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Background: Venous thromboembolism (VTE) is the third most common cause of cardiovas-
cular death worldwide, following coronary heart disease and stroke, and many risk factors for
VTE are not yet clear. Our study investigated the association between multiple inflammatory
gene polymorphisms and VTE prognosis, aiming to find a new predictor of VTE prognosis.
Methods: Based on our previous studies, we detected the plasma levels of serum amyloid
A protein (SAA), interleukin-1 (IL-1) and tumor necrosis factor-a (TNF-a) and their 8 gene
polymorphisms by ELISA and a multiplex ligation detection reaction (iMLDR) method in
284 patients with VTE. All subjects were followed up for 5 years.

Results: The 5-year follow-up results of this study showed that 62 of the 284 patients
(21.83%) had reached the endpoint (all-cause death). Kaplan—-Meier survival analyses
revealed that the mortality rate of VTE patients with a high Simplified Pulmonary
Embolism Severity Index (SPESI) score and carrying IL-1 rs1800587 mutation genotypes
was significantly increased (log-rank p=0.000 and 0.034 respectively). The multifactor Cox
regression results confirmed that the mortality rate of patients who carrying IL-1 rs1800587
mutation genotypes was significantly increased (HR=2.982; 95% CI: 1.681-5.100). The
mortality rate of those carrying IL-1 rs1143634 mutation genotypes was significantly
decreased (HR=0.294; 95% CI: 0.132-0.652). There were no significant differences in
mortality rates between wild-type and mutant genotypes of IL-1 rs1143634, IL-1
152234650, SAA rs11603089, and TNF-a rs1800629 (P>0.05).

Conclusion: A high SPESI score and the presence of the IL-1 rs1800587 mutant genotype
predict shorter survival in patients with VTE, whereas the IL-1 rs1143634 genotype is
associated with a lower mortality rate. Screening for mutations in inflammation-related
genes has prognostic value in the clinical management of VTE.

Keywords: venous thromboembolism, VTE, inflammatory markers, gene polymorphism,
prognosis

Introduction

Venous thromboembolism (VTE) is the third most common cause of cardiovascular
death, following coronary heart disease and stroke, accounting for 5.4 million
deaths worldwide each year. Due to the lack of specific clinical manifestations,
VTE is often overlooked by clinicians, and in some cases is not confirmed until
autopsy.' Interventions for common risk factors for VTE failed to prevent its
occurrence and poor prognosis, and anticoagulation therapy also showed individual
differences among patients. Therefore, it is urgent to elucidate the internal mechan-

ism of VTE from a new perspective.
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Recent studies suggest that venous thromboembolic dis-
ease may be a type of chronic nonspecific inflammatory
disease. VTE can cause circulatory instability, insufficient
perfusion, hypoxia and ischemia, which in turn leads to blood
further
a thrombotic event.* '! To date, there have been any research

clotting, exacerbates inflammation following
on the association between inflammatory gene polymorph-
isms and the prognosis of VTE. Our previous study'? showed
that plasma levels of serum amyloid A protein (SAA), inter-
leukin-1 (IL-1) and tumor necrosis factor-a (TNF-a) in the
VTE group were significantly higher than those in the control
group. The TT genotype of the IL-1 rs2234650 variant was
an independent risk factor for VTE. Whereas the AA geno-
type of IL-1 rs1800587 is an independent protective factor
for VTE. In the present study, we investigated additional risk
factors for VTE by analyzing the association between muta-
tions in inflammatory related genes and the long-term out-
come of VTE patients in a 5-year follow-up study.

Materials and Methods

Study Population

Our team has followed a cohort of VTE patients in Xinjiang
since 2015. At the same time, clinical data have been col-
lected from all of the patients. All subjects were followed up
every 3 months at outpatient clinics or through telephone or
email contact. The main endpoint of this study was all-cause
death. We regularly followed up with the VTE patients in
a variety of ways; thus, the endpoint events were easier to
obtain, and the loss of patients was avoided to the greatest
extent. The cohort included 284 patients diagnosed with
VTE" after hospitalization between January 2015 and
January 2019 who were selected from the VTE specimen
bank of The First Affiliated Hospital of Xinjiang Medical
University Research Library. There were 134 males and 150
females, with an average age of 54.82+15.47 years. A total of
268 healthy subjects whose general information, such as age
and sex, matched with that of the case group was selected as
the control group. There were 122 males and 146 females,
with an average age of 54.21+15.40 years.

Genotyping of the IL-I, SAA, and TNF-a

Gene Variants

Using Shanghai Tianhao Company’s improved multiplex
ligation detection reaction (iMLDR) Multiple Allelic
Typing Kit, 8 genotypes were screened for in all samples
with capillary peak electrophoresis using the iMLDR

12,14
technique.

Statistical Analysis

The statistical software package SPSS 23.0 (International
Business Machines Corporation, 2015) was used for the
statistical analysis. The mean + standard deviation and
a t-test were used for comparisons between groups. A chi-
square test was used to compare the categorical variables
between groups. Genotypes and genotype frequencies of
the case and control groups were compared with the pre-
dicted Hardy-Weinberg equilibrium value using a chi-
square test. The Kaplan-Meier survival analysis and Log
rank test were used to evaluate the difference in survival
time between groups. A Cox regression model was used to
analyze the risk factors related to prognosis. The hazard
ratio (HR) was calculated by cross tabulation and Cox
regression to determine the relative risk of mortality.
A two-tailed P-value of < 0.05 was considered indicative
of statistical significance.

Results

Differences in the General Clinical
Information of VTE Patients in the
Survival and Endpoint Event Groups

During Follow-Up

Our study included 284 patients with VTE who were
followed up through 4075 visits over a period of 3—60
months. Sixty two patients reached the primary endpoint
of the study, accounting for 21.83% of the 284 VTE
patients, with a median survival time of 49 months.
There were no significant differences in age, sex, smoking
history, hypertension, diabetes, coronary heart disease
(CHD), chronic obstructive pulmonary disease (COPD),
chronic heart failure (CHF), or obesity among the VTE
survival and endpoint event groups (P>0.05). The red cell
volume distribution width (RDW) (P=0.000), D-dimer
(D-D) (P=0.002), and brain natriuretic peptide (BNP)
(P=0.000) levels were significantly different between the
two groups. (Table 1)

Differences in the Simplified Pulmonary
Embolism Severity Index (SPESI) Scores
of VTE Patients in the Survival and
Endpoint Event Groups During
Follow-Up

The SPESI score is a condensed scoring standard based on
the Pulmonary Embolism Severity Index (PESI) score,'
which is based on the following 6 indicators: age >80
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Table 1 Comparison of General Clinical Informations and Inflammatory Biomarkers Between Survival and Event Group

Variables Survival Group (n=222) Event Group (n=62) P
Clinical Informations

Age 55.35+15.33 52.94+16.06 0.280
Gender,male, n (%) 104 (46.8) 30 (48.4) 0.830
Smoking, n (%) 107 (48.2) 22 (35.5) 0.075
Hypertension, n (%) 110 (49.5) 26 (41.9) 0.289
Diabetes, n (%) 40 (18.0) 12 (19.4) 0.810
CHD, n (%) 52 (23.4) 8 (12.9) 0.073
COPD, n (%) 54 (24.3) 22 (35.5) 0.079
CHEF, n (%) 36 (16.2) 12 (19.4) 0.560
Obesity (BMI 230),n (%) 93 (41.9) 32 (51.6) 0.173
RDW 14.1218+1.449 15.1225+1.7378 0.000
D-D 613.3198+693.6920 989.1774+1248.8125 0.002
BNP 1408.8665+2331.9751 2841.6387+4061.8884 0.000
Inflammatory Biomarkers

SAA (ug/mL) 12.6382+8.1807 14.2619£10.6790 0.007
IL-1 (pg/mL) 35.2626+18.7848 39.1337+22.8538 0.000
TNF-a (pg/mL) 21.0263+12.4902 27.5735+24.1814 0.000
CRP (mg/l) 3.5182+4.3508 6.9329+9.363 | 0.000
ST2 (pg/mL) 324.7432+147.5317 375.6827+223.0113 0.034
IL-6 (pg/mL) 14.7225+9.8379 15.2374£12.1476 0.112

Abbreviations: CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; CHF, chronic heart failure; RDW, red cell volume distribution width; D-D,
D-dimer; BNP, brain natriuretic peptide; SAA, serum amyloid A protein; IL-1, interleukin-1; TNF-0, tumor necrosis factor-a; CRP, C-reaction protein; ST2, suppression of

tumorigenicity 2; IL-6, interleukin-6.

years, history of malignant tumors, history of concomitant
heart failure and/or chronic lung disease, systolic blood
pressure <100 mmHg, heart rate>110 beats/min, and oxy-
gen saturation <90%. Each positive item is assigned 1
point, and a total score of 0 point indicates low risk,
while any positive score is considered high risk. As
shown in Figure 1, patients with higher SPESI scores
had a higher mortality rate (log rank P=0.000). (Figure 1)

Differences in the Levels of Inflammatory
Markers in VTE Patients in the Survival
and End-Point Event Groups During
Follow-Up

Compared with patients in the VTE survival group,
patients in the VTE endpoint event group had signifi-
cantly higher plasma SAA (P=0.007), IL-1 (P=0.000),
TNF-a (P=0.000), C-reaction protein (CRP) (P=0.000),
and suppression of tumorigenicity 2 protein (ST2)
(P=0.034) levels. The interleukin-6 (IL-6) levels were
not significantly different between the two groups
(P=0.112). (Table 1)

Differences in SAA, IL-1 and TNF-A Gene
Polymorphisms Among VTE Patients in
the Survival and End-Point Event Groups
During Follow-Up

Among the 8 variants selected in our study, only the CC
genotype was present in the TNF-a rs55933305 variant, and
only the TT genotype was present in the SAA 152229338
variant. The genotype distributions of all genotype, except
for SAA r1s713332,were consistent with Hardy-Weinberg
equilibrium. Because it did not conform to Hardy-Weinberg
equilibrium, the SAA 15713332 variant was excluded from
the follow-up statistical analysis. As shown in Table 2 and
Figure 2, the Kaplan—Meier survival analysis results indi-
cated that patients carrying the GA and AA mutant genotypes
have a higher mortality rate than those carrying the IL-1
rs1800587 wild-type GG genotype (log rank P=0.034).
There were no significant differences in survival curves
between the wild-type and mutant genotypes of the IL-1
rs1143634 (log rank P=0.148), IL-1 rs2234650 (log rank
P=0.224), SAA 1511603089 (log rank P=0.673), and TNF-a
rs1800629 (log rank P =0.969) variants. (Table 3, Figure 2)
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Figure | Comparison of Kaplan-Meier curves between high and low SPESI groups.

Multifactor Cox Regression Analysis of
VTE Risk Factors

As shown in Table 2, the results of the multivariate Cox
regression analysis still confirmed that the mutant genotype
of IL-1 rs1800587 was associated with an increased risk of
VTE mortality (HR=2.982; 95% CI: 1.681-5.100). On the
other hand, patients carrying the IL-1 rs1143634 mutant gen-
otype had a lower mortality rate than patients with the wild-
type allele (HR=0.294; 95% CI: 0.132-0.652) (Table 2).

Discussion

In this study, 284 VTE patients were followed up for 5 years.
Sixty-two patients reached the primary endpoint of the study,
accounting for 21.83% of the 284 VTE patients, with a median
survival time of 49 months, which is in accordance with the
results of previously published studies.'®'” Our research sug-
gests that the proportion of risk factors such as age, sex,
smoking history, hypertension, diabetes, and coronary heart

disease in the VTE endpoint event group was not significantly
different from that in the VTE survival group. Therefore, it is
believed that VTE may have undiscovered risk factors that
affect its prognosis.

The SPESI is a reliable prognostic scoring system recom-
mended in VTE guidelines.'® In the present study, VTE
patients with a high SPESI score had an increased mortality
rate, suggesting that our clinicians should pay attention to the
use of the VTE prognostic evaluation system in clinical
practice. At the same time, we should require more rigorous
follow-up and standardized long-term guidance for high-risk
patients to prolong patients survival time.

RDW reflects variability in red blood cell size and is
closely related to cardiovascular disease, chronic heart failure,
acute sepsis, septic shock, and poor prognosis of VTE.'#2°
We observed that the endpoint event group had higher RDW
levels and implying that VTE patients with elevated RDW
levels may have a higher risk of death, as demonstrated in
other studies.”’** At present, the potential biomolecular
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Table 2 Multivariate Factor COX Regression Analysis of VTE
Risk Factors

Gene Variants Hazard Ratio 95% CI P
IL-1 rs1800587 2.928 1.681-5.100 0.000
(GG/GA+AA)

IL-1 rs1 143634 0.294 0.132-0.652 0.003
(GG/GA+AA)

IL-1 rs2234650 0.595 0.352—-1.004 0.052
(CCICT+TT)

SAA rs| 1603089 1.095 0.653-1.836 0.730
(AA/GA+GG)

TNF-a. rs1800629 1.027 0.553-1.908 0.932
(GG/GA+AA)

Abbreviations: IL-1, interleukin-1; SAA, serum amyloid A protein; TNF-0, tumor
necrosis factor-a.

mechanism of the relationship between the RDW and VTE is
unclear, but it is widely acknowledged that high RDW is

associated with a prethrombotic state, induction of inflamma-
tion and changes in blood viscosity.?'*? D-D is a globally
recognized predictor of VTE, but the correlation between
D-D and VTE prognosis is inconclusive. In this study,
D-D level was higher in the VTE endpoint event group than
in the survival group, suggesting that it also has predictive
value for VTE-associated mortality. As a volume-sensitive
neurohormone, BNP is closely related to right ventricular
dilatation, right ventricular dysfunction, and pressure load,
especially in acute pulmonary embolism. Thrombosis block-
ing the pulmonary artery, can inhibit th the release of humoral
factors, and vascular hypoxia, causing pulmonary vasocon-
striction and increased right ventricular wall tension, resulting
in elevated levels of BNP, which has been linked to poor
prognosis of VTE.?* Our results showed that the BNP level
in the endpoint event group was higher, which is consistent
with the results of the above study. Therefore, in our clinical
practice, we cannot ignore the close relationship between
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Figure 2 Comparison of Kaplan-Meier curves between GG and GA+AA genotypes of IL-1 rs|800587.
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Table 3 Comeparison of Log Rank P value Between Wild and
Mutation Types of Inflammatory Genes

Gene Wild Type | Mutation Type | Log Rank P
IL-1 rs1800587 GG GA+AA 0.034
IL-1 rs1143634 GG GA+AA 0.148
IL-1 rs2234650 CcC CT+TT 0.224
SAA rs11603089 | AA GA+GG 0.673
TNF-a rs1800629 | GG GA+AA 0.969

Abbreviations: IL-1, interleukin-1; SAA, serum amyloid A protein; TNF-0, tumor
necrosis factor-a.

RDW, D-D, BNP and other biochemical indicators and VTE
mortality.

With the development of molecular biology, a large num-
ber of evidence-based studies have confirmed the correlation
between inflammation and VTE*'' The CANTOS trial,
a large sample, multicenter, randomized study,”* verified the
effectiveness of anti-inflammatory treatment for VTE. IL-1,
SAA, IL-6, TNF-0, and CRP, as a class of pro-inflammatory
factors, are important mediators of inflammation activation,
and after inflammation, their activation may lead to slowed
blood flow, vascular endothelial damage, and coagulation dis-
orders that promote the occurrence of VTE.'>28 L1, SAA,
TNF-a, and CRP levels were elevated in the VTE endpoint
event group in the current study, suggesting that the poor
prognosis caused by intense vascular injury after inflammation
activation. As an important signal of IL-33/ST2L axis activa-
tion, ST2 is triggered and expressed during fibrosis, tissue
damage, inflammation activation and cardiovascular remodel-
ing. ST2 has become a new indicator for predicting the occur-
rence and prognosis of inflammatory, immune and
cardiovascular diseases such as heart failure, aortic dissection
and autoimmune diseases.”’ ' We found that the ST2 level in
the VTE endpoint event group increased significantly.
Therefore, ST2 level was increased in the endpoint event
group, it can potentially serve as a prognostic indicator in VTE.

Genetics may play a causative role in 60% of VTE cases,
although most genetic factors are still unknown.’>*
Coagulation factor V Leiden mutations, prothrombin
G20210A mutations, and protein C and protein S defects are
known genetic risk factors for VTE.***> And single nucleotide
polymorphisms are useful markers for analyzing the genetic
basis of a particular phenotype, because of its economic and
time-saving benefits. Our previous study'? and others demon-

strated that IL-1 rs2234650,% rs1800587,%" rs1143634°%%

variant polymorphisms are closely related to the occurrence
of VTE. Our single-factor Kaplan—Meier survival analysis and
multifactor Cox regression analysis results showed that those
carrying the IL-1 rs1800587 mutation genotypes have a higher
mortality rate. Multifactor Cox regression results show that the
mortality rate of VTE patients carrying IL-1 rs1143634 muta-
tion genotypes had a lower risk of mortality. These results of
the study confirmed the close relationship between the poly-
morphisms of inflammatory genes and the prognosis of VTE.

Our study had certain limitations, such as the relatively
small sample size and few genetic variants were analyzed.
Additional studies in a larger cohort are needed in order to
validate the distinct mechanisms underlying the associa-
tions between different IL-1 gene polymorphisms and
VTE. VTE caused by IL-1 gene mutation is more com-
plex, which may involve changes in gene structure, protein
signal transduction and other related contents. So far, the
molecular mechanism has not been elucidated.

Conclusion

In conclusion, the results presented here demonstrate that
that VTE prognosis is closely related to inflammatory
markers and their gene polymorphisms. Additional factors
contributing to poor prognosis in VTE are vascular
endothelial injury, coagulation and fibrinolysis disturbance
after inflammation activation. In clinical practice, ration-
ally analyzing various clinical indicators and incorporating
the SPESI scoring system, BNP, D-D, RDW, inflammation
markers into the VTE prognosis indicator system may
provide early warnings of death in VTE patients.

Like most complex diseases and disorders, VTE is mostly
caused by the interaction of multiple minor genes and the joint
action of environmental factors. Candidate gene association
studies based on a limited sample are one of the main
approaches used to identify susceptibility genes for complex
diseases. Our findings showed that 2 variants of IL-1
rs1800587 and rs1143634 have opposite prognostic signifi-
cance for VTE. Applying personalized management strategies
to high risk patients according to differences in genotype may
potentially provide a theoretical basis for the exploration of
accurate prevention and gene therapy intervention strategies of
VTE in later clinical practice.

Data Sharing Statement
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