium intake, mg 928.02 ± 15.67 959.26 ± 40.33 858.28 ± 24.37 974.00 ± 62.49 927.71 ± 24.70 0.049

Phosphorus intake, mg 1352.75 ± 16.66 1296.41 ± 40.27 1281.22 ± 36.78 1416.69 ± 61.50 1433.01 ± 40.90 0.033
Hb, g/dL 14.30 ± 0.06 13.72 ± 0.11 14.24 ± 0.09 14.58 ± 0.15 14.73 ± 0.11 < 0.001

BUN, mg/dL 13.95 ± 0.21 12.43 ± 0.42 13.22 ± 0.22 14.24 ± 0.35 16.15 ± 0.29 < 0.001

Scr, mg/dL 0.92 ± 0.01 0.77 ± 0.01 0.87 ± 0.01 0.98 ± 0.05 1.08 ± 0.02 < 0.001
eGFR, mL/min/1.73m2 84.74 ± 0.75 91.49 ± 1.09 85.43 ± 1.10 84.39 ± 1.62 76.96 ± 1.45 < 0.001

HDL-C, mg/dL 55.69 ± 0.71 62.46 ± 1.49 56.45 ± 1.13 53.14 ± 1.31 49.85 ± 1.59 0.002

TC, mg/dL 195.91 ± 1.20 194.86 ± 1.59 195.38 ± 2.75 192.64 ± 3.44 200.73 ± 2.16 0.098
TG, mg/dL 124.23 ± 3.27 98.09 ± 3.39 118.69 ± 4.27 126.90 ± 6.55 156.33 ± 8.04 < 0.001

Calcium, mg/dL 9.41 ± 0.01 9.35 ± 0.03 9.41 ± 0.03 9.40 ± 0.03 9.48 ± 0.04 0.196

Phosphorus, mg/dL 3.73 ± 0.02 3.79 ± 0.03 3.73 ± 0.04 3.67 ± 0.04 3.70 ± 0.06 0.078
Degree of calcification 1.51 ± 0.15 1.32 ± 0.33 1.46 ± 0.22 1.39 ± 0.21 1.89 ± 0.28 0.268

AAC, % 0.344

No 2107 (69.9%) 600 (19.9%) 566 (18.8%) 466 (15.5%) 475 (15.7%)
Yes 909 (30.1%) 201 (6.7%) 223 (7.4%) 223 (7.4%) 262 (8.7%)

SAAC, % 0.411

No 2689 (89.2%) 737 (24.4%) 711 (23.6%) 606 (20.1%) 635 (21.1%)
Yes 327 (10.8%) 64 (2.1%) 78 (2.6%) 83 (2.8%) 102 (3.4%)

Abbreviations: sUA, serum uric acid; Q1, 0.7–4.5 mg/dL; Q2, 4.6–5.4 mg/dL; Q3, 5.5–6.3 mg/dL; Q4, 6.4–11.3 mg/dL; DM, diabetes mellitus; PA, physical activity; BMI, body 
mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fast glucose; HbA1c, glycohemoglobin; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; GGT, gamma-glutamyl transferase; Hb, hemoglobin; BUN, blood urea nitrogen; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; TC, 
total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein-cholesterol; AAC, abdominal aortic calcification; SAAC, severe abdominal aortic calcification.
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sex, the complication of hypertension, alcohol consumption status, BMI, waist circumference, FBG, ALT, GGT, total 
bilirubin, mean energy intake, calcium and phosphorus intake, Hb, BUN, Scr, eGFR, HDL-C, and TG among the Q1, Q2, 
Q3, and Q4 groups. Compared with the Q1, Q3, and Q4 groups, the Q2 group had the lowest mean energy, calcium and 
phosphorus intake levels. However, compared with the Q1, Q2, and Q4 groups, the Q3 group had the lowest levels of TG 
and phosphorus while the highest levels of DBP and HbA1c. In addition, compared with Q1, Q2, and Q3, participants in 
Q4 were older, had the highest proportion of hypertension, and DM, highest levels of BMI, waist circumference, FBG, 
ALT, AST, GGT, total bilirubin, mean energy intake, phosphorus intake, Hb, BUN, Scr, TC, TG, calcium, and degree of 
calcification, and lower levels of DBP, eGFR, and HDL-C.

Associations of sUA with AAC and SAAC
The weighted multiple-regression analysis results presented the association of sUA with AAC and SAAC. After 
adjusting for confounding factors, compared with the Q1 group, the odds ratios (ORs) with 95% confidence intervals 
(CIs) of sUA association with AAC across Q2, Q3, and Q4 were 0.967 (0.632, 1.480), 1.144 (0.719, 1.821), and 
1.275 (0.762, 2.134) (Table 2). Moreover, in the fully adjusted model, the ORs and 95% CIs for SAAC risk across 
the sUA quartiles were 0.751 (0.378, 1.489), 0.958 (0.433, 2.121), and 1.084 (0.533, 2.205), compared with Q1 
(Table 3). The restricted cubic spline (RCS) curves revealed a U-shaped relationship between sUA and the risk of 

Table 2 Adjusted ORs for Associations Between sUA and the Risk of AAC

sUA Model 1 Model 2 Model 3

OR (95% CI) OR (95% CI) OR (95% CI)

Q1 Ref. Ref. Ref.

Q2 1.026 (0.695, 1.513) 0.988 (0.663, 1.471) 0.967 (0.632, 1.480)

Q3 1.212 (0.801, 1.834) 1.082 (0.707, 1.656) 1.144 (0.719, 1.821)
Q4 1.442 (0.951, 2.187) 1.269 (0.822, 1.958) 1.275 (0.762, 2.134)

P for trend 0.062 0.249 0.274

Notes: Model 1: age and sex. Model 2: model 1 variables plus race/ethnicity, education level, marital status, family 
poverty income ratio, hypertension, diabetes mellitus, smoke status, and drink status. Model 3 was adjusted for 
model 2 variables plus physical activity, body mass index, waist circumference, mean energy intake, dietary 
phosphorus and calcium intake, hemoglobin, fast glucose, glycohemoglobin, aspartate aminotransferase, alanine 
aminotransferase, total bilirubin, gamma-glutamyl transferase, blood urea nitrogen, serum creatinine, estimated 
glomerular filtration rate, serum phosphorus and calcium, total cholesterol, triglyceride, and high-density lipopro-
tein-cholesterol. 
Abbreviations: sUA, serum uric acid; AAC, abdominal aortic calcification; Q1, 0.7–4.5 mg/dL; Q2, 4.6–5.4 mg/dL; 
Q3, 5.5–6.3 mg/dL; Q4, 6.4–11.3 mg/dL; OR, odd ratio; CI, confidence interval.

Table 3 Adjusted ORs for Associations Between sUA and the Incidence of SAAC

sUA Model 1 Model 2 Model 3

OR (95% CI) OR (95% CI) OR (95% CI)

Q1 Ref. Ref. Ref.
Q2 0.894 (0.491, 1.629) 0.761 (0.405, 1.430) 0.751 (0.378, 1.489)

Q3 1.273 (0.691, 2.344) 1.022 (0.538, 1.940) 0.958 (0.433, 2.121)

Q4 1.441 (0.786, 2.645) 1.117 (0.592, 2.109) 1.084 (0.533, 2.205)
P for trend 0.236 0.649 0.828

Notes: Model 1: age and sex. Model 2: model 1 variables plus race/ethnicity, education level, marital status, family 
poverty income ratio, hypertension, diabetes mellitus, smoke status, and drink status. Model 3 was adjusted for model 2 
variables plus physical activity, body mass index, waist circumference, mean energy intake, dietary phosphorus and 
calcium intake, hemoglobin, fast glucose, glycohemoglobin, aspartate aminotransferase, alanine aminotransferase, total 
bilirubin, gamma-glutamyl transferase, blood urea nitrogen, serum creatinine, estimated glomerular filtration rate, 
serum phosphorus and calcium, total cholesterol, triglyceride, and high-density lipoprotein-cholesterol. 
Abbreviations: sUA, serum uric acid; SAAC, severe abdominal aortic calcification; Q1, 0.7–4.5 mg/dL; Q2, 4.6– 
5.4 mg/dL; Q3, 5.5–6.3 mg/dL; Q4, 6.4–11.3 mg/dL; OR, odd ratio; CI, confidence interval.
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AAC and SAAC in the US population (P for nonlinearity <0.05, Figures 1A and B). An inflection point for sUA 
was observed in our study. The risk of AAC and SAAC was lowest when the sUA level was 5.42 nmol/L and 
6.08 mg/dL, respectively.

Subgroup Analyses
Using subgroup analyses stratified by age, sex, hypertension, DM, and BMI, associations between sUA and incident 
AAC and SAAC were estimated. The results demonstrated a U-shaped linkage between sUA and the risk of AAC in 
individuals with BMI < 30 kg/m2 (Figure 2). In subgroup analysis, a significant interaction was found between age and 
hypertension with sUA and AAC (P for interaction <0.05, Table 4). In addition, the U-shaped relationship of serum 25 
(OH)D with SAAC was observed among female participants without hypertension but having DM and BMI ≥ 30 kg/m2 

(Figure 3). Table 5 illustrates that the association between sUA and SAAC was significantly different in the hypertension 
population compared to other groups (P for interaction <0.05).

Associations of sUA with the Degree of AAC
Generalized additive models with smooth functions showed a U-shaped relationship between sUA and the degree of 
AAC in the US general population. With the increase in the sUA levels, the degree of calcification first decreased and 
then increased (Figure 4).

Discussion
Epidemiological data revealed a connection between sUA and calcification. However, the association between 
sUA levels and VC is controversial due to complex factors such as AAC. According to our knowledge, this is the 
first study to investigate the association between sUA levels and AAC and SAAC risk in the general US 
population.

We discovered a U-shaped relationship between the sUA level and the risk of AAC and SAAC in the study. 
A diet rich in precursors of uric acid results in an increase in sUA. The chief reason is alcohol consumption, 
especially beer, leading to a sharp increase in sUA levels; at the same time, seafood and soy products can also 
increase sUA.26 Furthermore, high sUA is associated with hypertension, DM, metabolic syndrome, and renal 
failure.27–29 Numerous studies demonstrated the close relationship between sUA levels with CVD.30,31 A rise in 
sUA levels is intimately associated with substantial atherosclerosis risk factors, such as hypertension, abdominal 
obesity, DM, metabolic syndrome, hypertriglyceridemia, endothelial dysfunction, and renal failure.32–36 A recent 
meta-analysis indicated that individuals with SUA levels of more than 357 umol/L had a 1.8-fold increased risk of 
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Figure 1 RCS curve of the association between sUA and the risk of AAC and SAAC in the NHANES database. (A) the association between sUA and AAC; and (B) the 
association between sUA and SAAC. 
Abbreviations: RCS, restricted cubic spline; sUA, serum uric acid; AAC, abdominal aortic calcification; SAAC, severe abdominal aortic calcification.
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Figure 2 RCS curve for the association between sUA with the risk of AAC. (A) the association between sUA and AAC stratified by age; (B) the association between sUA 
and AAC stratified by sex; (C) the association between sUA and AAC stratified by hypertension; (D) the association between sUA and AAC stratified by DM; and (E) the 
association between SUA and AAC stratified by BMI. 
Abbreviations: RCS, restricted cubic spline; sUA, serum uric acid; AAC, abdominal aortic calcification; BMI, body mass index.
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CAC compared with normal sUA levels, and the risk of calcification rose 31% with each 88.4 umol/L increase.37 As 
the final product of purine metabolism, sUA may promote the proliferation of vascular smooth muscle cells, 
resulting in premature arterial calcification, and the longer the duration of hyperuricemia exposure, the greater the 
calcium deposition in the middle layer of blood arteries.38 Santos et al discovered an independent association 
between high sUA levels and CAC among asymptomatic men at moderate risk with metabolic syndrome.39 In 
addition, Atar et al found that sUA is an independent risk factor for CAC.40 However, Malik et al demonstrated that 
in healthy octogenarians, higher sUA levels were associated with vascular inflammation (hs-CRP) but not coronary 
atherosclerosis.41 Furthermore, Neogi and Coutinho and their collaborators did not find an independent relationship 
between sUA and CAC but identified a connection between sUA and carotid atherosclerosis, suggesting that sUA 
might play a role in subclinical atherosclerosis.42,43

In addition, we also found the U-shaped relationships between sUA and the risk of AAC in individuals with BMI < 
30 kg/m2. Moreover, the U-shaped associations of sUA with SAAC were observed among female participants without 
hypertension having DM and BMI ≥ 30 kg/m2. The SAAC occurrence was found to be associated with DM. This may be 
related to the increase of endothelin activity, the activation of the renin-angiotensin system, and the significant 
impairment of vasomotor function. In addition, hyperglycemia and glycoglycation end products, hyperinsulinism, 
oxidative stress, lipid metabolism disorder, inflammation, apoptosis, abnormal expression of bone regulatory proteins, 
and local autocrine and paracrine disorders of blood vessels are important inducing factors for the VC occurrence.44 

Concludingly, a U-shaped relationship existed between sUA and the degree of AAC in the US general population. 
Previous research has established that the risk of mild-to-moderate calcification to severe calcification is four times 
higher in patients with hyperuricemia than those with normal sUA.

Limitations
This study included representative samples of the multiracial population for generalization to the entire US populace. 
Due to the large sample size, we were able to adjust for numerous potential confounding factors. Despite this, limitations 
must also be recognized. First, this was a cross-sectional study; hence, determining how sUA, AAC, and SAAC are 

Table 4 Subgroups Analysis for the Associations of sUA with the Risk of AAC

sUA Q1 Q2 Q3 Q4 P for Trend P for Interaction

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Age 0.009

< 60 1.00 0.648 (0.345, 1.217) 0.599 (0.294, 1.220) 0.787 (0.346, 1.791) 0.648
≥ 60 1.00 1.452 (0.775, 2.720) 2.126 (1.068, 4.233) * 1.884 (0.910, 3.900) 0.067

Sex 0.062

Male 1.00 0.863 (0.370, 2.011) 1.005 (0.447, 2.261) 1.383 (0.581, 3.289) 0.226
Female 1.00 1.014 (0.598, 1.719) 1.415 (0.831, 2.741) 0.847 (0.388, 1.851) 0.902

Hypertension 0.026

No 1.00 0.721 (0.373, 1.394) 0.608 (0.282, 1.308) 0.756 (0.305, 1.874) 0.399
Yes 1.00 1.343 (0.734, 2.460) 2.013 (1.047, 3.873) * 2.077 (1.049, 4.111) * 0.023

DM 0.144

No 1.00 1.102 (0.667, 1.821) 1.032 (0.588, 1.814) 1.342 (0.714, 2.523) 0.441
Yes 1.00 0.735 (0.265, 2.039) 1.569 (0.538, 4.580) 1.152 (0.377, 3.523) 0.519

BMI 0.113

< 30 kg/m2 1.00 0.984 (0.596, 1.624) 0.812 (0.451, 1.461) 1.153 (0.603, 2.204) 0.852
≥ 30 kg/m2 1.00 0.725 (0.298, 1.762) 0.950 (0.389, 2.323) 0.848 (0.320, 2.246) 0.986

Notes: *P < 0.05; Analysis was adjusted for age, sex, race/ethnicity, education level, marital status, family poverty income ratio, hypertension, diabetes mellitus, smoke status, 
and drink status, physical activity, body mass index, waist circumference, mean energy intake, dietary phosphorus and calcium intake, hemoglobin, fast glucose, 
glycohemoglobin, aspartate aminotransferase, alanine aminotransferase, total bilirubin, gamma-glutamyl transferase, blood urea nitrogen, serum creatinine, estimated 
glomerular filtration rate, serum phosphorus and calcium, total cholesterol, triglyceride, and high-density lipoprotein-cholesterol. 
Abbreviations: sUA, serum uric acid; AAC, abdominal aortic calcification; Q1, 0.7–4.5 mg/dL; Q2, 4.6–5.4 mg/dL; Q3, 5.5–6.3 mg/dL; Q4, 6.4–11.3 mg/dL; OR, odd ratio; 
CI, confidence interval.
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Figure 3 RCS curve for the association between sUA with the risk of SAAC. (A) the association between sUA and SAAC stratified by age; (B) the association between sUA 
and SAAC stratified by sex; (C) the association between SUA and SAAC stratified by hypertension; (D) the association between SUA and SAAC stratified by DM; and (E) 
the association between SUA and SAAC stratified by BMI. 
Abbreviations: RCS, restricted cubic spline; sUA, serum uric acid; SAAC, severe abdominal aortic calcification; BMI, body mass index.
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causally related was impossible. Second, the self-reports of individuals were used to diagnose diseases, including 
hypertension, and DM, which could have introduced the potential bias. Third, this study did not eliminate the bias 
introduced by other potentially confounding variables that were not adjusted.

Table 5 Subgroups Analysis for the Associations of sUA with the Risk of SAAC

sUA Q1 Q2 Q3 Q4 P for Trend P for Interaction

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Age 0.056

< 60 1.00 0.245 (0.029, 2.058) 0.472 (0.051, 4.332) 0.011 (0.001, 1.437) 0.112
≥ 60 1.00 0.893 (0.396, 2.011) 1.487 (0.628, 3.517) 1.276 (0.507, 3.215) 0.410

Sex 0.051

Male 1.00 0.395 (0.105, 1.485) 0.632 (0.183, 2.187) 0.601 (0.160, 2.257) 0.822
Female 1.00 1.134 (0.466, 2.758) 1.819 (0.656, 5.044) 1.573 (0.480, 5.153) 0.298

Hypertension 0.014

No 1.00 0.298 (0.060, 1.488) 0.121 (0.014, 1.064) 0.504 (0.037, 6.845) 0.214
Yes 1.00 1.095 (0.453, 2.645) 1.812 (0.731, 4.491) 1.276 (0.484, 3.361) 0.491

DM 0.095

No 1.00 0.702 (0.272, 1.810) 1.369 (0.529, 3.540) 1.115 (0.376, 3.306) 0.532
Yes 1.00 0.996 (0.250, 3.969) 0.754 (0.165, 3.432) 1.156 (0.208, 6.432) 0.966

BMI 0.488

< 30 kg/m2 1.00 0.755 (0.343, 1.663) 1.087 (0.446, 2.647) 0.815 (0.299, 2.218) 0.864
≥ 30 kg/m2 1.00 1.025 (0.119, 8.792) 0.811 (0.113, 5.798) 1.729 (0.175, 1.706) 0.653

Notes: Analysis was adjusted for age, sex, race/ethnicity, education level, marital status, family poverty income ratio, hypertension, diabetes mellitus, smoke status, and drink 
status, physical activity, body mass index, waist circumference, mean energy intake, dietary phosphorus and calcium intake, hemoglobin, fast glucose, glycohemoglobin, 
aspartate aminotransferase, alanine aminotransferase, total bilirubin, gamma-glutamyl transferase, blood urea nitrogen, serum creatinine, estimated glomerular filtration rate, 
serum phosphorus and calcium, total cholesterol, triglyceride, and high-density lipoprotein-cholesterol. 
Abbreviations: sUA, serum uric acid; SAAC, serve abdominal aortic calcification; Q1, 0.7–4.5 mg/dL; Q2, 4.6–5.4 mg/dL; Q3, 5.5–6.3 mg/dL; Q4, 6.4–11.3 mg/dL; OR, odd 
ratio; CI, confidence interval.
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Figure 4 The association between sUA and the degree of AAC. 
Abbreviations: sUA, serum uric acid; AAC, abdominal aortic calcification.
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Conclusion
In conclusion, the relationship between sUA levels and the risk of AAC and SACC presented a U-shaped curve in the US 
general population. Therefore, close monitoring and controlling sUA levels can reduce the risk of AAC and SAAC.
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