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Summary

Background and aim Bile acid metabolism plays a crucial role in maintaining the delicate balance between
coagulation and anticoagulation processes. However, there is a paucity of research exploring the relationship
between serum total bile acids (TBA) levels and the risk of deep venous thrombosis (DVT) in Chinese individuals.
The primary objective of this study is to investigate the association between TBA levels and DVT occurrence in this
population.

Methods and results A cross-sectional study was conducted involving 4522 patients with suspected DVT, recruited
from June 2018 to October 2023, at the First Affiliated Hospital of Xi'an Jiaotong University. After rigorous screening,
3165 patients were included in the final analysis. Participants were categorized into three TBA level groups: low-level
(TBA< 2.3 umol/L), moderate-level (2.3 <TBA <4.3 umol/L), and high-level (TBA>4.3 umol/L). Logistic regression
analysis was utilized to assess the relationship between TBA levels and DVT risk, adjusting for potential confounders.
The median age of the study population was 63 years, with a median TBA level of 3.2 (1.9-5.3) umol/L. The findings
revealed that, compared to the low-level TBA group, the moderate and high-level TBA groups had significantly higher
odds ratios (ORs) for DVT, with ORs of 1.47 (95% Cl: 1.21 to 1.78, P<0.001) and 1.91 (95% Cl: 1.58 to 2.32, P<0.001),
respectively. Interestingly, higher TBA levels were also associated with reduced odds of bleeding risk, with ORs of 0.81
(95% Cl: 0.63 to 1.03, P<0.001) and 0.64 (95% Cl: 0.5 to 0.81, P<0.001), respectively.

Conclusions Our study provides evidence that serum TBA levels may serve as a risk factor for DVT in Chinese
individuals, with higher levels conferring an increased risk. Additionally, unexpectedly, higher TBA levels were found
to be associated with a reduced risk of bleeding complications. These findings have significant implications for
understanding the complex interplay between bile acid metabolism and deep venous thrombosis, and warrant
further investigation.
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Introduction

Deep venous thrombosis (DVT) typically presents with
pain and asymmetrical limb swelling, representing a
life-threatening vascular condition. This condition often
leads to severe complications, including pulmonary
embolism (PE) and post-thrombotic syndrome (PTS)
[1, 2]. While numerous risk factors, such as age, body
mass index (BMI), and D-dimer levels, have been associ-
ated with DVT and serve as predictors of its occurrence,
the diagnosis of DVT remains challenging prior to the
manifestation of overt symptoms. Notably, anticoagula-
tion management plays a pivotal role in minimizing the
risks of thromboembolic and bleeding complications [1].
Hence, there is a pressing need to identify readily acces-
sible clinical markers that are strongly correlated with the
presence of DVT, as these can aid in earlier diagnosis and
improved management of the disease.

Bile acids, as crucial physiological agents, function as
signaling molecules and metabolic regulators that acti-
vate nuclear receptors to regulate hepatic lipid, glucose,
and energy homeostasis. They are integral to intestinal
nutrient absorption and biliary excretion of lipids, toxic
metabolites, and xenobiotics [3—5]. Imbalances in bile
acid metabolism have been implicated in various pathol-
ogies, including cholestatic liver disease, dyslipidemia,
fatty liver, diabetes, and cardiovascular diseases [6, 7].
Additionally, contemporary research indicates that bile
acids may foster coagulation by augmenting tissue fac-
tor (TF) activity, serving as cofactors to expedite the acti-
vation of the TF/FVIIa complex [8]. This phenomenon
hints at a potential disruption in the delicate coagula-
tion-anticoagulation balance, potentially contributing to
the pathogenesis of deep venous thrombosis (DVT) and
bleeding events. Nevertheless, the nexus between serum
total bile acid (TBA) levels and DVT remains poorly
understood. Therefore, exploring the correlation between
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serum TBA levels and DVT holds significant clinical
value.

Methods

Study population

This study encompassed a total of 4522 patients sus-
pected of having deep venous thrombosis (DVT), with
Wells scores [1] of 2 or above, who underwent lower
limb venous Doppler ultrasonography from June 2018
to October 2023, all admitted to the First Affiliated Hos-
pital of Xi'an Jiaotong University. The exclusion crite-
ria were stringent, including (1) patients under 18 years
old; (2) pregnant women; (3) individuals with renal or
liver dysfunction, defined as serum creatinine exceeding
133umol/L or serum alanine transaminase levels more
than three times the upper normal limit; (4) patients with
malignant tumors; (5) those with obstructive biliary tract
diseases; and (6) those prescribed bile acid sequestrants.
After rigorous screening, 3165 patients were included
in the final analysis (Fig. 1). Among this cohort, 1011
patients were definitively diagnosed with DVT (Table 1).
Detailed clinical and demographic data were retrieved
from medical records. The study adhered to the princi-
ples of the Declaration of Helsinki and received approval
from the Ethics Committee of the First Affiliated Hospi-
tal of Xi'an Jiaotong University. As this was a retrospec-
tive study, informed consent was not required.

Definitions

For the current investigation, the diagnosis of deep
venous thrombosis (DVT) was established during the
final evaluation in 2019, adhering to the guidelines out-
lined by the National Institute for Health and Care
Excellence. In the Chinese context, the diagnosis of
DVT necessitates a comprehensive approach encom-
passing clinical assessment, estimation of pre-test prob-
ability, and objective diagnostic testing. The typical
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Fig. 1 Study flow for the present analysis. A total of 4522 patients were screened initially. We excluded 415 patients with biliary obstructive lesions, end-
stage liver disease, renal failure, 942 patients whose TBA values were missed, and finally 3165 patients were included in this study
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Table 1 Baseline characteristics of participants according to TBA values

Variables Total (n=3165) TBA <2.3umol/L (n=995) TBA <4.3umol/L (n=1077) TBA=4.3umol/L (n=1093) p

TBA (umol/L) 32(1.9,53) 1.5(1,1.9 3.1(7,36) 64(5.2,87) <0.001
Age (yr) 63 (51,75) 62 (48,72) 63 (50, 75) 65 (53.5, 76) <0.001
Gender, male (%) 1760 (56) 529 (53) 599 (56) 632 (58) 0.101
DM (%) 469 (15) 152 (15) 161 (15) 156 (14) 0.803
Hypertension (%) 1025 (32) 355 (36) 336 (31) 334 (31) 0.026
CAD (%) 1(0) 1(0) 0(0) 0(0) 0314
Liverdiseases (%) 202 (6) 58 (6) 56 (5) 88 (8) 0.017
DVT (%) 1011 (32) 250 (25) 351 (33) 410 (38) <0.001
ALT (mmol/L) 18(12,29) 18(12,28) 18(12,29) 18(12,30.3) 0315
TBILI (mmol/L) 11.7(85,16.8) 11.6(8.28,16.33) 11.8(8.6,16.9) 11.9(86,17.1) 0.708
ALB (mmol/L) 36.8 (33, 40) 36.5(32.62,39.9) 36.3(32.8,39.5) 374(33.8,404) <0.001
MELD (mmol/L) 2.7 (1.1,5.09) 2.71(1.09,5.09) 2.72(1.13,5.17) 2.67(1.07,5.03) 0.934
Crea (mmol/L) 58 (47,72.1) 57 (46,71) 57 (46,73) 59 (48,73) 0.035
TG (mmol/L) 1.15(0.84, 1.63) 1.2(0.87,1.63) 1.1(0.81,1.57) 1.16 (0.85, 1.65) 0.078
Cho (mmol/L) 3.83(3.2,458) 3.85(3.26,4.59) 374 (3.15,4.54) 391 (3.21,4.6) 0.064
Hokusai_score (%) 0.003
1 903 (29) 252 (25) 303 (28) 348 (32)

2 1245 (39) 385 (39) 433 (40) 427 (39)

3 1017 (32) 358 (36) 341 (32) 318 (29)

TBA: total bile acids; DM: diabetes mellitus; CAD: coronary artery disease; DVT: deep venous thrombosis; ALT: alanine aminotransferase; TBILI: total bilirubin; ALB:
albumin; MELD: Model for End-Stage Liver Disease; Crea: creatinine; TG: triglycerides; Cho: cholesterol

manifestations of DVT encompass pain, swelling, ery-
thema, and dilated veins in the affected limb. The pre-
test probability of DVT can be categorized as “unlikely”
or “likely” using a clinical decision rule. In cases where
DVT is deemed “unlikely, a D-dimer test is recom-
mended. If the D-dimer level is within the normal range,
DVT can be ruled out; however, if the D-dimer level is
elevated, further evaluation with compression ultrasound
is advisable. Conversely, when DVT is considered “likely;’
compression ultrasound is the recommended diagnostic
modality.

For ultrasonography, a high-resolution linear-array
transducer operating at 5- or 7.5-MHz was utilized. The
assessment focused on the compressibility of the deep
veins, examining them at 1-cm intervals from the com-
mon femoral vein down to the point where the popliteal
vein merges with the calf veins. In patients without a
prior history of DVT, a non-compressible vein was indic-
ative of DVT. Conversely, for patients with echographi-
cally identified old thrombosis, we would contact the
patients to obtain their previous ultrasound examination
records for comparison, the diagnosis was based on the
presence of a new non-compressible site or an increase
in clot diameter of at least 4 mm compared to previous
measurements. A change in clot diameter of 1 mm or
less excluded the possibility of recurrence. However, if
the increase in clot diameter ranged from 1.1 to 3.9 mm,
the ultrasound examination was repeated after a week or
venography was performed [1]. Additionally, bleeding
risk was assessed using the Hokusai-score, which incor-
porated several high-risk factors: female gender, APT

(antiplatelet therapy), hemoglobin levels below 10 g/
dL, a history of hypertension, and systolic blood pres-
sure exceeding 160 mmHg [9]. Scores of 0, 1, and 2 were
classified as low, intermediate, and high bleeding risk,
respectively [10].

Measurements
Serum fasting TBA was measured with an enzymatic
cycling method using reagents (Pureauto S TBA,
SEKISUI MEDICAL CO., LTD.) on a Hitachi Chemistry
Analyzer 7600 according to the protocols. Quality con-
trol procedures were conducted according to the proto-
cols as well, and the coefficients of variation were all <5%.
Serum TBA, alanine aminotransferase (ALT), total bili-
rubin (TBILI), albumin (ALB), creatinine (Crea), triglyc-
erides (TQ) and cholesterol (Cho) were obtained from
fasting venous blood samples at admission or the follow-
ing morning. All of these laboratory tests were imple-
mented using standard methods.

Statistics

All statistical computations were executed utilizing R
studio version 3.5.3. For continuous variables, median
values with interquartile ranges were reported, while
categorical variables were summarized using frequen-
cies and percentages. The analysis of variance (ANOVA)
was employed to assess differences in parameters among
groups for normally distributed variables. For non-nor-
mally distributed continuous variables, the Kruskal-Wal-
lis test was applied, while the chi-square test was utilized
for categorical variables. To explore the relationship
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between TBA levels and the occurrence of DVT, as well
as its bleeding risk, considering potential confounders
such as age, gender, liver diseases, and the MELD (model
for end-stage liver disease) score, restricted cubic splines
were applied. A logistic regression model was imple-
mented to assess the association between serum TBA
levels (categorized) and the presence of DVT, along with
its bleeding risk, expressed as odds ratios (ORs) with 95%
confidence intervals (CIs). This regression model was
adjusted for factors including age, gender, liver diseases,
and the MELD score. Statistical significance was defined
as a two-sided P-value below 0.05.

Results

Baseline characteristics of the study population

Among the included participants, 56.0% were male,
and the median age was 63 years, ranging from 51
to 75 years. We categorized all the patients into
three groups as low-level (TBA<2.3umol/L), mod-
erate-level (2.3<TBA<4.3umol/L), and high-level
(TBA=4.3umol/L) according to the tertile of TBA
concentrations.

As indicated in Table 1, participants in moderate-level
and high-level groups exhibited consistently higher pres-
ence of DVT and lower risk of bleeding. In addition to
having more elders, more patients with hypertension and
liver diseases, participants in moderate-level and high-
level groups also had higher ALB levels (all P<0.001).
Other factors were similar among the three groups.
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Association between TBA and DVT and its bleeding risk
We conducted a comparison of DVT and bleeding out-
comes based on different TBA levels. As shown in Fig. 2,
we found that the moderate-level and high-level groups
exhibited higher presence of DVT and lower bleeding
risk when compared to the low-level group. Spline analy-
ses showed that with the increase of TBA levels, the ORs
of DVT rose sharply at first and then decrease slowly, and
the breakpoint approximated 6 umol/L. The association
between TBA and DVT remained significant even after
adjusting for age, gender, liver diseases and MELD score
(Fig. 3). However, there was no relationship observed
between TBA and bleeding risk (Fig. 3).

Compare with the low-level group, the ORs (95% Cls)
of DVT in moderate-level and high-level groups were
1.44 [1.19-1.75] and 1.79 [1.48-2.16] (P<0.001), respec-
tively, in modell. In model2 that further adjusted for
age and sex, the ORs (95% Cls) of the latter two groups
were 1.47 [1.21-1.79] and 1.87 [1.55-2.27] (P<0.001). In
model3 that fully adjusted, the ORs (95% CIs) of the lat-
ter two groups were 1.47 [1.21-1.78] and 1.91 [1.58-2.32]
(P<0.001) (Fig. 4).

As shown in Fig. 4, the ORs of bleeding risk in mod-
erate- and high-level groups decreased compared to
the low-level group (OR=0.87 [0.71-1.05], OR=0.73
[0.6—0.88], respectively) in modell. The ORs (95% Cls)
of the latter two groups were 0.81 [0.63-1.03] and 0.64
[0.5-0.81] (P<0.001) in model2. The ORs (95% Cls) of the

TBA

~2.3 ymol/L
2.3~4.3 pmol/L
4.3~ umol/L

o
oV

Fig. 2 Histograms show the prevalence of DVT and bleeding risk (Hokusai-score > 1). Group1: TBA < 2.3umol/L, Group2: 2.3 <TBA <4.3umol/L, Group3:

TBA>4.3umol/L
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Fig. 3 Restricted spline curves for the associations between TBA and DVT or bleeding risk. Solid lines represent the odds ratio, dashed lines represent
the 95% confidence intervals. (A) Association between TBA and DVT. (B) Association between TBA and bleeding risk (Hokusai-score > 1). OR (95% Cl) was
adjusted by age, gender, liver diseases and MELD score. DVT: deep venous thrombosis; OR: odds ratio; TBA: total bile acids
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Fig. 4 Associations between TBA and DVT or bleeding risk. The adjusted odds ratio and 95% Cl are displayed in the forest plot. (A) Association between
TBA and DVT. (B) Association between TBA and bleeding risk (Hokusai-score > 1). DVT: deep venous thrombosis; Cl: confidence interval; OR: odds ratio.
Model 1: unadjusted. Model 2: adjusted for age, sex. Model 3: adjusted for age, gender, liver diseases and MELD score

latter two groups were 0.81 [0.63—1.03] and 0.64 [0.5—
0.81] (P<0.001) in model3 (Fig. 4).

Discussion
Deep vein thrombosis (DVT) poses a significant threat,
manifesting in localized swelling and pain, and posing a
high risk for potentially fatal pulmonary embolism. As
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part of the diagnostic process, identifying risk factors
is paramount. Although most DVT patients undergo
anticoagulant therapy, the choice and duration of treat-
ment vary significantly based on individual risk factors
[11]. While oral anticoagulation has been established as
an effective means to prevent future thromboembolic
events, it is not without its risks, including the poten-
tial for major bleeding complications. Consequently, it
becomes imperative to identify patients at high risk for
DVT or bleeding events using readily accessible clinical
characteristics. This identification is crucial in facilitat-
ing individualized management strategies to mitigate the
patient’s risk. The decision to initiate and maintain anti-
coagulation therapy often hinges on a meticulous evalu-
ation of both thromboembolism and bleeding risks [10].

Prior investigations have demonstrated a link between
serum total bile acid (TBA) levels and various chronic ill-
nesses, encompassing liver diseases, dyslipidemia, fatty
liver diseases, diabetes, and cardiovascular conditions
[6]. Despite this, the specific role of bile acid in the patho-
genesis of DVT and its associated bleeding risk remains
poorly understood. Our current study aimed to elucidate
this role, revealing a strong association between elevated
fasting serum TBA levels and a heightened prevalence of
DVT, coupled with a reduced bleeding risk. This associa-
tion persisted even after considering confounding factors
such as age, gender, liver diseases, and the MELD (Model
for End-Stage Liver Disease) score. Notably, our study
is the first large-scale examination to unmask this sig-
nificant correlation between serum TBA levels and both
DVT presence and bleeding risk in patients under suspi-
cion of DVT.

Past research has explored potential mechanisms
underlying bile acids’ modulation of coagulation. Bile
acids function as signaling molecules, regulating metab-
olism and inflammation via receptors like the nuclear
farnesoid X receptor (FXR) and the Takeda G protein-
coupled receptor 5 (TGR5) [12]. Alongside the classical
Virchow’s triad factors (blood flow disturbance, hyperco-
agulability, and vessel wall changes), inflammation holds
a pivotal role in DVT’s pathogenesis. Clinical conditions
associated with inflammation, such as sepsis, systemic
infections, cancer, trauma, and surgery, are known risk
factors for venous thromboembolism (VTE) [13]. Fur-
thermore, previous studies have linked TBA to elevated
levels of tumor necrosis factor-a, a marker of inflamma-
tion, suggesting that inflammation may serve as a bridge
between TBA and DVT. Additionally, immune dysregu-
lation has been identified as a contributory factor in
thrombosis, and bile acids have been shown to regulate
immune functions. A range of clinical conditions associ-
ated with an increased VTE risk, including inflammatory
bowel disease, systemic lupus erythematosus, obesity,
surgery, cancer, and acute and chronic infections, exhibit
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deregulated immune networks that intersect with coagu-
lation pathways [14]. Hence, immune dysregulation could
potentially moderate the relationship between TBA and
DVT.

Platelets are pivotal in the development of venous
thrombosis, as recent evidence indicates that they can
facilitate thrombus formation by directly activating
coagulation pathways. This activation occurs through
the release of polyphosphate, which triggers factor XII
activation, and protein disulfide isomerase (PDI), which
enhances tissue factor (TF) activation [15]. Given that
inhibiting platelet activation can safeguard against DVT,
which affects a vast population, the role of these cells is
particularly significant. Prior studies have established
the farnesoid X receptor (FXR) as a crucial factor in
the formation of coated platelets, which are preacti-
vated platelets exhibiting increased fibrinogen binding
and a prothrombotic phenotype. Bile acids, being natu-
ral ligands of FXR, have the potential to induce platelet
activation, thus contributing to thrombus formation [16].
Consequently, the correlations between serum total bile
acids (TBA) and the presence of DVT as well as bleeding
risk may be partially attributed to alterations in platelet
function. However, the precise mechanisms underlying
these associations remain to be elucidated.

The role of endothelial dysfunction in thrombus forma-
tion is pivotal [15]. Notably, bile acids have been linked
to endothelial dysfunction [17, 18], which can exacer-
bate the progression of DVT. Bile acids, through their
activation of the farnesoid X receptor (FXR), have been
demonstrated to reduce endothelin-1 expression in lung
endothelial cells. Additionally, TGR5, another bile acid
receptor, is present in aortic endothelial cells that pro-
duce nitric oxide. Moreover, bile acids can modulate
endothelial cell responses via S1P receptors and Ca2+-
dependent K+currents [18]. Furthermore, bile acids’
association with vascular calcification and fibrosis is
attributed to their regulation of various signaling path-
ways [19].

A recent investigation has revealed a novel mechanism
in which the nutrient-sensing nuclear receptor FXR regu-
lates coagulation factor synthesis. Malnutrition-induced
coagulation dysfunction in mice could be attributed to
diminished FXR activation and synthesis resulting from
lower bile acid levels [20]. Furthermore, bile acids have
the potential to enhance the procoagulant activity of
hepatocytes and activate coagulation factors, indicat-
ing their relevance in TF-driven coagulation [8]. Conse-
quently, bile acids may exert influence at various stages of
thrombus formation, thereby affecting the risk of bleed-
ing events.

Our research revealed an initial steep rise in the cor-
relation between serum TBA levels and DVT events,
followed by a gradual decline when TBA concentrations
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surpassed approximately 6 pumol/L. This pattern sug-
gests a saturation point beyond which an increased risk
of DVT events is not observed. The variations in serum
TBA levels observed post-inflection point in our study
may stem, in part, from potential mild liver irregulari-
ties and alterations in the serum TBA profiles among
patients with higher TBA levels. To further elucidate the
mechanisms underlying TBA’s role in DVT development,
studies exploring various serum TBA concentrations and
their dynamic changes are warranted.

Our study presents several limitations that merit con-
sideration. Firstly, being a single-center study focused
on Chinese patients with suspected DVT, our findings
should be cautiously extrapolated to other ethnic groups.
Additional studies encompassing diverse ethnic popula-
tions are required to validate our observations. Secondly,
the cross-sectional nature of our study falls short of
establishing a causal link between TBA and DVT. Thirdly,
our analysis was confined to fasting TBA levels, without
accounting for specific bile acid components. Future pro-
spective investigations are warranted to further explore
our preliminary findings.

In summary, our investigation of Chinese patients sus-
pected of having DVT has revealed that fasting serum
TBA levels are significantly elevated in those with DVT
compared to their non-DVT counterparts. Notably,
fasting serum TBA displays a robust and independent
association with the presence of DVT and bleeding
risk. Consequently, TBA emerges as a clinically valuable
and cost-effective biomarker for identifying DVT and
assessing bleeding risk. Our findings have the potential
to significantly impact nutrition science and practice in
the foreseeable future. By understanding this associa-
tion, nutrition researchers and practitioners can explore
dietary interventions or nutritional strategies that may
help modulate TBA levels, ultimately contributing to
the prevention and management of DVT. Furthermore,
incorporating TBA levels into nutritional assessments
could provide additional insights into individual bleeding
risks, enabling personalized nutrition recommendations
for patients.
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