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Abstract
ObjectsTo investigate the potential clinical significance between blood lipid levels and lower extremity deep venous thrombosis
(LEDVT). Methods: This cohort study included 500 participants, contains 246 patients with LEDVT and 254 patients without
LEDVT. The characteristics including age, sex, body mass index (BMI), disease course, ill position, smoking history, history of
current illness, drug administration were collected. And blood lipid levels and other clinical parameters including triglyceride
(TG), total cholesterol (TC), high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), apoli-
poprotein A1 (ApoA1), apolipoprotein B (ApoB), activated partial thromboplastin time (APTT), thromboplastin time (TT), pro-
thrombin time (PT), and fibrinogen (FIB), neutrophils (NEUT), platelet (PLT), lymphocyte count (LY) were observed. Univariate
and multivariate logistic regression analyses were applied. In the present study we particularly focused on the potential associ-
ations between blood lipid levels and LEDVT. Results: The risk of LEDVT in participants with HDL-C levels of 0.965 to
1.14 mmol/L, 1.14 to 1.36 mmol/L, and >1.36 mmol/L were 0.366, 0.183, 0.203 times than in controls (<0.965 mmol/L), respec-
tively. Compared to individuals with ApoA1 <1.06 mmol/L, individuals with ApoA1 levels of 1.06 to 1.22 mmol/L, 1.22 to
1.38 mmol/L, and >1.38 mmol/L were related to a decreased risk of LEDVT. The risk of LEDVT in patients with TG levels of
0.985 to 1.37 mmol/L, 1.37 to 1.91 mmol/L, and >1.91 mmol/L were 2.243, 2.224, and 2.540 times higher than that of those
with TG <0.985 mmol/L, respectively. The risk of LEDVT in subjects with 4.57< TC <5.17 mmol/L was 0.471-fold than that
of those with TC <3.97 mmol/L. Conclusion: The present study indicates that higher levesl of HDL-C and ApoA1 could be
associated with a decreased risk of LEDVT, while higher TG levels might be associated with an increased risk of LEDVT. In addi-
tion, within the normal range, high TC levels were associated with decreased risk of LEDVT. These findings may help clinicals to
identify early and treat those patients with a high-risk of LEDVT at proper time, which could improve patients’ life quality.
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Introduction
Deep vein thrombosis (DVT) is defined as an obstructive disease,
its formation mechanism is that abnormal blood clots form in the
deep vein vessels, which further block the blood vessels of lower
limbs and hinder venous reflux. It is relatively common in the
elderly patients with fractures and bedridden, mainly occurring
in lower limbs.1 Among them, lower extremity DVT (LEDVT)
is a serious multi-factor fatal disease with an annual incidence
of 45 to 117 cases per 100,000 persons.2 The mortality rate is
as high as 6% within one month after diagnosis of LEDVT.3

With the increasing morbidity and mortality of LEDVT,

several preventions and treatments have been applied in recent
years. It is essential for clinicians to identify potential markers
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which may predict the risk of LEDVT so as to carry out targeted
treatments and improve patients’ quality of life.

DVT with endothelial dysfunction would further lead to
atherosclerosis (AS),4 which indicates that there may be a
correlation between DVT and AS, and DVT patients may
have an increased risk of subsequent AS.5,6 Circulating
blood lipid levels have been confirmed to be strongly associ-
ated with the risk of atherosclerosis (AS).7–11 However,
whether dyslipidemia is related to DVT is yet to be identified.
Some studies have found that hyperlipidemia may increase the
risk of DVT,12,13 whereas other studies found that the associ-
ations between blood lipid levels and the risk of DVT were
uncertain14 or even irrelevant.15 Furthermore, current studies
have mainly investigated the associations between blood
lipid levels and secondary LEDVT following surgery, and
the evidence regarding the associations between blood lipid
levels and primary LEDVT remains scarce and has so far
yielded inconclusive results. This study aimed to assess the
potential associations between blood lipid levels and the risk
of LEDVT to identify high-risk individuals, which may
provide a reference for clinical applications of anticoagulant
LEDVT treatment.

Methods

Study Population and Design
The demographic and clinical characteristics of 984 patients
from the electronic health record in Changzhou First People’s
Hospital, Jiangsu province, China between January 2016 and
May 2020 were enrolled. The study was approved by the
Ethics Committee of the Third Affiliated Hospital of
Soochow University and informed consent was taken from all
the patients. The diagnostic criteria of LEDVT were based on
the “Guidelines for the Diagnosis and Treatment of Deep
Vein Thrombosis (third edition)” published by the Vascular
Surgery Group of the Chinese Medical Association Surgery
Branch.16

The inclusion criteria were as follows: (1) age ≥ 18
years; (2) the case group: participants were diagnosed
with primary LEDVT for the first time and without any
obvious inducement; the control group: participants
without a history of venous thromboembolism or AS. All
included case group patients had acute LEDVT, which
was confirmed by objective tests such as venography or
duplex ultrasonography.

The exclusion criteria were as follows: (1) congenital or
acquired coagulopathy, or hemoglobinopathy; (2) anticoagulant
therapy, and steroid, hormones, or lipid-lowering medications
before blood test; (3) a history of blood diseases, such as hemo-
philia, thrombocytopenia, or purpura leukemia; (4) liver or
kidney dysfunction; (5) a history of malignant tumors within
5 years; (6) a recent history of major surgical trauma; (7) pre-
sented with bleeding or thromboembolic episodes before the
study for six months, such as cerebral hemorrhage, cerebral
infarction, or myocardial infarction.

Data Acquisition
The general data were collected, including age, sex, body mass
index (BMI), disease course, ill position, smoking history,
history of current illness, and drug use. The laboratory indica-
tors were also collected, including triglyceride (TG), total cho-
lesterol (TC), HDL cholesterol (HDL-C), low density
lipoprotein cholesterol (LDL-C), apolipoprotein A1 (ApoA1),
apolipoprotein B (ApoB), activated partial thromboplastin
time (APTT), thromboplastin time (TT), prothrombin time
(PT), and fibrinogen (FIB), neutrophils (NEUT), platelet
(PLT), and lymphocyte (LY).

Blood Collection and Measurement
All patients were emergency admissions. Fasting venous blood
samples were collected from patients after admission, and then
odium citrate anticoagulated plasma and non-anticoagulant
serum were prepared. Plasma amples were used for the detec-
tion of APTT, TT, PT, and FIB using Sysmex CS-5100 auto-
mated coagulation analyzer (Sysmex, Japan). Serum samples
were utilized for the detection of TG, TC, HDL-C, LDL-C,
and ApoA1/B by a AU5831 Biochemical Analyzer (Beckman
Coulter, American). All operation procedures were strictly
implemented in accordance with the instrument operation
manual.

Statistical Analysis
All statistical analyses were performed by SPSS Statistics
version 23.0 (Armonk, NY: IBM Corp.). Continuous variables
were represented by the mean± standard deviation (Mean±
SD) or median with interquartile spacing [M (Q1, Q3)], and
the independent samples t-test/Mann-Whitney U test was
used for intergroup comparison. Categorical variables were
described by the number of cases/constituent ratio [N (%)],
and χ2 test or Fisher’s exact test was adopted for intergroup
comparison. Univariate and multivariate logistic regression
analyses were used to assess the associations between the
blood lipid levels and the risk of LEDVT. The odds ratio
(OR) with 95% confidence intervals (CIs) were calculated in
the multivariate regression model. P<0.05 was considered stat-
istically significant.

Results

Baseline Features
In this study, a total of 500 subjects were eventually selected
from 984 participants based on inclusion and exclusion criteria,
including 246 cases and 254 controls. The detailed flow chart of
data screening was shown in Figure 1. Compared with the
control group, the average age of patients in the LEDVT
group was higher (t=−6.395, P<0.001). Additionally, the pro-
portion of patients with hypertension in the LEDVT group was
significantly higher than that in the control group (χ2= 7.328,
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Figure 1. Flowchart of data filtering.

Table 1. Baseline Characteristics.

Variables
Non-LEDVT
(n= 254)

LEDVT
(n= 246) Statistics P

Age, years 57.13± 9.90 64.05± 13.90 t=−6.395 <0.001
Sex, n (%) χ2= 3.814 0.051

Male 144 (56.69) 118 (47.97)
Female 110 (43.31) 128 (52.03)

BMI, kg/m2 24.73± 3.17 24.47± 3.27 t= 0.838 0.402
Smoking, n (%) 20 (7.87) 23 (9.35) χ2= 0.346 0.556
Drinking, n (%) 20 (7.87) 14 (5.69) χ2= 0.940 0.332
Hypertension, n (%) 73 (28.74) 99 (40.24) χ2= 7.328 0.007
Diabetes, n (%) 13 (5.12) 19 (7.72) χ2= 1.416 0.234
PLT, 109/L 197.50 (167.00, 234.00) 193.00 (156.00, 240.00) Z=−0.691 0.489
NEUT, 109/L 3.09 (2.51, 3.98) 5.03 (3.97, 6.97) Z=−12.679 <0.001
LY, 109/L 1.44 (1.22, 1.79) 1.44 (1.15, 1.85) Z=−0.436 0.663
TG, mmol/L 1.26 (0.92, 1.75) 1.50 (1.09, 1.96) Z=−3.623 <0.001
TC, mmol/L 4.63 (4.08, 5.18) 4.50 (3.83, 5.16) Z=−1.734 0.083
HDL-C, mmol/L 1.22 (1.07, 1.43) 1.05 (0.90, 1.27) Z=−6.305 <0.001
LDL-C, mmol/L 2.64 (2.26, 3.10) 2.54 (2.04, 2.98) Z=−2.033 0.042
ApoA1, mmol/L 1.29 (1.19, 1.45) 1.10 (0.99, 1.26) Z=−9.702 <0.001
ApoB, mmol/L 1.00 (0.85,1.17) 0.97 (0.79,1.12) Z= -2.298 0.022
APTT, s 26.50 (25.60, 27.60) 27.30 (25.00, 30.20) Z= -2.972 0.003
TT, s 19.60 (19.10, 20.10) 17.80 (16.70, 19.00) Z= -12.689 <0.001
PT, s 11.50 (11.00, 11.80) 11.40 (10.80, 12.00) Z= -0.880 0.379
FIB, g/L 2.41 (2.18, 2.77) 2.83 (2.33, 3.40) Z= -6.196 <0.001

Note. The data are represented as the mean± standard deviation (M± SD) or median with interquartile spacing [M (Q1, Q3)] for measurement data or as a
numerical proportion for count data. LEDVT, lower extremity deep venous thrombosis; BMI, body mass index; PLT, platelet; NEUT, neutrophils; LY, lymphocyte;
TG, triglyceride; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; ApoA1, apolipoprotein A1; ApoB,
apolipoprotein B; APTT, activated partial thromboplastin time; TT, thromboplastin time; PT, prothrombin time; FIB, fibrinogen.
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P = 0.007). Compared with the control group, the levels of
NEUT (Z=−12.679, P<0.001), TG (Z= 3.031, P= 0.002),
APTT (Z=−2.972, P= 0.003), and FIB (Z=−6.196,
P<0.001) in the LEDVT group were significantly increased,
while the level of HDL-C (Z=−5.845, P<0.001), LDL-C
(Z=−1.993, P= 0.046), ApoA1 (Z=−9.192, P<0.001),
ApoB (Z=−2.218, P= 0.027), and TT (Z=−12.689,
P<0.001) in the LEDVT group were lower. The Baseline char-
acteristics were shown in Table 1.

Associations Between Blood Lipid Levels and LEDVT
Table 2 shows the results of multivariate logistic regression
analysis after adjusting the covariates (age, sex, hypertension,
NEUT, APTT, TT, and FIB). The risk of LEDVT in patients
with HDL-C levels of 0.965 to 1.14 mmol/L, 1.14 to
1.36 mmol/L, and > 1.36 mmol/L was 0.366 (95%CI: 0.179 to
0.749), 0.183 (95%CI: 0.087 to 0.385), 0.203 (95%CI: 0.096
to 0.431) times that of patiens with HDL-C<0.965 mmol/L,

respectively (P<0.05). The risk of LEDVT in patients with
ApoA1 levels of 1.06 to 1.22 mmol/L, 1.22 to 1.38 mmol/L,
and > 1.38 mmol/L was 0.146- (95%CI: 0.063 to 0.340),
0.057- (95%CI: 0.024 to 0.135), and 0.059-fold (95%CI:
0.024 to 0.144) that of patients with ApoA1<1.06 mmol/L.
The risk of LEDVT in patients with TG levels of 0.985 to
1.37 mmol/L, 1.37 to 1.91 mmol/L, and >1.91 mmol/L were
2.243 (95% CI: 1.094 to 4.599), 2.224 (95%CI: 1.091 to
4.535), and 2.540 (95%CI: 1.251 to 5.155) times higher
than that of those with TG level<0.985 mmol/L, respectively.
The risk of LEDVT in subjects with TC level of 4.57 to
5.17 mmol/L was 0.471-fold comparison than that of those
with TC<3.97 mmol/L (OR= 0.471, 95%CI: 0.234 to 0.947).

Discussion
In the present study, we investigated the associations between
the blood lipid levels and LEDVT, overall results showed that
high HDL-C and ApoA1 levels were associated with the

Table 2. Results of Univariate and Multivariate Logistic Regression Analysis on the Associations Between Blood Lipids and LEDVT.

Variables

Univariate Multivariate

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

TG, mmol/L
Q1 (<0.985) Ref. Ref.
Q2 (0.985-1.37) 0.112 1.506 (0.909–2.496) 0.027 2.243 (1.094–4.599)
Q3 (1.37–1.91) 0.003 2.182 (1.315–3.620) 0.028 2.224 (1.091–4.535)
Q4 (>1.91) 0.007 2.009 (1.214–3.326) 0.010 2.540 (1.251–5.155)

TC, mmol/L
Q1 (<3.97) Ref. Ref.
Q2 (3.97–4.57) 0.182 0.711 (0.432–1.173) 0.290 0.690 (0.347–1.372)
Q3 (4.57–5.17) 0.031 0.576 (0.348–0.952) 0.035 0.471 (0.234–0.947)
Q4 (>5.17) 0.113 0.668 (0.406–1.100) 0.063 0.509 (0.249–1.038)

HDL-C, mmol/L
Q1 (< 0.965) Ref. Ref.
Q2 (0.965–1.14) < 0.001 0.355 (0.208- 0.606) 0.006 0.366 (0.179–0.749)
Q3 (1.14–1.36) < 0.001 0.235 (0.138–0.399) <0.001 0.183 (0.087–0.385)
Q4 (>1.36) < 0.001 0.221 (0.130–0.377) <0.001 0.203 (0.096–0.431)

LDL-C, mmol/L
Q1 (<2.145) Ref. Ref.

Q2 (2.145–2.58) 0.184 0.713 (0.433–1.175) 0.955 0.980 (0.492–1.954)
Q3 (2.58–3.06) 0.164 0.702 (0.427–1.156) 0.523 0.796 (0.396–1.602)
Q4 (>3.06) 0.038 0.589 (0.358–0.971) 0.202 0.635 (0.316–1.275)

ApoA1, mmol/L
Q1 (< 1.06) Ref. Ref.
Q2 (1.06–1.22) < 0.001 0.272 (0.151–0.491) <0.001 0.146 (0.063–0.340)
Q3 (1.22–1.38) < 0.001 0.090 (0.049–0.166) <0.001 0.057 (0.024–0.135)
Q4 (>1.38) < 0.001 0.088 (0.048–0.161) <0.001 0.059 (0.024–0.144)

ApoB, mmol/L
Q1 (<0.82) Ref. Ref.
Q2 (0.82–0.98) 0.099 0.650 (0.389–1.085) 0.270 0.672 (0.331–1.362)
Q3 (0.98–1.15) 0.124 0.681 (0.417–1.112) 0.310 0.703 (0.356–1.389)
Q4 (>1.15) 0.017 0.542 (0.328–0.895) 0.048 0.485 (0.236–0.994)

Note. Multivariate analysis adjusted for age, sex, hypertension, neutrophils, activated partial thromboplastin time, thromboplastin time, and fibrinogen. OR, odds
ratio; CI, confidence interval; TG, triglyceride; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C low density lipoprotein cholesterol,
ApoA1, apolipoprotein A1; ApoB, apolipoprotein B.
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decreased risk of LEDVT, but high TG levels were associated
with increased risk of LEDVT. Besides, within the normal
range, high TC levels were associated with decreased risk of
LEDVT, independent of known LEDVT risk factors such as
age, hypertension, NEUT, APTT, and FIB.

The anti-thrombotic properties of HDL-C were reported in
both the arteries and veins.17,18 A meta-analysis showed that
patients with low HDL-C levels are more likely to develop
DVT.19 Moreover, the level of HDL-C was also lower in
patients with recurrent venous embolism.20 The previous
studies are consistent with our results, indicating that raising
HDL-C level may be a vital therapeutic strategy to reduce the
risk of LEDVT. The property of HDL-C on reducing the risk
of thrombosis was based on several mechanisms, including
reduced platelet sensitivity to aggregation and weakened activa-
tion of the coagulation cascade. HDL-C could stimulate the
endothelial production of nitric oxide and prostacyclin which
are potent inhibitors of platelet activation, attenuate vascular
expression of tissue factor, and inactivate coagulation factors
by potentiating the action of activated protein C: protein S.21

This would decrease the production of thrombin, a powerful
inducer of platelet, and the formation of fibrinogen.22

Fewer reports have addressed the associations between DVT
and levels of ApoA1. Two studies14,15 showed no correlation
between apolipoprotein and DVT risk. However, apolipopro-
tein was related to DVT in specific subgroups. For example,
low ApoA1 levels were associated with increased DVT risk
in male patients.12 Another study indicated that high ApoA1
levels increased the risk of DVT in female patients who use hor-
mones.23 Our current research found that high ApoA1 levels
were associated with decreased risk of LEDVT after adjusting
the covariates. It was reported that ApoA1 could efficiently
reduce the risk of DVT via activating endothelial nitric oxide
synthase (eNOS) through binding endothelial receptor scav-
enger receptor-BI (SR-BI).24 A previous study indicated that
ApoA1 could inhibit clot formation by inhibiting platelets,25

which may explain our results.
A meta-analysis indicated that statistically significant associ-

ation was observed between high TG levels and DVT risk.19

Additionally, Xu et al found that postoperative high TG
levels were associated with increased risk of DVT.26

However, whether the blood lipid levels are related to
LEDVT remains controversial. Other studies failed to demon-
strate any correlation between serum TG level and DVT.27,28

Our results were in accordance with former studies after adjust-
ing the confounding factors, which showed that higher TG level
was a risk factor for LEDVT development. Although the exact
mechanism was unclear, TG was believed to partial upregulate
the levels of coagulation factor VII, VIII, and IX, and plasmin-
ogen activator inhibitor-1, which might result in abnormal clot-
ting of the blood.29,30

Our results also found that higher TC levels within the
normal range were associated with a decreased risk of
LEDVT. Under physiological conditions, cholesterol is essen-
tial for excitation-contraction coupling of skeletal muscles31

and normal muscle contraction maintenance. And muscle

pumps are critical in maintaining blood flow, especially in the
legs. When the muscles in the limbs fail to contract normally,
the blood flow in some veins slows down or even stops entirely,
which was related to an increased risk of DVT.32 In addition,
cholesterol is an essential part of the endothelial cell membrane,
which is of great significance for stabilizing vascular permeabil-
ity and maintaining normal endothelial barrier functions. The
functions of the endothelial barrier may be impaired if the
level of cholesterol is too low, and tissue factors stored under
the endothelium might be abnormally released into the blood,
thereby activating the exogenous blood coagulation pathway
and promoting thrombosis. Therefore, maintaining a higher
TC level within the normal range could reduce the risk of
LEDVT.

The present study has some limitations. First, it was a retro-
spective study and could not rule out residual confounding.
Some covariates that were statistically significant in univariate
analysis in the final multivariate regression analyses such as
age, sex, hypertension, NEUT, APTT, TT, and FIB have been
adjusted. Second, low cholesterol levels have been confirmed
to be associated with some chronic disease conditions, such
as malignancy, rheumatic disorders, and hyperthyroidism. In
this study, subjects with malignancy were eliminated to
ensure the reliability of our results. Third, blood lipid levels
we analyses were collected on admission, after which time
they might be affected by the naturel course of plasma lipids
or lifestyle interventions. Fourth, mutation in factor V Leiden
lead to a markedly increased risk of DVT, but our study did
not detect it. However, studies have shown that the prevalence
of factor V Leiden mutation is low in China, approximately
0.1%-0.2%.33,34 The low prevalence of factor V Leiden muta-
tion in China may not affect the accuracy of our results.

Conclusion
This study found that high HDL-C and ApoA1 levels were
associated with decreased risk of LEDVT, but high TG levels
were associated with increased risk of LEDVT. Besides,
within the normal range, high TC levels were associated with
decreased risk of LEDVT. Given that these blood lipid levels
could be readily obtained during a physical examination or
routine medical examination, clinicians may be more likely to
early identify and timely treat patients at high risk of
LEDVT, so as to improve patients quality of life.
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