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Background: The uric acid-to-albumin ratio (UAR) is a novel inflammatory marker linked to cardiovascular disease. This study 
aimed to evaluate the predictive value of UAR for left atrial thrombus or spontaneous echo contrast (LAT/SEC) in non-valvular atrial 
fibrillation (NVAF), explore its mediating mechanisms, and assess the incremental value beyond the CHA2DS2-VASc score.
Methods: This retrospective study included 514 patients with NVAF undergoing transesophageal echocardiography (TEE). 
Multivariable logistic regression, restricted cubic splines (RCS), generalized additive models (GAMs), receiver operating characteristic 
(ROC) curves, and mediation analyses were employed to evaluate the relationship between UAR and LAT/SEC. Reclassification 
indices assessed UAR’s incremental value beyond the CHA2DS2-VASc score.
Results: The prevalence of LAT/SEC was 17.32%. UAR was independently associated with LAT/SEC (OR: 1.43, 95% CI: 1.25–1.66; 
P < 0.001) in a nonlinear manner (P for non-linearity = 0.031). A threshold effect was identified at 12.11, below which the risk 
increased more significantly (OR: 1.61, 95% CI: 1.36–1.92; P < 0.001). UAR showed better predictive performance (AUC=0.712) 
than UA (0.684) and albumin (0.612). Incorporating UAR into the CHA2DS2-VASc model improved risk stratification. Mediation 
analysis indicated that left atrial diameter (LAD) and left ventricular ejection fraction (LVEF) accounted for 8.26% and 9.75% of the 
association, respectively.
Conclusion: UAR is an independent predictor of LAT/SEC in patients with NVAF, outperforming its individual components and 
providing significant incremental value beyond the CHA2DS2-VASc score. It may serve as a readily accessible biomarker for 
optimizing risk stratification and clinical anticoagulation decisions.
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Introduction
Atrial fibrillation (AF) is one of the most common clinical arrhythmias, with an increasing incidence partly due to 
population aging.1 AF is associated with a 5-fold higher stroke risk, resulting in significant morbidity and mortality and 
imposing a heavy burden on public health.2 Approximately 90% of left atrial (LA) thrombi originate in the left atrial 
appendage (LAA), the primary thrombotic site in non-valvular atrial fibrillation (NVAF).3 Spontaneous echo contrast 
(SEC), a thrombotic precursor indicating blood stasis, is crucial for guiding anticoagulation.4 While the CHA2DS2-VASc 
score facilitates stroke risk stratification, transesophageal echocardiography (TEE) remains indispensable for the direct 
identification of LA thrombi prior to catheter ablation or cardioversion. Given that this invasive procedure carries 
potential risks such as esophageal injury, there is a clinical demand for safer, non-invasive biomarkers to predict left atrial 
thrombus/spontaneous echo contrast (LAT/SEC) and guide early anticoagulation for stroke prevention.
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Although the underlying mechanisms of AF remain incompletely understood, inflammation and oxidative stress are 
known to play important roles in its initiation and maintenance.5 Emerging evidence further emphasizes the critical link 
between systemic inflammation and thromboembolic risk in patients with AF.6 Proinflammatory cytokines (eg, IL-2, IL-6, 
CRP, and TNF-α) not only reflect systemic inflammatory burden but also actively promote atrial fibrosis, endothelial 
dysfunction, and platelet activation—all of which contribute to a prothrombotic milieu and thrombus formation in the LAA.7

Uric acid (UA), the end product of purine metabolism, promotes oxidative stress, endothelial dysfunction, and 
inflammatory responses when elevated, thereby inducing a prothrombotic state.8 Accumulating evidence supports 
a strong association between hyperuricemia and thrombosis in AF.9,10 Conversely, albumin, the most abundant plasma 
protein, exerts anti-inflammatory, antioxidant, and antithrombotic effects.11 Hypoalbuminemia reflects an exacerbated 
inflammatory status that inherently increases thrombotic risk.12 Notably, the interplay between elevated UA and reduced 
albumin constitutes a pivotal inflammatory-metabolic axis. We hypothesize that this synergistic imbalance creates 
a highly prothrombotic state, which predisposes patients to LAT/SEC.
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Given that composite inflammatory indices based on circulating biomarkers often outperform individual parameters, 
the uric acid-to-albumin ratio (UAR) has emerged as a novel marker of inflammation and oxidative stress. As an 
inexpensive and readily available indicator derived from routine blood tests, UAR has shown growing predictive utility 
in cardiovascular diseases.13 However, whether this inflammatory-metabolic imbalance reflected by UAR is indepen
dently associated with LAT/SEC risk in NVAF patients remains unclear. Therefore, we aimed to evaluate the association 
between UAR and LAT/SEC, elucidate potential mediating pathways, and determine whether UAR offers incremental 
predictive utility beyond the established thromboembolic risk stratification model.

Materials and Methods
Study Design and Population
This single-center, retrospective cohort study was conducted at the First Affiliated Hospital of Dalian Medical 
University. We consecutively enrolled 514 hospitalized patients with NVAF who underwent TEE prior to catheter 
ablation or direct current cardioversion between January 2019 and June 2022. Exclusion criteria were as follows: (1) 
age < 18 years; (2) congenital or severe valvular heart disease; (3) moderate-to-severe hepatic or renal dysfunction; (4) 
malignancy, active infection, chronic inflammatory disease, or autoimmune disease; (5) prior left atrial appendage 
closure (LAAC); (6) gout, thyroid disorders, or use of medications affecting serum uric acid levels; (7) acute 
myocardial infarction or acute heart failure; and (8) missing essential baseline data. This study was approved by the 
Ethics Committee of the First Affiliated Hospital of Dalian Medical University (No. PJ-KS-KY-2026-122) and 
conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained from all partici
pants, and all data were anonymized to ensure confidentiality. This study was reported in accordance with the 
REporting of studies Conducted using Observational Routinely-collected health Data (RECORD) guidelines to ensure 
methodological rigor and transparency.14

Clinical Definitions
Two experienced echocardiographers, who were blinded to clinical data, independently evaluated the presence of LAT/ 
SEC via TEE. Inter-observer reliability was assessed using Cohen’s kappa coefficient, which showed excellent agreement 
between the two specialists (κ = 0.902, 95% CI: 0.853–0.951; P < 0.001). Discrepancies were resolved by consensus or 
consultation with a third senior expert. LAT was defined as a well-demarcated echogenic mass distinct from adjacent 
myocardium and visible in multiple views.15 SEC was defined as swirling, smoke-like echogenic signals persisting under 
optimal gain.16 According to the Fatkin classification, SEC grades 3 and 4 were considered dense. The CHA2DS2-VASc 
score was calculated as follows: 1 point each for congestive heart failure, hypertension, female sex, age 65–74 years, 
diabetes mellitus, or vascular disease (comprising peripheral artery disease or myocardial infarction), and 2 points each 
for age ≥75 years or prior stroke/transient ischemic attack (TIA).1

Data Collection
Baseline clinical data extracted from electronic medical records included demographics (age, gender, smoking status, and 
alcohol consumption), and AF type. Comorbidities were defined as follows: hypertension (systolic blood pressure 
≥140 mmHg and/or diastolic blood pressure ≥90 mmHg, a self-reported history of hypertension, or current antihyper
tensive medication use) and diabetes mellitus (use of hypoglycemic agents/insulin, fasting serum glucose ≥7.0 mmol/L, 
and/or random blood glucose ≥11.1 mmol/L). Echocardiographic parameters included: left atrial diameter (LAD), left 
ventricular ejection fraction (LVEF), left ventricular end-diastolic diameter (LVEDD), and E-wave deceleration time 
(EDT). Laboratory parameters comprised white blood cells (WBC), red blood cells (RBC), platelets (PLT), neutrophils, 
lymphocytes, monocytes, hemoglobin (Hb), D-dimer, albumin, creatinine, aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), uric acid (UA), triglycerides (TG), total cholesterol (TC), low-density lipoprotein cholesterol 
(LDL-C), high-density lipoprotein cholesterol (HDL-C), and fasting plasma glucose (FPG). The UAR was calculated 
using the formula: UAR = uric acid (μmol/L) / albumin (g/L).
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Statistical Analysis
Sample size was calculated using G*Power (Version 3.1.9.7) based on the Hsieh method for multivariable logistic 
regression.17 To detect a minimal clinically important effect, the expected odds ratio (OR) was set at 1.50 per standard 
deviation (SD) increase in UAR, assuming a standard normal distribution (mean=0, SD=1). While our previous cohort 
showed a 21.2% LAT/SEC incidence,18 we conservatively estimated a 15% baseline probability to account for reduced 
rates with widespread direct oral anticoagulant (DOAC) use and improved AF management. With an R2 of 0.15 for 
covariates, a two-tailed α = 0.05, and 80% power, a minimum of 445 participants was required. Statistical analyses were 
performed using IBM SPSS Statistics (Version 31.0), R (Version 4.5.2), and Zstats (Version 1.0; www.zstats.net). Patients 
were stratified into tertiles based on UAR levels. Continuous variables, assessed for normality using the Kolmogorov– 
Smirnov test, were expressed as mean ± SD or median (interquartile range [IQR]) and compared using one-way analysis of 
variance (ANOVA) or the Kruskal–Wallis test, respectively. Categorical variables were presented as counts (percentages) 
and analyzed using the chi-squared test. Variables with >10% missing data were excluded, while multiple imputation was 
applied to those with <10% missingness.

Multivariable logistic regression was performed to evaluate the associations of UAR (both as a continuous variable 
and in tertiles) with LAT/SEC, reporting odds ratios (ORs) and 95% confidence intervals (CIs). Potential risk factors 
identified in univariate analysis (Supplementary Table 1) and other clinically relevant variables were incorporated into 
the multivariable analysis. Variables with a variance inflation factor (VIF) < 5 and tolerance > 0.2 were retained, as they 
demonstrated no significant multicollinearity (Supplementary Table 2). Four sequentially adjusted models were con
structed: Model 1 (unadjusted); Model 2 (adjusted for age, gender, body mass index [BMI], and smoking status); Model 
3 (Model 2 covariates + hypertension, diabetes mellitus [DM], heart failure [HF], coronary heart disease [CHD], stroke/ 
TIA, paroxysmal AF, anticoagulants, and antiplatelets); and Model 4 (Model 3 covariates + WBC, PLT, D-dimer, ALT, 
AST, creatinine, HDL-C, LDL-C, LAD, and LVEF).

Non-linear relationships between UAR and LAT/SEC risk were analyzed using restricted cubic splines (RCS) with 3 
knots, smooth curve fitting, and generalized additive models (GAMs). Segmented regression was applied to identify 
potential threshold effects and inflection points. The predictive accuracy of UAR, UA, and albumin was assessed using 
receiver operating characteristic (ROC) curves and the area under the curve (AUC). The incremental predictive value of 
adding UAR to the CHA2DS2-VASc score was quantified using Harrell’s C-index, net reclassification improvement (NRI), 
and integrated discrimination improvement (IDI). A bootstrapped mediation analysis (with 1000 resamples) was performed 
to explore the mediating role of UAR between relevant clinical factors and LAT/SEC. Sensitivity analyses were conducted 
to assess the robustness of the findings. All tests were two-tailed, with P < 0.05 considered statistically significant.

Results
Baseline Characteristics of Participants
Of 815 initially screened patients with NVAF, 301 were excluded per predefined criteria (detailed in Supplementary Figure 1), 
yielding a final cohort of 514 participants. Patients were stratified into UAR tertiles: T1 (3.68–7.63), T2 (7.64–9.68), and T3 
(9.69–16.51). As summarized in Table 1, the cohort was predominantly male (63.42%) and aged ≥ 60 years (72.18%). 
Compared with lower tertiles, patients in T3 had significantly higher rates of paroxysmal AF and alcohol consumption. 
Baseline comorbidities (hypertension, DM, CHD, HF, stroke/TIA) and medication use (antiplatelets, anticoagulants, statins, 
β-blockers) did not differ significantly across groups (all P > 0.05). Regarding laboratory findings, increasing UAR was 
associated with significantly elevated RBC, neutrophils, Hb, TG, creatinine, and UA, as well as reduced albumin and HDL-C. 
Echocardiographic assessment revealed progressive increases in LAD and LVEDD, accompanied by a corresponding 
decrease in LVEF from T1 to T3 (all P < 0.001). Notably, the prevalence of LAT/SEC increased markedly across UAR 
tertiles, from 6.98% in T1 to 29.24% in T3 (P < 0.001).

Spearman Correlation Analysis
As shown in Supplementary Figure 2, Spearman correlation analysis revealed positive associations between UAR and 
WBC, neutrophils, and monocytes, consistent with its role as a marker of inflammation and oxidative stress. UAR also 
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Table 1 Baseline Characteristics According to Tertiles of the UAR Levels

Characteristic Total  
(3.68–16.51)

T1  
(3.68–7.45)

T2  
(7.46–9.80)

T3  
(9.81–16.51)

P-value

Number of patients 514 172 171 171

Demographics
Age (years), n (%) 0.024

< 60 143 (27.82%) 38 (22.09%) 45 (26.32%) 60 (35.09%)

≥ 60 371 (72.18%) 134 (77.91%) 126 (73.68%) 111 (64.91%)

Gender, n (%) <0.001
Male 326 (63.42%) 80 (46.51%) 109 (63.74%) 137 (80.12%)

Female 188 (36.58%) 92 (53.49%) 62 (36.26%) 34 (19.88%)
Basic information
Smoking status, n (%) 137 (26.65%) 44 (25.58%) 48 (28.07%) 45 (26.32%) 0.867

Alcohol consumption, n (%) 95 (18.48%) 25 (14.53%) 32 (18.71%) 38 (22.22%) 0.185
Paroxysmal AF, n (%) 212 (41.25%) 70 (40.70%) 62 (36.26%) 80 (46.78%) 0.139

SBP, mmHg 129.18 ± 16.80 130.76 ± 17.09 129.64 ± 17.45 127.14 ± 15.69 0.124

DBP, mmHg 81.55 ± 12.82 80.72 ± 12.45 81.58 ± 12.81 82.37 ± 13.23 0.493
BMI, kg/m2 24.85 ± 3.18 24.70 ± 3.23 24.97 ± 3.22 24.89 ± 3.09 0.714

CHA2DS2-VASc score 2.47 ± 1.59 2.31 ± 1.47 2.35 ± 1.55 2.75 ± 1.72 0.017

Comorbidities
Hypertension, n (%) 289 (56.23%) 96 (55.81%) 97 (56.73%) 96 (56.14%) 0.985

Diabetes mellitus, n (%) 130 (25.29%) 53 (30.81%) 38 (22.22%) 39 (22.81%) 0.123

Coronary heart disease, 
n (%)

108 (21.01%) 36 (20.93%) 37 (21.64%) 35 (20.47%) 0.965

Heart failure, n (%) 112 (21.79%) 31 (18.02%) 39 (22.81%) 42 (24.56%) 0.316

Stroke/TIA, n (%) 22 (4.28%) 5 (2.91%) 6 (3.51%) 11 (6.43%) 0.226
Laboratory data
RBC, 1012/L 4.75 ± 0.51 4.64 ± 0.49 4.78 ± 0.49 4.82 ± 0.52 0.002

WBC, 109/L 6.25 ± 1.63 6.06 ± 1.52 6.35 ± 1.60 6.34 ± 1.75 0.192
PLT, 109/L 204.98 ± 52.12 210.02 ± 54.81 208.94 ± 50.25 195.97 ± 50.29 0.022

Neutrophil, 109/L 4.75 ± 0.51 4.64 ± 0.49 4.78 ± 0.49 4.82 ± 0.52 0.002

Lymphocyte, 109/L 2.02 ± 0.64 1.94 ± 0.65 2.06 ± 0.65 2.06 ± 0.61 0.136
Monocyte, 109/L 0.43 ± 0.15 0.41 ± 0.14 0.43 ± 0.14 0.45 ± 0.18 0.074

Hb, g/L 145.85 ± 16.17 142.14 ± 16.47 146.19 ± 15.91 149.24 ± 15.40 <0.001

D-dimer, mg/L 0.20 (0.12–0.38) 0.20 (0.12–0.37) 0.21 (0.11–0.37) 0.20 (0.12–0.39) 0.802
ALT, U/L 24 (17–35) 23 (15–33) 22 (16–34) 25 (19–39) 0.011

AST, U/L 22 (17–28) 22 (17–29) 21 (17–26) 23 (19–31) 0.011

Creatinine, umol/L 71.42 ± 15.38 63.75 ± 12.91 71.49 ± 13.04 79.08 ± 16.04 <0.001
TC, mmol/L 4.49 ± 1.03 4.44 ± 0.95 4.57 ± 1.16 4.46 ± 0.96 0.459

TG, mmol/L 1.22 (0.96–1.67) 1.15 (0.95–1.46) 1.22 (0.96–1.78) 1.35 (0.97–1.79) 0.025

LDL-C, mmol/L 2.45 ± 0.72 2.38 ± 0.67 2.48 ± 0.81 2.48 ± 0.68 0.340
HDL-C, mmol/L 1.13 ± 0.28 1.17 ± 0.27 1.14 ± 0.27 1.07 ± 0.28 0.002

FPG, mmol/L 5.82 ± 2.04 5.91 ± 1.89 5.82 ± 1.71 5.74 ± 2.44 0.729

UA, umol/L 360.76 ± 94.79 265.73 ± 40.76 352.56 ± 38.14 464.56 ± 62.80 <0.001
Albumin, g/L 41.50 ± 3.11 42.05 ± 3.10 41.72 ± 3.04 40.73 ± 3.04 <0.001

UAR 8.73 ± 2.36 6.32 ± 0.87 8.45 ± 0.64 11.43 ± 1.53 <0.001

Medication
Antiplatelet drugs, n (%) 59 (11.48%) 22 (12.79%) 17 (9.94%) 20 (11.69%) 0.706

Anticoagulants, n (%) 390 (75.88%) 135 (78.49%) 133 (77.78%) 122 (71.35%) 0.235

Statins, n (%) 269 (52.33%) 88 (51.16%) 98 (57.31%) 83 (48.54%) 0.249
β-blockers, n (%) 40 (7.78%) 12 (6.98%) 17 (9.94%) 11 (6.43%) 0.427

(Continued)
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correlated positively with the CHA2DS2-VASc score; of note, multiple comorbidities incorporated into this score (eg, HF, 
hypertension, DM) are linked to chronic inflammation. Regarding cardiac metrics, UAR correlated negatively with LVEF 
and positively with LVEDD and LAD, suggesting that an inflammatory and oxidative milieu may contribute to adverse 
cardiac structural and functional remodeling. Additionally, its positive association with TG and inverse relationship with 
HDL-C suggest a potential link between systemic inflammation, oxidative stress, and lipid metabolism.

Link Between UAR and LAT/SEC
Patients with LAT/SEC had significantly higher UAR levels than those without (10.21 vs. 8.42; P < 0.001) (Figure 1A), 
and the density curve showed a rising proportion of LAT/SEC cases across increasing UAR tertiles (Figure 1B). 
Multivariable logistic regression (Table 2) confirmed UAR as a robust independent predictor of LAT/SEC. When 
analyzed as a continuous variable, each one-unit increase in UAR was associated with an increased risk of LAT/SEC 
in the unadjusted model (OR: 1.36, 95% CI: 1.23–1.50; P < 0.001) and the fully adjusted Model 4 (OR: 1.43, 95% CI: 
1.25–1.66; P < 0.001). When stratified by tertiles, patients in T3 exhibited a substantially higher risk compared with those 

Table 1 (Continued). 

Characteristic Total  
(3.68–16.51)

T1  
(3.68–7.45)

T2  
(7.46–9.80)

T3  
(9.81–16.51)

P-value

Echocardiographic data
LVEF, % 54.55 ± 7.25 55.94 ± 5.50 55.34 ± 5.57 52.36 ± 9.48 <0.001

LAD, mm 41.27 ± 4.83 39.97 ± 5.01 41.71 ± 4.25 42.13 ± 4.93 <0.001

LVEDD, mm 48.36 ± 5.17 46.94 ± 4.65 48.18 ± 4.70 49.98 ± 5.67 <0.001
EDT, ms 180.33 ± 40.39 182.99 ± 41.09 182.86 ± 39.71 175.13 ± 40.08 0.119

Outcome
LAT/SEC, n (%) 89 (17.32%) 12 (6.98%) 27 (15.79%) 50 (29.24%) <0.001

Note: Data are expressed as the means± SDs, median (interquartile ranges), or numbers (percentages). 
Abbreviations: AF, atrial fibrillation; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; TIA, transient ischemic attack; 
WBC, white blood cells; RBC, red blood cells; PLT, platelet count; Hb, hemoglobin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TC, 
total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; FPG, fasting plasma glucose; 
UA, uric acid; UAR, uric acid-to-albumin ratio; LVEF, left ventricular ejection fraction; LAD, left atrial diameter; LVEDD, left ventricular end-diastolic 
dimension; EDT, E wave deceleration time.

Figure 1 Raincloud plot comparing the UAR between the LAT/SEC and the Non-LAT/SEC groups (A), and density curves of the UAR and LAT/SEC in NVAF patients (B). 
Abbreviations: UAR, uric acid-to-albumin ratio; LAT/SEC, left atrial thrombus or spontaneous echo contrast; NVAF, non-valvular atrial fibrillation.
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in T1 (unadjusted OR: 5.51, 95% CI: 2.90–11.30; fully adjusted OR: 7.04, 95% CI: 3.18–16.60; both P < 0.001). 
A significant dose-response relationship was observed across all models (P for trend < 0.001).

Non-Linear Relationship Between UAR and LAT/SEC
Adjusted RCS analysis revealed a significant overall association (P < 0.001) and a significant nonlinear relationship (P for 
non-linearity = 0.031; Figure 2A) between UAR and LAT/SEC, which was supported by smooth curve fitting and GAM 
analysis (Figure 2B). Segmented regression identified a clear inflection point at a UAR of 12.11 (Supplementary Table 3). 
Below this threshold, each unit increase in UAR was associated with a significantly higher risk of LAT/SEC (OR: 1.61, 95% 
CI: 1.36–1.92; P < 0.001). Conversely, above this threshold, the association lost statistical significance (OR: 0.82, 95% CI: 
0.51–1.31; P = 0.398). A log-likelihood ratio test confirmed that the two-piecewise linear regression model provided 
a superior fit compared with the standard linear model (P = 0.015).

Predictive Value Analysis
ROC analysis showed a significantly higher AUC for UAR than for UA (0.712 vs. 0.684, P < 0.001) and albumin (0.712 vs. 
0.612, P = 0.002) (Figure 3A and Supplementary Table 4). At the optimal cutoff value of 8.59 (sensitivity: 74.2%; specificity: 

Table 2 Logistic Regression Models for the Association Between UAR and LAT/SEC

Exposure Model 1 Model 2 Model 3 Model 4

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

UAR 1.36 (1.23, 1.50) <0.001 1.43 (1.29, 1.61) <0.001 1.48 (1.32, 1.67) <0.001 1.43 (1.25, 1.66) <0.001

UAR tertile
T1 1(Ref) 1(Ref) 1(Ref) 1(Ref)

T2 2.50 (1.25, 5.29) 0.012 2.67 (1.31, 5.72) 0.008 3.23 (1.54, 7.15) 0.003 3.30 (1.51, 7.60) 0.004

T3 5.51 (2.90, 11.30) <0.001 7.37 (3.72, 15.60) <0.001 8.83 (4.28, 19.60) <0.001 7.04 (3.18, 16.60) <0.001
P for trend 2.32 (1.70, 3.21) <0.001 2.72 (1.95, 3.88) <0.001 2.92 (2.06, 4.24) <0.001 2.56 (1.75, 3.84) <0.001

Notes: Model 1: adjusted for none. Model 2: adjusted for age, gender, BMI, and smoking status. Model 3: adjusted for age, gender, BMI, smoking status, 
hypertension, DM, HF, CHD, stroke/TIA, paroxysmal AF, anticoagulants, and antiplatelets. Model 4: adjusted for age, gender, BMI, smoking status, hypertension, 
DM, HF, CHD, stroke/TIA, paroxysmal AF, anticoagulants, antiplatelets, WBC, PLT, D-dimer, ALT, AST, creatinine, HDL-C, LDL-C, LAD, and LVEF. 
Abbreviations: UAR, uric acid-to-albumin ratio; LAT, left atrial thrombus; SEC, spontaneous echo contrast; DM, diabetes mellitus; HF, heart failure; 
CHD, coronary heart disease; TIA, transient ischemic attack; AF, atrial fibrillation; WBC, white blood cells; PLT, platelet count; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LVEF, 
left ventricular ejection fraction; LAD, left atrial diameter.

Figure 2 Non-linear relationship between UAR and LAT/SEC in NVAF patients. (A) The restricted cubic spline plot of UAR. (B) The smooth curve fitting diagram of UAR. 
Abbreviations: UAR, uric acid-to-albumin ratio; LAT/SEC, left atrial thrombus or spontaneous echo contrast; NVAF, non-valvular atrial fibrillation.

Journal of Inflammation Research 2026:19                                                                                          https://doi.org/10.2147/JIR.S608168                                                                                                                                                                                                                                                                                                                                                                                                       7

Meng et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/article/supplementary_file/608168/Supplementary%20material.pdf
https://www.dovepress.com/article/supplementary_file/608168/Supplementary%20material.pdf


61.2%), UAR substantially enhanced the predictive performance of the CHA2DS2-VASc score. Specifically, the addition of UAR 
increased its AUC from 0.708 to 0.766 (Figure 3B). These improvements were supported by significant risk reclassification and 
discrimination, with an NRI of 0.603 (95% CI: 0.371–0.846) and IDI of 0.058 (95% CI: 0.026–0.107) (both P < 0.01) 
(Supplementary Table 5). Calibration curves demonstrated good agreement between predicted and observed LAT/SEC risk 
upon adding UAR to the score (MAE = 0.006; Figure 4). Decision curve analysis (DCA) further confirmed that integrating UAR 
yielded superior clinical net benefit over the original score alone across a wide range of threshold probabilities (Figure 5).

Figure 3 Receiver operating characteristic (ROC) analysis of each prediction model. (A): Comparison of UAR, UA, and Albumin in predicting LAT/SEC. (B): CHA2DS2- 
VASc and CHA2DS2-VASc + UAR to predict LAT/SEC in NVAF patients. 
Abbreviations: UA, uric acid; UAR, uric acid-to-albumin ratio; LAT/SEC, left atrial thrombus or spontaneous echo contrast; NVAF, non-valvular atrial fibrillation.

Figure 4 Calibration curve for the CHA2DS2-VASc + UAR to predict the LAT/SEC in patients with NVAF. 
Abbreviations: UAR, uric acid-to-albumin ratio; LAT/SEC, left atrial thrombus or spontaneous echo contrast; NVAF, non-valvular atrial fibrillation.
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Subgroup and Sensitivity Analyses
Subgroup analyses by gender, age, BMI, smoking, comorbidities, and medication use showed no significant interactions 
with UAR (Supplementary Figure 3; all P for interaction > 0.05), indicating a consistent association between UAR and 
LAT/SEC across clinical subpopulations. Sensitivity analyses further corroborated the robustness of these findings 
(Table 3). The independent association between UAR and LAT/SEC remained significant after excluding patients with 
stroke/TIA, hypertension, DM, CHD, or HF in separate analyses (all P < 0.01). Furthermore, UAR maintained its 
predictive value in high-risk groups, including patients aged ≥ 50 years and those on anticoagulants. Notably, UAR was 

Figure 5 Decision curve analyses of the CHA2DS2-VASc and CHA2DS2-VASc + UAR for the incidence of LAT/SEC in NVAF patients. 
Abbreviations: UAR, uric acid-to-albumin ratio; LAT/SEC, left atrial thrombus or spontaneous echo contrast; NVAF, non-valvular atrial fibrillation.

Table 3 Sensitivity Analysis of the UAR in Predicting LAT/SEC

Sensitivity Condition Logistic Regression Analysis* ROC Curve Analysis

OR (95% CI) P value AUC (95% CI) Sensitivity (95% CI) Specificity (95% CI) P value

Entire patient cohort 1.43 (1.25, 1.66) <0.001 0.712 (0.654, 0.769) 0.742 (0.642, 0.821) 0.612 (0.565, 0.658) 1(Ref)

Exclude Stroke/TIA patients 1.51 (1.31, 1.77) <0.001 0.723 (0.665, 0.782) 0.753 (0.652, 0.832) 0.627 (0.579, 0.672) 0.777

Exclude DM patients 1.40 (1.18, 1.70) <0.001 0.681 (0.609, 0.753) 0.800 (0.676, 0.884) 0.544 (0.490, 0.597) 0.516

Exclude hypertension patients 1.49 (1.15, 2.02) 0.005 0.681 (0.577, 0.785) 0.750 (0.566, 0.873) 0.640 (0.570, 0.703) 0.612

Exclude CHD patients 1.30 (1.12, 1.52) <0.001 0.696 (0.627, 0.765) 0.723 (0.604, 0.817) 0.604 (0.551, 0.655) 0.728

Exclude HF patients 1.38 (1.17, 1.65) <0.001 0.703 (0.637, 0.769) 0.774 (0.656, 0.860) 0.594 (0.541, 0.645) 0.849

Analyze SEC only (exclude LAT) 1.33 (1.16, 1.55) <0.001 0.664 (0.599, 0.728) 0.732 (0.619, 0.821) 0.565 (0.517–0.611) 0.278

Age ≥ 50 years 1.45 (1.26, 1.68) <0.001 0.727 (0.669, 0.785) 0.736 (0.634, 0.817) 0.641 (0.592, 0.687) 0.703

CHA2DS2-VASc ≥ 2 1.42 (1.21, 1.68) <0.001 0.715 (0.649, 0.781) 0.786 (0.676, 0.866) 0.554 (0.494, 0.612) 0.941

CHA2DS2-VASc <2 1.60 (1.08, 2.56) 0.030 0.699 (0.579, 0.819) 0.789 (0.567, 0.915) 0.654 (0.576, 0.724) 0.853

Taking anticoagulants 1.45 (1.21, 1.75) 0.001 0.714 (0.642, 0.787) 0.754 (0.629, 0.848) 0.622 (0.568, 0.672) 0.951

Notes: *Adjusted for age, gender, BMI, smoking status, hypertension, DM, HF, CHD, stroke/TIA, paroxysmal AF, anticoagulants, antiplatelets, WBC, PLT, D-dimer, ALT, AST, 
creatinine, HDL-C, LDL-C, LAD, LVEF. 
Abbreviations: UAR, uric acid-to-albumin ratio; LAT, left atrial thrombus; SEC, spontaneous echo contrast; TIA, transient ischemic attack; AF, atrial fibrillation; WBC, white blood 
cells; PLT, platelet count; ALT, alanine aminotransferase; HDL-C, high-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; LAD, left atrial diameter.

Journal of Inflammation Research 2026:19                                                                                          https://doi.org/10.2147/JIR.S608168                                                                                                                                                                                                                                                                                                                                                                                                       9

Meng et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/article/supplementary_file/608168/Supplementary%20material.pdf


significantly associated with LAT/SEC regardless of CHA2DS2-VASc score (score ≥ 2: OR 1.42, 95% CI 1.21–1.68; 
score < 2: OR 1.60, 95% CI 1.08–2.56; both P < 0.05). Finally, the AUC did not differ significantly between the total 
population and these subgroups.

Mediation Analysis of UAR and LAT/SEC
Of the 10 clinically relevant candidates evaluated, only LAD and LVEF were identified as significant mediators of the 
association between UAR and LAT/SEC (Supplementary Table 6). Mediation analysis revealed that LAD (8.26%, P < 0.01) 
and LVEF (9.75%, P < 0.01) partially mediated the total effect of UAR on LAT/SEC risk (Figure 6). Importantly, the 
average direct effect (ADE) of UAR remained significant in both mediation pathways (P < 0.001), indicating that these 
factors only partially account for the association and suggesting that UAR may also exert its effect through alternative 
biological pathways.

Discussion
To the best of our knowledge, this study is the first to evaluate the relationship between UAR and LAT/SEC in patients 
with NVAF and to elucidate the underlying mediating pathways. Our primary findings are fourfold: (1) UAR is 
independently associated with LAT/SEC risk, exhibiting a distinct non-linear relationship with a critical inflection 
point at 12.11; (2) UAR significantly outperforms UA or albumin alone and provides incremental predictive value 
beyond the CHA2DS2-VASc score; (3) this association remains consistent across clinical subgroups and sensitivity 
analyses; and (4) structural remodeling (LAD) and functional impairment (LVEF) partially mediate the impact of UAR 
on LAT/SEC. These results highlight UAR as a simple, cost-effective, and promising biomarker for optimizing 
thromboembolic risk stratification in NVAF.

AF is no longer regarded merely as an isolated electrophysiological abnormality, but as a complex systemic disorder driven by 
profound metabolic and inflammatory remodeling.5,19 In this context, UAR has gained increasing attention as a reliable surrogate 
marker for this systemic burden. Derived from routine laboratory tests, it encapsulates the pathophysiological crosstalk among 
oxidative stress, inflammation, and nutritional status, thereby facilitating a more holistic assessment of the inflammatory- 
metabolic burden in AF. Owing to its resilience against confounding from comorbidities, UAR demonstrates robust predictive 
value across various AF phenotypes. For instance, Selçuk et al identified elevated UAR as an independent predictor of new-onset 
AF in ST-elevation myocardial infarction patients,20 while a retrospective study found a similar association with postoperative AF 
following coronary artery bypass grafting.21 In addition, both studies reported that UAR outperforms its individual components— 
a trend supported by our findings, where UAR achieved a significantly higher AUC (0.712) than UA (0.684) or albumin (0.612) 
alone. Beyond onset prediction, UAR has also emerged as a significant risk factor for AF recurrence post-catheter ablation.22 

These findings, coupled with the established link between elevated UAR and adverse outcomes in hypertension,23 heart failure,24 

coronary heart disease,25,26 and stroke,27 underscore its broad clinical utility as a composite marker. However, previous studies 
have primarily focused on general cardiovascular outcomes, leaving the specific impact of UAR on atrial thrombogenicity—the 

Figure 6 Mediating role of LAD (A) and LVEF (B) in the association between UAR and LAT/SEC. 
Abbreviations: UAR, uric acid-to-albumin ratio; LAT/SEC, left atrial thrombus or spontaneous echo contrast; LAD, left atrial diameter; LVEF, left ventricular ejection 
fraction.
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primary driver of thromboembolism in NVAF—insufficiently explored. Our findings address this critical gap by demonstrating 
that the systemic imbalance reflected by an elevated UAR promotes atrial thrombus formation.

Although UA and albumin exert opposing physiological effects, their concurrent dysregulation synergistically 
promotes a prothrombotic microenvironment in AF. Elevated UA induces excessive reactive oxygen species (ROS) 
production, exacerbates oxidative stress, reduces nitric oxide (NO) bioavailability, and leads to endothelial dysfunction.28 

Additionally, UA activates the NLRP3 inflammasome, triggering the release of pro-inflammatory cytokines (eg, IL-1β, 
IL-18),29 which drive platelet and coagulation activation.30 In contrast to UA, serum albumin scavenges ROS, mitigating 
oxidative stress and metabolic imbalance.31 This antioxidant capacity confers anticoagulant and antiplatelet effects, 
preserving endothelial homeostasis.32 Moreover, hyperuricemia-induced inflammatory cascades not only suppress hepa
tic albumin synthesis but also increase vascular endothelial permeability, promoting albumin leakage and aggravating 
hypoalbuminemia.29,33 Hypoalbuminemia elevates blood viscosity and disrupts microvascular hemorheological 
properties.34 Consequently, an elevated UAR drives a vicious cycle of endothelial injury, platelet activation, and 
abnormal hemorheology. Consistent with Virchow’s triad, this distinct hematological mechanism establishes the core 
pathological basis for LAT/SEC, acting in concert with macroscopic structural remodeling to drive thrombus formation.

While current guidelines prioritize the CHA2DS2-VASc score for thromboembolic risk stratification in NVAF, this 
clinically based system may not fully capture the complex biological heterogeneity of individual patients.1 Our findings 
demonstrate that incorporating UAR as an objective biomarker significantly refines this assessment: adding UAR to the 
CHA2DS2-VASc score markedly improved the C-index, while significant positive NRI and IDI values confirmed superior 
risk reclassification and enhanced identification of high-risk individuals. Calibration curves showed strong agreement 
between predicted and observed risks, providing a reliable basis for clinical decision-making. Moreover, DCA verified 
that the integrated model yields a higher net benefit across a broad range of threshold probabilities. This enables 
clinicians to more precisely tailor anticoagulation therapy, reducing both overtreatment and undertreatment. The utility 
of this integrated strategy is supported by Gong et al, who recently validated the incremental prognostic value of 
incorporating UAR into the CHA2DS2-VASc score for predicting mortality in AF.35 However, our study provides 
a critical mechanistic complement to their findings. Whereas their work underscores the prognostic utility of UAR for 
adverse clinical endpoints, our approach offers pathophysiological insights by leveraging the direct visualization of 
embolic precursors. By linking UAR profiles to these early-stage pathological markers, we position UAR as 
a biologically anchored biomarker that refines individualized risk management in NVAF.

Our study also provides quantitative evidence supporting the “inflammation–cardiac remodeling–thrombosis” cas
cade. Spearman correlation analyses revealed that elevated UAR was positively correlated with LAD and negatively 
correlated with LVEF, reflecting adverse structural and functional remodeling. Moreover, mediation analysis identified 
LAD and LVEF as key partial mediators, accounting for 8.26% and 9.75% of the total effect of UAR on LAT/SEC risk, 
respectively (both P < 0.01). While the direct effect of UAR (P < 0.001) reflects endothelial dysfunction and 
hypercoagulability, its indirect effects capture the structural and functional facets of stasis. Mechanistically, we hypothe
size that the inflammatory and oxidative milieu reflected by elevated UAR likely promotes atrial interstitial fibrosis and 
disrupts intracellular calcium handling,35,36 which clinically manifests as progressive atrial dilatation and impaired 
myocardial contractility in our cohort. Although enlarged LAD and reduced LVEF are established predictors of LAT/ 
SEC,37–40 our study reframes them as mechanistic mediators within the inflammatory-metabolic axis associated with 
UAR. This represents a key distinction from previous studies that primarily viewed them as isolated predictors rather 
than intermediate links in this thrombogenic cascade. These findings suggest that upstream interventions targeting this 
axis may optimize cardiac architecture and function, thereby indirectly mitigating thromboembolic risk in NVAF.

Limitations and Future Directions
Despite these novel findings, several limitations warrant consideration. First, the retrospective, single-center design and 
relatively small sample size preclude establishing causality. The lack of an independent external validation cohort may limit 
the generalizability of our results. Second, the absence of head-to-head comparisons with traditional inflammatory markers 
(eg, CRP, IL-6) restricts our ability to define the clinical specificity of UAR. Third, biomarkers were assessed only at 
admission, without tracking dynamic fluctuations during hospitalization; thus, the temporal association between UAR and 
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LAT/SEC risk remains to be fully elucidated. Fourth, our study was restricted to patients undergoing TEE prior to cardiover
sion or ablation. This highly selected cohort may not represent the general AF population, inherently introducing selection bias 
and potentially overestimating the clinical risk of LAT/SEC. Fifth, the relatively low event count may increase the risk of 
overfitting in multivariable models; therefore, results should be interpreted with caution. Finally, despite adjusting for known 
confounders, residual confounding from unmeasured variables—such as dietary patterns, medication adherence, and comor
bidity severity—cannot be entirely excluded. In light of these considerations, UAR should be viewed as a complementary 
marker rather than a replacement for clinical evaluation or TEE in these settings.

Future research should focus on the following directions: (1) large-scale prospective and multi-center studies with 
external validation; (2) directly comparing the predictive value of UAR against established inflammatory markers and 
assessing its dynamic temporal changes; and (3) elucidating the underlying mechanisms to explore the potential of 
inflammation-targeted therapies for improving patient outcomes.

Conclusion
This study demonstrates that UAR independently predicts LAT/SEC in patients with NVAF, with superior predictive 
accuracy over its individual components and significant incremental value beyond the CHA2DS2-VASc score. 
Furthermore, our findings underscore the significance of the inflammatory-metabolic axis, suggesting that the synergistic 
imbalance between UA and albumin contributes to atrial thrombogenesis, a process partially mediated by left atrial 
structural (LAD) and functional (LVEF) remodeling. As an easily accessible and cost-effective biomarker, UAR provides 
a practical strategy to refine thromboembolic risk stratification and may help guide personalized anticoagulation. Future 
large-scale prospective studies are warranted to validate these findings and explore the therapeutic potential of targeting 
this axis to mitigate thromboembolic risk in NVAF.
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