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ABSTRACT

Objective: Venous thromboembolism (VTE) is a disease that includes both deep venous thrombosis (DVT) and pulmo-
nary embolism (PE). Bilirubin is an endogenous anti-inflammatory marker associated with atherothrombosis. The
purpose of our study was to investigate the association of serum bilirubin levels with the presence of VTE.

Methods: A total of 103 patients with VTE (distal DVT, n = 34; proximal DVT, n = 30; PE, n = 39) and 50 control patients
were cross-sectionally enrolled. Peripheral venous duplex ultrasound and computed tomography were used for the
diagnosis of VTE. Fasting blood samples were drawn for biochemical analyses.

Results: Baseline characteristics were not different between groups. The VTE group had lower bilirubin level
(9.0 = 2.6 pmol/L vs 73 = 3 umol/L; P = .001) and higher high-sensitivity C-reactive protein (hs-CRP) concentration (0.8
[0.3-2] mg/L vs 11 [0.2-3] mg/L; P = .008) and white blood cell count (7.4 = 15 x 10%/L vs 82 %= 2.7 x 10%/L; P = .02)
compared with control patients. In the analysis of variance, the levels of total direct bilirubin and hs-CRP were clearly
different between the control group and VTE subgroups (distal and proximal DVT and PE). The receiver operating
characteristic curve analysis showed a cutoff value of 8.9 pmol/L for total bilirubin (sensitivity, 74%; specificity, 55%) and an
area under the curve of 0.659 (P < .001).

Conclusions: Bilirubin level, hs-CRP concentration, and white blood cell count were independently associated with
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VTE. (J Vasc Surg: Venous and Lym Dis 2019;7:635-9.)
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Venous thromboembolism (VTE) is a disease that
includes deep venous thrombosis (DVT) and pulmonary
embolism (PE). VTE is a serious health problem that is
associated with PE."? Predisposing factors for VTE are
immobilization, trauma, surgery, malignant disease, age,
nutrition, infection, postpartum period, dehydration, and
hormone therapy. Inflammation plays a role in arterial
and venous thrombosis, which may be a common mech-
anism that triggers thrombus formation in different
vessels.>*

Atherothrombosis is considered a chronic inflammatory
disease. VTE may cause inflammatory marker levels to
rise.”> Because endothelial injury is a common mechanism
in both arterial and venous thrombosis, inflamnmation may
be a common risk factor.® Previous reports suggested that
antioxidant capacity increases in mild unconjugated
hyperbilirubinemic individuals, and slightly elevated
bilirubin may have a protective role in cardiovascular
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disease.” Bilirubin is a possible antithrombotic agent that
inhibits platelet activation and, potentially, organ infarc-
tion, which could contribute to the reduced mortality
rate in mildly hyperbilirubinemic individuals.®

In the literature, inflammation markers and antioxi-
dants in venous thrombosis have not been investigated
as much as in arterial thrombosis. To our knowledge,
there are no reports regarding the role of bilirubin in
venous thrombosis. In our study, we planned to investi-
gate the relationship between serum bilirubin level and
the presence of VTE.

METHODS

Study population. This study was performed in accor-
dance with the Declaration of Helsinki and was approved
by the local ethics committee. All patients were
informed and gave consent before the study. The study
population included 103 consecutive patients with VTE
(distal DVT, n = 34; proximal DVT, n = 30; and PE,
n = 39) and 50 control patients. The control group was
selected from 75 patients who underwent venous
Doppler ultrasound examination and did not have
clinical or laboratory findings of VTE.

Exclusion criteria were as follows: pregnancy, known
infectious disease, active malignant disease, rheumatic
and inflammatory bowel diseases, obesity, antiphospho-
lipid syndrome, and chronic renal or liver disease.

Diagnosis of VTE. Peripheral vascular duplex ultra-
sound was used for diagnosis of VTE. Acute VTE was
defined as either distal or proximal DVT, PE, or both.
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DVT was diagnosed if an intraluminal thrombus was pre-
sent in a deep vein that lacked compressibility or had
incomplete compressibility.” Proximal DVT was defined
if thrombosis occurred at the level of the popliteal veins
or above. Distal DVT was defined if thrombosis occurred
within the calf veins. The diagnosis of PE was confirmed
in all cases by computed tomography. Patients in whom
PE was suspected either clinically or because of labora-
tory results underwent pulmonary computed tomogra-
phy angiography. Idiopathic VTE was defined if VTE was
not associated with known predisposing factors, such as
surgery or trauma.

Analysis of blood samples. Fasting peripheral venous
blood samples were collected on the day of diagnosis.
Routine blood samples were analyzed directly on admis-
sion. Samples for hs-CRP were centrifuged and stored
maximally for 12 hours in —30°C. Fasting blood glucose,
total and direct bilirubin, creatinine, total cholesterol,
triglyceride, and high-density lipoprotein cholesterol
concentrations were measured routinely using an
Abbott Diagnostics C8000i (Abbott, Abbott Park, Ill)
autoanalyzer in the biochemistry laboratory of our hos-
pital with commercially available kits. Hemoglobin level,
white blood cell (WBC) count, red cell distribution width,
and platelet count were measured as part of the auto-
mated complete blood count using a Coulter LH 780
Hematology Analyzer (Beckman Coulter Inc, Miami, Fla).
Serum hs-CRP levels were measured using the nephe-
lometric method (UniCel DxC 800 System; Beckman
Coulter Inc). The conversion factor for direct bilirubin and
total bilirubin from S| units (mmol/L to mg/dL) is to divide
by 17.1.

Statistics. All statistical analyses were performed with
SPSS version 18 software (SPSS Inc, Chicago, Ill). A Pvalue
of <.05 was considered significant in all statistical ana-
lyses. Continuous variables were given as mean, standard
deviation, and median (minimum-maximum). Categori-
cal variables were given as percentage. Student t-test
or Mann-Whitney U test was used for the distribution of
data for continuous variables, and the ¥* test was used
for categorical variables. Variance analysis (one-way
analysis of variance) was used to compare the mean of
more independent groups in two quarters. In multiple
comparisons, the Tukey honest significant difference test
was applied to find the difference between groups. To
determine a significant difference between the two
groups’ average of 1.70 units (for total bilirubin), the
minimum number of patients required in each group
was 37 with type | error of .05 and test power of 80% and
49 with type | error of .05 and test power of 90%. Multi-
collinearity occurs when independent variables in a
regression model are correlated. To detect multi-
collinearity between total and direct bilirubin, variance
inflation factor and condition index were calculated us-
ing linear regression analysis. Variance inflation factor of
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total and direct bilirubin was 1.036. Condition index at
dimension 5 was 12.591. Because direct and indirect bili-
rubin levels were moderately correlated, we did not
include direct bilirubin in multivariate analysis. Receiver
operating characteristic (ROC) curve analysis was per-
formed to determine the cutoff value of total bilirubin
and hs-CRP. The predictive validities were quantified as
the area under the curve (AUC; C statistics), and the
comparisons of C statistics were performed by MedCalc
statistical software (MedCalc Software, Ostend, Belgium).
Multivariate logistic regression analyses were performed
to determine the independent variables associated with
VTE.

RESULTS

Baseline characteristics. Baseline characteristics of the
patients are presented in Table |. A total of 103 patients
and 50 control patients were included in the study. Age,
presence of diabetes mellitus, smoking history,
estimated glomerular filtration rate, liver enzymes,
hemoglobin, and hypertension history were not signifi-
cantly different between the groups. Sex was not
significantly associated with level of bilirubin (VTE: male,
7 = 27 wmol/L; female, 75 + 32 pmol/L [P = 387];
controls: male, 9.9 + 2.7 pmol/L; female, 83 + 2.4 umol/L
[P = 387]). The effect of sex on total bilirubin may be
clinically relevant, but this difference is not statistically
significant because of low sample power. We included
sex in multivariate analyses, but we did not reveal a sig-
nificant association.

Inflammatory parameters and bilirubin. Total bilirubin
concentrations (7.3 = 3 wmol/Lvs 9 = 2.6 pmol/L; P=.001)
were lower whereas hs-CRP levels (1.1 [0.2-3] mg/dL vs 0.8
[03-2] mg/dL; P = .008) and WBC counts (82 =
2.7 x 10%/L vs 74 + 15 x 10%/L; P = .02) were significantly
higher in the VTE group compared with the control pa-
tients. As we compared VTE subgroups (distal DVT,
proximal DVT, PE) and the control group, WBC count was
not significantly different between the groups, but bili-
rubin and hs-CRP levels were significantly different
between the VTE and control groups. Post hoc analysis
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Table 1. General clinical and laboratory features of the
study group

Male 47 37 .28

Hypertension 30 25 .60

OC use history 4 7 .75

Heart failure 3 4 .68

Broken/plaster history — 9 —

GFR, mL/min/1.73 m? 72 (48-104) 68 (46-98) .16

Platelet count, x10°/L 222 + 49 233+ 69 16

WBC count, x10%/L

74 *+15 82+27 02

AST, U/L 278 *77 258=*62 I3

Total bilirubin, pmol/L 73+3 .001

was performed to distinguish between the controls and
VTE subgroups. Patients with PE had the lowest bilirubin
and highest hs-CRP values. Total bilirubin levels were
significantly higher in the control group with respect to
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the PE group. The hs-CRP value showed a significant
difference between all groups (Table II).

Multivariate analysis. Multiple logistic regression anal-
ysis identified that total bilirubin (odds ratio [OR], 0.82;
95% confidence interval [Cl], 0.73-0.94; P = .004), hs-
CRP (OR, 252; 95% CI, 1.24-5.09; P = .01), and WBC
count (OR, 117; 95% ClI, 0.98-1.41; P = .082) are indepen-
dently associated with VTE. Sex (OR, 0.68; 95% ClI,
0.32-1.43; P = 32) was not independently associated with
VTE (Table IlI).

ROC analysis. ROC analysis showed a cut point of
8.9 wmol/L for total bilirubin (AUC, 0.659: specificity,
53%; sensitivity, 74%; 95% CI, 0.581-0.73; P = .002) and
0.8 for hs-CRP (AUC, 0.653; specificity, 60%; sensitivity,
69%; 95% ClI, 0.57-0.72; P = .003; Fig). However, AUC
comparison of these parameters for VTE did not reach
statistical significance (P > .05).

DISCUSSION

Our study mainly demonstrated that low serum bili-
rubin levels were significantly associated with the pres-
ence of VTE. Subgroup analyses revealed that total
bilirubin levels were markedly lower in the PE group
than in the control group, and hs-CRP levels were higher
in the PE group. The hs-CRP concentrations were also
significantly higher in the subgroups of the VTE group
than in the control group. ROC analysis showed similar
AUC values of hs-CRP and total bilirubin. Last, bilirubin,
hs-CRP, and WBC count levels were independently asso-
ciated with VTE.

Patients with VTE are at increased risk of death, espe-
cially within the first year after diagnosis. VTE is a risk fac-
tor for death, even during a long follow-up period.'® PE is
a disease that can result in death, requiring rapid diag-
nosis and treatment.” PE is an independent predictor
of reduced survival, and for nearly one-quarter of PE
patients, the first clinical picture is a sudden death.
Furthermore, the number of associated PE deaths is

Table II. The distribution of bilirubin, white blood cell (WBC) count, and high-sensitivity C-reactive protein (hs-CRP) values
between the control group and the subgroups of venous thromboembolism (VTE)

Direct bilirubin, wmol/L 36 = 1.6° 31+16

36 +1.7° 26 + 1°° 01

hs-CRP, mg/L 0.84 = 05"

0.76 = 034%<

12 + 0.719f 13 + 0.72° <.001
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Table Ill. Multivariate logistic regression analyses demon-
strating association of variables with the presence of
venous thromboembolism (VTE)

Total bilirubin 0.82 (0.73-0.94) .004
hs-CRP 2.52 (1.24-5.09) .010
WBC count 1.17 (0.98-1.41) .082
Sex 0.68 (0.32-1.43) 320

Cl, Confidence interval; hs-CRP, high-sensitivity C-reactive protein; OR,
odds ratio; WBC, white blood cell.

almost the same as myocardial infarction and stroke-
related deaths.'? Therefore, the presence of VTE increases
mortality and morbidity significantly.

Inflammation may be part of the event at various stages
of hemostasis through the activation of coagulation or by
the inhibition of the fibrinolysis and anticoagulant
pathways. CRP levels are independently associated
with cardiovascular disease and may play a role in the
identification and stratification of individuals at risk of
cardiovascular diseases.” Despite the negative finding
of a previous study regarding the role of hs-CRP in VTE,
recent reports hold evidence that hs-CRP might be asso-
ciated with the development of VTE.™ The study by
Kunutsor et al'® suggested that high hs-CRP concentra-
tion is associated with VTE risk with a linear dose-
response relationship. In addition, Quist-Paulsen et al'
reported that CRP levels were 1.6-fold higher in patients
with VTE. Similarly, hs-CRP levels were independently
associated with extent of VTE. Our basal characteristics
findings are parallel to existing publications. A recent
study also demonstrated that chronic inflammation
plays an important role in venous thrombosis.®"”
Bakirci et al'® reported that nonspecific inflammatory
markers including WBC count, neutrophil to lymphocyte
ratioo and hs-CRP concentration were related to
anatomic extent of VTE in a retrospective analysis. We
also discovered higher inflammatory markers in VTE
and identified that hs-CRP level and WBC count were
independently associated with VTE.

Bilirubin has anti-inflammatory properties in addition to
antioxidant effects.”'® Kubota et al*° found a relationship
between elevated serum uric acid levels and VTE and sug-
gested that this might be a new risk factor for VTE, which
is related to the antioxidant role of serum uric acid levels.
A retrospective case-control study by Cervellin et al”
identified a significant relationship between low total
bilirubin levels and PE. Mustafa et al*> showed that pres-
ence of heme oxygenase 1 genetic variation increases
the risk of recurrence in VTE. Bilirubin inhibits collagen-
induced platelet activation, vascular smooth muscle cell
migration and proliferation, platelet aggregation, and
neointimal formation.® Recent data showed a significant
relationship between risk factors for VTE and atheroscle-
rosis.”> Considering the relationship of atherosclerosis
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and VTE***® our study demonstrated association of
serum bilirubin levels with the presence of DVT.

Study limitations. Our study has several limitations.
Mainly, our study has a small number of patients.
Because our study is cross-sectional in design, our
results cannot implicate causality. The control group
included those in whom DVT was suspected, so they did
not represent all non-DVT patients. We had only bili-
rubin and hs-CRP values at admission and do not have
additional data regarding the change during follow-up
and previous bilirubin levels. Last, we did not investi-
gate subclinical atherosclerosis and hereditary
thrombophilia.

CONCLUSIONS

We investigated the relationship between bilirubin level
and VTE. The study showed that bilirubin concentration
is independently associated with the presence of VTE.
In addition to systemic inflammation markers, WBC
count and hs-CRP level were associated with VTE.
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