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Abstract
Background: The link between serum uric acid (SUA) and the risk of cardiovascular 
disease is well established. However, the impact of SUA levels on the risk of venous 
thromboembolism (VTE) recurrence is unknown.
Objectives: To investigate the association between SUA and the risk of VTE recurrence.
Patients and Methods: We performed a monocenter, prospective study on 280 pa-
tients with a previous episode of VTE that completed the oral anticoagulant period. 
SUA levels at enrollment were correlated with the risk of VTE recurrence (mean fol-
low-up 71.1 ± 29.2 months).
Results: Patients were stratified according to SUA tertiles distribution at baseline 
(tertiles cut-off: I ≤ 4.37 mg/dL, II 4.38--5.54 mg/dL, III ≥ 5.55 mg/dL). Fifty episodes 
of VTE recurrence occurred during the follow-up and Kaplan-Meier survival analysis 
showed that subjects in the lower tertile of SUA distribution had significantly lower 
risk of future VTE recurrence (P = .003). No differences were seen among patients 
belonging to the second and the third tertile of SUA distribution. A multivariate Cox 
regression analysis showed that higher tertiles of SUA distribution had about three-
fold increase in the risk of VTE recurrence as compared to subjects with SUA ≤ 4.37, 
independently from potential confounders (hazard ratio [HR] 3.04, 95% confidence 
interval [CI] 1.15--8.05 P = .025). Moreover, we observed that the adjusted hazard of 
VTE recurrence increased by 30% for each additional unit of SUA (mg/dL; HR 1.30, 
95% CI 1.01--1.22, P = .040).
Conclusion: Elevated SUA levels are associated with increased risk of future VTE 
recurrence independently from traditional risk factors.
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1  | INTRODUC TION

Uric acid is the final product of purine metabolism. In recent years, 
several population-based studies have reported an association be-
tween serum uric acid (SUA) levels and increased risk of cardiovas-
cular (CV) disorders such as hypertension,1 myocardial infarction,2 
stroke,3 peripheral arterial disease,4 and sudden cardiac death.5,6 
Despite the fact that a continuous relationship between SUA and all-
cause and CV mortality has been suggested by many studies, more 
recently, data from the URRAH study (Uric Acid Right for Heart 
Health), allowed us to identify prognostic cut-off values for major 
adverse events.6,7 Based on these findings SUA values of 4.7 and 
5.7 mg/dL have been identified as optimal predictors, respectively, 
for all-cause mortality and fatal myocardial infarction.6,7 These data 
further demonstrated that not only hyperuricemia, defined as SUA 
levels > 7 mg/dL in men or >6 mg/dL in women, but also lower SUA 
values are significantly associated with adverse CV outcomes.

Despite significant improvement in diagnosis and treatment, ve-
nous thromboembolism (VTE) still represents one of the most im-
portant causes of morbidity and mortality worldwide.8 Given the 
well-established link between SUA and progression of atheroscle-
rosis,9,10 some authors have investigated whether elevated levels 
of SUA could be an independent risk factor for VTE, acting as an 
important linkage among endothelial dysfunction, inflammation, and 
pro-thrombotic state. The Atherosclerosis Risk in Community (ARIC) 
Study, involving 14 126 participants aged 45 to 64 years, first re-
ported an association between high levels of SUA and increased risk 
of VTE.11 Other authors demonstrated a role of SUA as an indepen-
dent predictor of short-term mortality in pulmonary embolism12 or 
as a risk factor for VTE in patients with gout.13

However, it is currently unknown whether SUA levels can pre-
dict the risk of VTE recurrence. To clarify this aspect, we performed 
a prospective study in a cohort of patients with a first episode of 
VTE, without history of recurrence, and that had completed the oral 
anticoagulant period.

2  | MATERIAL S AND METHODS

2.1 | Population and study design

We performed an observational perspective cohort study on 486 
patients with a previous diagnosed episode of deep vein thrombosis 
(DVT) and/or pulmonary embolism (PE) who were referred between 
October 2010 and October 2019 to the Thrombosis Unit of the Cà 
Foncello University Hospital in Treviso, Italy. We included in the pre-
sent study patients without history of VTE recurrence and not tak-
ing oral anticoagulants at enrollment (n = 236). We also considered 
for the present analysis all the subjects that stopped anticoagulants 
during the clinical follow-up (n = 44). All the clinical characteristics 
of the index VTE event were obtained from the medical record of the 
patients. At the time of the first event each patient was hospitalized 
and treated with either intravenous adjusted-dose of unfractionated 

heparin or fixed dose low molecular weight heparin (LMWH) fol-
lowed by vitamin K antagonists (VKA) for at least 3 months (the de-
cision to prolong the oral anticoagulation was made on an individual 
basis considering the risk of recurrent VTE). All the VTE events were 
classified as “unprovoked” in the absence of triggering factors and 
considered “provoked VTE” if the events were associated with at 
least one of the following conditions: surgery, trauma, bone frac-
ture, immobilization, acute medical disease, oral contraceptives, hor-
monal replacement therapy, or pregnancy. We collected information 
about the site of DVT (proximal or distal), presence of PE, history of 
recurrence, and presence of thrombophilia. Results of the screen-
ing for thrombophilic conditions were available for 210 patients 
and included: anti-thrombin III (n  =  1), factor V Leiden mutation 
(n = 28), prothrombin G20210A mutation (n = 21), protein C (n = 3) 
and protein S (n = 7) deficiency, and lupus anticoagulant (n = 1). We 
excluded from the present study patients with active or previous 
cancer. During the follow-up we contacted the patients annually or 
semi-annually by phone to ask about the occurrence of the follow-
ing clinical events: VTE recurrence (DVT and/or PE), acute coronary 
syndrome (ACS), stroke/transient ischemic attack (TIA), and death. 
All the clinical information reported by the patients (or by the rela-
tives) was then verified through a direct examination of the hospital/
medical records (see Figure S1 in supporting information for study 
design).

All the subjects enrolled gave written informed consent and the 
study was approved by the local ethics committee.

2.2 | Clinical data collection and biochemical 
analysis at baseline

The following data were collected from each patient: age; sex; 
height; weight; body mass index (BMI, calculated as body weight 
[Kg] divided by the square of the height [m]); history of atheroscle-
rotic cerebro-cardiovascular events (ischemic stroke, TIA, ACS); 
known diabetes; current use of antihypertensive drugs, antiplatelet 
drugs, and lipid lowering treatment. Blood pressure (BP) was meas-
ured at enrollment using a standard procedure (the mean of three 
measures 1  minute apart was considered to establish systolic BP 

Essentials

•	 Increase in serum uric acid (SUA) levels has been widely 
associated with higher risk of cardiovascular disease.

•	 We investigated the link between SUA levels and the 
risk of venous thromboembolism (VTE) recurrence.

•	 Patients with SUA levels ≥ 4.38 mg/dL showed a three-
fold increase in the risk of VTE recurrence.

•	 Elevated SUA levels are associated with increased risk 
of recurrent VTE independently from traditional risk 
factors.
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[SBP] and diastolic BP [DBP] values). Hypertension was defined as 
SBP ≥ 140 and/or DBP ≥ 90 or ongoing antihypertensive medica-
tions. All the subjects underwent fasting blood sampling to measure 
creatinine level and glomerular filtration rate (GFR) was estimated 
through the 2009 CKD-EPI (Chronic Kidney Disease Epidemiology 
Collaboration) creatinine equation. Blood serum samples were 
also collected from each patient and stored at −70°C until further 
analysis. SUA levels were measured using the uricase method (enzy-
matic–colorimetric assay on a Cobas C702, Roche Diagnostics) and 
expressed as mg/dL.

2.3 | Statistical analysis

Data have been expressed as mean  ±  standard deviation (SD) or 
as percentage. Patients were grouped according to tertiles of SUA 
distribution at baseline. Comparison between groups of continuous 
variables was performed by analysis of variance followed by least 
significant difference (LSD) post-hoc analysis. Chi-square test was 
used for the comparison of categorical variables.

A Kaplan-Meier survival analysis was then performed to inves-
tigate the association between the different tertiles and the risk of 
VTE recurrence. The log rank (Mantel-Cox) test was used for the 
comparison between survival curves of the three groups. Cox re-
gression analysis was then conducted to estimate the association 
between the different SUA tertiles and the risk of recurrent VTE 
(considering the lowest tertile as a reference group). Univariate and 
multivariate Cox proportional hazards models were also computed 
considering SUA as a continuous variable and taking into account the 
following covariates: gender, age, BMI, hypertensive status, previous 
cardiovascular event, estimated GFR (eGFR), as well as the type of 
VTE index event. For all the models considered, the proportional 
hazard hypothesis is never rejected by the Schoenfeld residuals test. 
To graphically investigate the association between SUA levels and 
VTE recurrence risks, we used a restricted cubic spline model, based 
on five knots.

Statistical significance was considered as a two-tailed P < .05. All 
the analyses were performed by using STATA 16.

3  | RESULTS

3.1 | Population characteristics and baseline data

We enrolled a total of 280 subjects with a previous episode of VTE 
and not taking oral anticoagulants at enrollment visit. This cohort 
also includes 44 patients that completed the oral anticoagulation 
treatment during the follow-up (in this case the follow-up time was 
initiated at the time of therapy interruption). General characteris-
tics of the cohort are shown in Table 1. For the present analysis the 
population was stratified according to SUA tertiles distribution. In 
particular, we identified three groups that were characterized by 
the following SUA cut-off values: first tertile ≤ 4.37 mg/dL (range 

2.02--4.37, n = 95), second tertile 4.38--5.54 mg/dL (range 4.40--
5.50, n = 88), third tertile ≥ 5.55 mg/dL (range 5.55--9.08, n = 97). 
Baseline clinical and biochemical characteristics of the three groups 
are summarized in Table 2. In particular, we observed that those with 
higher SUA were more likely to be male, older, to have higher BMI, 
higher BP levels, and lower eGFR values. No major differences were 
present between groups for the main characteristics of the VTE 
index event.

3.2 | Uric acid levels and the risk of VTE recurrence

The patients were followed for an average time of 
71.1 ± 29.2 months (range 1--105 months) and during this time pe-
riod 50 subjects (17.8%) experienced a symptomatic recurrence of 
VTE. As for the characteristics of the recurrent event we found 
that: 21 patients had ipsilateral DVT, 12 patients had contralateral 
DVT, isolated PE was observed in 3 cases, 11 patients had a com-
bination of DVT/PE. Thirty-six subjects (72%) had an unprovoked 
recurrence, whereas in 14 cases the recurrent event was consid-
ered “provoked.” Twelve patients died during the clinical follow-
up and in four cases the death was ascribed to the recurrent VTE 
and in particular to fatal PE. Comparison of baseline characteris-
tics between patients with or without recurrent VTE are shown in 
Table S1 in supporting information.

TA B L E  1   Characteristics of the population

N 280

Age, years (SD) 57.0 (14.5)

Gender—male, n (%) 142 (50.7)

BMI, kg/m2 (SD) 26.9 (4.3)

Mean SBP, mmHg (SD) 134.1 (20.4)

Mean DBP, mmHg (SD) 86.7 (10.9)

Hypertension (%) 167 (59)

Mean serum uric acid, mg/dL (SD) 5.06 (1.3)

Mean eGFR, mL/min/1.73 m2 (SD) 87.1 (18.1)

Diabetes, n (%) 15 (5.4)

History of atherosclerotic events, n (%) 25 (8.9)

Therapy with statins, n (%) 44 (15.7)

Antiplatelet therapy, n (%) 40 (14.3)

Acid Uric lowering agents, n (%) 9 (3.2)

Gout, n (%) 11 (4.1)

VTE characteristics (first event)

Type of VTE, unprovoked (%) 147 (52.5)

DVT site, proximal (%) 146 (52.1)

Pulmonary embolism, yes (%) 88 (31.4)

Thrombophilic defect, yes (%)a  61 (21.7)

Abbreviations: DPB, diastolic blood pressure; DVT, deep vein 
thrombosis; eGFR, estimated glomerular filtration rate; SBP, systolic 
blood pressure; SD, standard deviation; VTE, venous thromboembolism.
aData available for 210 patients. 
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To investigate the association between SUA levels and the 
risk of VTE we plotted the Kaplan-Meier survival curves of the 
three groups of patients. As shown in Figure 1, the lowest risk of 
VTE recurrence was observed in the group of subjects belonging 
to the first tertile of SUA levels (≤4.37 mg/dL). On the contrary 
patients grouped in the second and third tertile of SUA distribu-
tion showed an overlap in the trend of the cumulative risk of re-
current VTE (Figure  1). The statistical comparison of the three 
curves confirmed that survival functions are equivalent for sec-
ond and third tertile of SUA distribution (P =  .97). On the other 

hand, second and third tertile both differ with respect to the first 
(first versus second tertile P  =  .0015, first versus third tertile 
P = .0022).

In Table 3 we summarize the hazard ratios (HRs) for VTE recur-
rence in the three tertiles of SUA. The analysis shows that the sec-
ond and third tertile of SUA distribution have more than three-fold 
increase in the risk of VTE recurrence as compared to subjects with 
SUA ≤ 4.37 mg/dL. This increase in the risk was independent from 
several potential confounders, including age, gender, BMI, type of 
VTE, previous CV event, hypertension, and eGFR.

Serum uric acid, mg/dL

P≤4.37 4.38-5.54 ≥5.55

N 97 88 95

Mean age, years (SD) 53.1 (15.3) 58.7 (13.5)* 59.3 (13.8.)* .005

Male sex, n (%) 18 (18.9) 48 (54.5) 76 (78.4) <.0001

BMI (SD) 25.4 (3.7) 27.6 (5)* 28 (3.9)* <.0001

Mean SBP, mmHg (SD) 127.8 (19.7) 137.9 (22.5)* 137 (17.2)* .001

Mean DBP, mmHg (SD) 84.4 (10.7) 87.5 (11.8)* 88.6 (9.4)* .019

Hypertension, n (%) 40 (42.1) 52 (59.1) 75 (77.3) <.0001

Mean eGFR, mL/
min/1.73m2 (SD)

91.1 (19.9) 88.6 (13.9) 82.0 (18.4) .001

Diabetes, n (%) 5 (5.3) 5 (5.7) 5 (5.2) ns (.98)

Mean serum uric acid, 
mg/dL (SD)

3.67 (0.6)**,*** 4.96 (0.28)*,*** 6.51 (0.85)*,** <.0001

Gout, n (%) 3 (3.2) 3 (3.6) 5 (5.4) ns (.72)

Serum uric acid–
lowering agents, n (%)

3 (2.0) 2 (2.3) 4 (4.1) ns (.59)

History of 
atherosclerotic events, 
n (%)

2 (2.1) 10 (11.4) 13 (13.4) .014

Therapy with statins, 
n (%)

6 (6.3) 17 (19.3) 21 (21.6) .008

Antiplatelet therapy, 
n (%)

8 (8.4) 15 (17) 17 (17.5) ns (.13)

Follow-up time, months 
(SD)

74.7 (30) 70.9 (28.3) 67.7 (29.2) ns (.26)

VTE characteristics (first event)

Type of VTE, 
unprovoked (%)

54 (56.8) 45 (51.1) 48 (49.5) ns (.56)

DVT site, proximal (%) 40 (41.2) 53 (60.2) 53 (55.7) ns (.15)

Thrombophilic defect, 
yes (%)a 

15 (21.) 25 (37.3) 21 (28.4) ns (.13)

Pulmonary embolism, 
yes (%)

32 (33.7) 26 (29.5) 30 (30.9) ns (.82)

Abbreviations: BMI, body mass index; DPB, diastolic blood pressure; DVT, deep vein thrombosis; 
eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure; SD, standard deviation; 
SUA, serum uric acid; VTE, venous thromboembolism.
aData were available for 210 patients (n = 69 in SUA ≤ 4.37 mg/dL, n = 67 in SUA 4.38-5.54 mg/dL, 
n = 74 in SUA ≥ 5.55 mg/dL). 
*P < .05 vs SUA ≤ 4.37 mg/dL. 
**P < .05 vs SUA 4.38-5.54 mg/dL. 
***P < .05 vs SUA ≥ 5.55 mg/dL. 

TA B L E  2   Baseline characteristics of 
the patients according to tertiles of serum 
uric acid levels
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Based on results obtained from the analysis of survival curves 
and Cox regression, we decided to perform additional investigations 
to compare the risk of VTE recurrence between patients with base-
line SUA levels higher or lower than 4.38 mg/dL. This analysis con-
firmed the significant increase in risk of VTE recurrence for patients 
with higher SUA levels independent from several baseline charac-
teristics. In particular, the fully adjusted model showed that patients 
with SUA values ≥ 4.38 mg/dL had an HR for VTE recurrence of 3.48 
(95% confidence interval [CI] 1.41--8.59, P =  .007, Table S2 in sup-
porting information). We also used this cut-off value to estimate the 
risk of thrombotic recurrence in different subgroups of our popula-
tion. In particular, we found that SUA levels higher than 4.38 mg/
dL remained significantly associated with the risk of VTE recurrence 
even when we limited the analysis to patients with history of unpro-
voked VTE (HR 3.73, 95% CI 1.2-11.1, P = .018). A similar finding was 
obtained when we grouped unprovoked VTE patients together with 
provoked VTE patients with “nonsurgical factors” (HR 3.96, 95% 
CI 1.31--11.9, P =  .014). In addition, even when we excluded from 
the analysis patients that experienced a “provoked” recurrent event 
or subjects with ongoing oral anticoagulant use at enrollment, we 
found that SUA levels ≥ 4.38 mg/dL still remained associated with an 

increased risk of thrombotic recurrence (respectively, HR 3.78, 95% 
CI 1.27--11.2 P = .017, and HR 3.28, 95% CI 1.31--8.23, P = .011).

We also performed a univariate and multivariate Cox regression 
analysis to estimate the HRs for VTE recurrence considering SUA as 
a continuous variable (Table 4). The analysis showed that SUA levels 
were significantly associated with a higher risk of future VTE recur-
rence. In particular, we observed that for each additional unit of SUA 
(mg/dL) the hazard of recurrence increases by 37% (HR 1.37, 95% CI 
1.12--1.68, P = .002). This association remained significant with an HR 
of 1.30 even after adjustment for age, gender, BMI, presence of hyper-
tension, type of VTE, and renal function (95% CI 1.01--1.67, P = .040). 
The multivariate analysis also showed an independent significant asso-
ciation between the risk of future VTE recurrence and baseline eGFR 
values as well as history of unprovoked event (respectively, HR 0.97, 
95% CI 0.96--0.99, P = .030 and HR 1.98, 95% CI 1.08--3.65, P = .026).

Based on the latter multivariate model (Table 4), we performed 
a further analysis to measure the in-sample association between 
HRs and SUA. As a reference (HR = 1) we considered a hypothetical 
patient with the following characteristics: SUA  =  4.38  mg/dL, fe-
male, age 45 years, eGFR = 90 mL/min/1.72 m2, previous provoked 
VTE, BMI = 21.5 kg/m2, normotensive, no history of cardiovascular 

F I G U R E  1   Risk of venous thromboembolism recurrence according to tertiles of serum uric acid (SUA) baseline values

SUA levels

Log Rank p = 0.003
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Serum uric acid (mg/dL)

≤4.37 4.38-5.54 P ≥5.55 P

Unadjusted Ref. 3.92 (1.58--9.71) .003 3.86 (1.56--9.54) .003

Model 1 Ref. 3.68 (1.43--9.44) .007 3.56 (1.34--9.45) .011

Model 2 Ref. 3.80 (1.47--9.86) .006 3.76 (1.39--10.16) .009

Model 3 Ref. 3.87 (1.51--9.89) .005 3.04 (1.15--8.05) .025

Note: Model 1: Adjusted for age and gender; Model 2: Adjusted for age, gender, BMI and type of 
VTE; Model 3: Adjusted for age, gender, BMI, type of VTE, previous CV event, hypertension, and 
eGFR.
Abbreviations: BMI, body mass index; CI, confidence interval; CV, cardiovascular; eGFR, estimated 
glomerular filtration rate; VTE, venous thromboembolism.

TA B L E  3   Hazard ratios (95% CI) for 
VTE recurrence according to serum uric 
acid level
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events. Grounded on these results, we computed the HR for each 
patient considered in the study and estimated the non-linear rela-
tionship between HRs and SUA levels (Figure 2) through a restricted 
cubic spline. This analysis clearly showed a progressive increase in 
HRs for VTE recurrence in patients with higher baseline levels of 
SUA. This association tends to be stronger for levels of SUA larger 
than 5 mg/dL.

4  | DISCUSSION

The present study was undertaken to investigate the association be-
tween SUA levels and the risk of VTE recurrence. The major finding 

was that among patients with a first episode of VTE increased levels 
of SUA are associated with a higher risk of thrombotic recurrence. 
This correlation remained significant even after adjustment for 
age, gender, BMI, presence of hypertension, type of VTE, and renal 
function.

To the best of our knowledge this is the first study that inves-
tigated the impact of SUA levels on VTE recurrence. In the current 
study we followed-up 280 subjects with a previous episode of VTE 
for a mean period of 71.1 ± 29.2 months. Our results showed that 
SUA levels > 4.37 mg/dL (corresponding to the second and third 
tertile of SUA distribution in our population), were significantly 
associated with higher risk of future VTE recurrence. Relatively 
few investigators have analyzed the impact of SUA levels on VTE 

Variable
Univariate HR 
(95% CI) P

Multivariate HR 
(95% CI) P

Age 1.01 (0.99-1.03) .179 0.99 (0.96-1.01) .551

Gender (male) 1.68 (0.95-2.98) .070 1.32 (0.70-2.48) .386

BMI 1.03 (0.97-1.09) .250 1.03 (0.96-1.10) .349

Hypertension 1.57 (0.87-2.86) .132 1.02 (0.50-2.11) .941

Unprovoked VTE 1.86 (1.02-3.37) .041 1.98 (1.08-3.65) .026

eGFR (mL/min/1.73 m2) 0.97 (0.96-0.99) .002 0.97 (0.96-0.99) .030

Previous CV event 0.63 (0.19-2.02) .406 0.36 (0.10-1.22) .102

Serum uric acid (mg/dL) 1.37 (1.12-1.68) .002 1.30 (1.01-1.67) .040

Abbreviations: BMI, body mass index; CI, confidence interval; CV, cardiovascular; eGFR, estimated 
glomerular filtration rate; HR, hazard ratio; VTE, venous thromboembolism.

TA B L E  4   Univariate and multivariate 
Cox regression hazard ratios for VTE 
recurrence

F I G U R E  2   Association between venous thromboembolism recurrence risk and serum uric acid levels. Interpolation with restricted 
cubic spline is based on the multivariate model (Table 4). The solid green line is the estimated hazard ratio, the shaded blue area the 95% 
confidence interval whereas red points are the hazard ratios for each patient
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occurrence and they mainly focused on the first episode of VTE. 
The ARIC study was the largest population-based study to inves-
tigate whether elevated SUA levels were associated with VTE in 
a large population of 14 126 subjects aged 45 to 64 years, with-
out a history of VTE or gout and not using anticoagulants or SUA-
lowering medications. The authors demonstrated a correlation 
between elevated SUA values and increased risk of VTE. This was 
observed also in patients with gout, although it was not statistically 
significant. Interestingly, in the ARIC study the positive trend was 
maintained across six different categories of SUA, with the lowest 
risk of incident VTE observed in subjects with SUA ≤ 4.9 mg/dL.11 
Our findings are in line with this previous study, and in particular 
with the observation that the lowest number of VTE recurrences 
occurred in patients with very low levels of SUA. Moreover, even 
when we set in our population a cut-off value for SUA at 4.9 mg/
dL, we still observed a significant, independent increase in the 
risk of VTE recurrence among patients with higher SUA levels at 
enrolment (HR 2.05, 95% CI 1.05--4.00, P = .034). Overall, these 
data clearly indicate that the association between SUA and the 
risk of VTE remain significant even for SUA values lower than 
those used in clinical practice for defining hyperuricemia. More 
recently, Sultan and colleagues reported a 25% increased risk of 
developing VTE in patients with gout after the diagnosis.13 In our 
study only 11 subjects had a history of gout and only 30 subjects 
showed SUA levels > 6.8 mg/dL, a value above which crystal depo-
sition may occur leading to gout. Due to the limited number of 
patients with these characteristics we cannot establish whether 
very high levels of SUA can be associated with an additional risk 
for VTE recurrence. However, when the analysis was performed 
using SUA as a continuous variable, we observed a progressive in-
crease in the risk for VTE recurrence that became more evident for 
SUA > 5 mg/dL (Figure 2).

In a previous study we reported a significant correlation between 
reduction in renal function and the risk of VTE recurrence.14 This as-
sociation was confirmed in the present analysis as we observed an 
inverse correlation between eGFR values and the risk of a second 
thrombotic event (HR 0.97, 95% CI 0.96--0.99, P = .002). Of interest, 
in the adjusted analysis, both SUA and the renal function remained 
independently associated with VTE recurrence, suggesting that the 
reduction in eGFR cannot fully explain the link between SUA and the 
thrombotic events.

Inflammation and oxidative stress are considered the major 
pathogenetic mechanisms driving the link between SUA and 
CV disease. SUA, even at physiologic concentrations, has been 
demonstrated to promote inflammatory response (such as in-
crease in tumor necrosis factor alpha, interleukin 6, and C-reactive 
protein) as well as to impair proliferation/migration and nitric 
oxide (NO) release from human vascular cells.15,16 Inflammation, 
therefore, might be a plausible linkage between UA and VTE. 
According to some investigators, the inflammatory activation of 
endothelial cells induced by oxygen reactive species derived from 
SUA metabolism could trigger a cascade reaction leading to en-
dothelial injury, which is one of the initial triggers involved in the 

clotting formation (according to Virchow's triad).17 Other studies 
also demonstrated that monosodium urate crystals can trigger in-
flammatory response18 and the release of neutrophil extracellular 
traps (NETs) by neutrophils.19 In animal models the occurrence of 
NETosis has been linked to the pathogenesis of thrombotic events, 
including VTE.20 In addition, markers of NETosis are increased in 
subjects with acute VTE21 and can be found in vivo within both 
arterial and venous thrombi.22 Additional investigations are 
needed to establish which of the pathophysiological mechanisms 
listed above are preferentially driven by SUA and trigger venous 
thrombosis.

Our major findings, as well as data from subgroup analysis, can 
have significant clinical implications for the management of pa-
tients with VTE. Although some scores, based on D-dimer levels, 
age, hormone therapy, male gender, and site of VTE, have been val-
idated to support the decision on prolonging oral anticoagulation 
after the first 3  months,23,24 a certain degree of uncertainty still 
remains in the clinical approach to some groups of patients. Other 
clinical features, such as obesity, cancer, residual vein thrombosis, 
and hereditary thrombophilia are currently used in clinical practice 
to estimate the risk of VTE recurrence. The current study suggests 
that both renal function and SUA levels could be added to the list 
of tools to be used in the clinical evaluation of patients with a first 
episode of VTE. For instance, our subgroup analysis suggests that, 
even in the high-risk group of patients with a previous unprovoked 
VTE event, very low levels of SUA are associated with a low risk of 
VTE recurrence. Moreover, the observation that higher SUA levels 
remained associated with an increased risk of recurrence even after 
exclusion of “provoked” recurrent event further indicates that SUA 
could represent a potent predictor of unprovoked VTE recurrence. 
Thus, determination of SUA levels could support the clinical deci-
sion whether or not to extend oral anticoagulation beyond the first 
3--6 months of treatment. Nevertheless, further investigations on 
larger population are needed to confirm our findings and to identify 
as well as validate cut-off values that can help physicians in their 
daily practice.

There are some limitations in the present study. First, SUA lev-
els were measured only at enrolment and they were not available 
during the follow-up period. Thus, we cannot exclude the pres-
ence of confounding factors interfering with SUA levels and VTE 
recurrence during the follow-up period. Second, we did not collect 
data about inflammatory markers, thus we are not able to assess 
the impact of systemic inflammation on VTE recurrence and its 
correlation with SUA levels. The prospective and long-term design 
of our investigation represents the major strength of this study, 
which allows us to continue the follow-up period and the collec-
tion of data.

In conclusion, we found that SUA is an independent risk factor 
for recurrence of VTE after a first episode of DVT/PE. This obser-
vation might have significant implications in the management of oral 
anticoagulation in some groups of patients, although additional stud-
ies are needed to confirm these findings and identify SUA cut-off 
values that might drive clinical decisions.
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