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Abstract
Background Deep vein thrombosis (DVT) of lower extremity is a common complications after total knee 
arthroplasty (TKA). The purpose of this study was to evaluate the risk factors for DVT after TKA and analyze the 
expression of miR-199b-5p and nitric oxide (NO) before and after TKA, as well as their predictive value for DVT.

Methods Basic clinical information of 121 patients with TKA was analyzed retrospectively. RT-qPCR was used 
to detect the relative expression level of miR-199b-5p in patients before and after TKA treatment. Based on the 
occurrence of DVT, patients were divided into DVT and non-DVT groups. Logistic regression analysis evaluated the 
risk factors of DVT. The receiver operating characteristic (ROC) curve assessed the predictive value of postoperative 
miR-199b-5p level, preoperative NO level, and their combination in DVT. The target genes of miR-199b-5p and their 
functions were predicted and annotated using bioinformatics analysis.

Results The level of miR-199b-5p after TKA was upregulated compared with that before TKA (P < 0.001). DVT 
occurred in 20 of 121 patients after TKA, with an incidence of 16.53%. Multivariate analysis showed that age, family 
history of DVT, decrease of NO and increase of miR-199b-5p were risk factors for DVT after TKA (P < 0.05). The ROC 
curve showed that both miR-199b-5p and NO had certain diagnostic value for DVT, but the combination of miR-
199b-5p and NO had the highest diagnostic accuracy (P < 0.001).

Conclusion This study showed that the expression of miR-199b-5p was up-regulated after TKA, and miR-199b-5p 
levels were higher in DVT patients than in non-DVT patients. miR-199b-5p combined with NO is of great value in the 
diagnosis of DVT after TKA.
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Introduction
Rheumatoid arthritis as an inflammatory disease has 
been plagued by the vast number of people about the 
treatment of such diseases, mainly drug therapy and 
surgical treatment. Recent studies have found that small 
interfering RNA (siRNA) can be used to identify molecu-
lar targets and play a therapeutic effect on arthritis [1, 2]. 
Total joint arthroplasty (TJA) is an effective treatment for 
joint diseases, especially total knee arthroplasty (TKA) 
and total hip arthroplasty (THA) [3]. Deep vein thrombo-
sis (DVT) is one of the most serious complications after 
TKA, often occurring in the lower leg. Some patients 
have symptoms such as lower limb swelling and tender-
ness, while most patients are asymptomatic [4]. TKA is 
a powerful thrombosis stimulator because involves three 
thrombotic factors: venous stasis, blood hypercoagulabil-
ity, and vascular endothelial injury. These factors interact 
together to promote thrombosis [5, 6].

Endothelial cells exist in the inner walls of blood vessels 
and play a crucial role in maintaining vascular structure, 
regulating vessel tension, and ensuring normal blood 
flow [7]. Studies show that evaluating vascular endothe-
lial injury indicators can help judge the occurrence and 
progression of DVT [8]. Nitric oxide (NO) is a small 
molecular produced by endothelial cells that functions 
in vasodilation, reducing blood pressure, and inhibiting 
platelet aggregation [9]. Under physiological conditions, 
NO helps maintain the function of vascular endothelial 
cells and the structural integrity of vascular walls. It is 
also a common measure for clinically observing vascu-
lar endothelial function. A decrease in NO levels reduces 
vasodilation and antiplatelet effect, leading to vessel con-
traction and platelet adhesion, which promote venous 
thrombosis formation [10].

As an emerging biomarker, circulating microRNA 
(miRNA) plays an important role in joint disease such as 
osteoarthritis and tendon injury [11–13]. For example, 
Studies have shown significant changes in the plasma of 
specific miRNAs in patients with DVT, such as increased 
expression of miR-582 and miR-96, and comprehensive 
analysis of the combination of miR-96 and D-dimer can 
help predict the occurrence of DVT [14]. MiR-199b-5p 
is a non-coding RNA associated with human malignancy 
and plays a crucial regulatory role in the progression of 
breast and gastric cancer [15, 16]. A growing number of 
studies have shown that miR-199b-5p is dysregulated in 
inflammatory diseases like osteoarthritis [17]. A recent 
study reported that miR-199b-5p is associated with the 
occurrence of DVT [18]. However, there is currently no 
evidence to confirm the trend of miR-199b-5p changes 
before and after TKA.

In this study, patients with TKA were selected to ana-
lyze the correlation between miR-199b-5p and the occur-
rence of DVT, as well as its predictive value for DVT.

Materials and methods
Study populations and clinical information
This study retrospectively analyzed the clinical data of 
121 patients who received TKA from December 2020 to 
March 2023 in the Affiliated Hospital of Panzhihua Uni-
versity. Inclusion criteria: 1) Patients with knee osteoar-
thritis or rheumatoid knee arthritis with increased knee 
pain, obvious deformity (knee valgus or knee varus, 
severely limited flexion and extension activities, making 
it difficult for the knee to meet the needs of daily activi-
ties, and have failed conservative treatment; 2) Patients 
whose surgery was performed by the same physician and 
team; 3) Patients with unilateral or bilateral simultane-
ous TKA; 4) Patients using the same surgical protocol; 
5) Patients with complete clinical data. Exclusion crite-
ria: (1) Patients with unilateral or bilateral lower extrem-
ity DVT present before TKA; (2) Patients with a history 
of cerebral hemorrhage and/or gastrointestinal hemor-
rhage within 6 months before surgery; (3) Patients had a 
history of myocardial infarction within 6 months before 
surgery; (4) Patients with liver and kidney failure, blood 
system diseases, or malignant tumors; (5) Patients who 
were bedridden or wheelchair-assisted for a long time 
before TKA. This study has been approved by the Ethics 
Committee of Affiliated Hospital of Panzhihua University 
Hospital, and informed consent has been obtained from 
the participants involved.

General data of all subjects were collected, includ-
ing gender, age, body mass index (BMI), complications, 
smoking and drinking history. Clinical data were col-
lected, including the type and the duration of surgery, 
intraoperative blood loss, and other indicators.

Plasma sample collection and detection
Venous blood from all patients was collected before 
and 24 h after TKA, and the relative expression level of 
miR-199b-5p was detected by reverse transcription-
quantitative PCR (RT-qPCR). An enzyme-linked immu-
nosorbent assay (ELISA) kit was used to detect the 
endothelial injury marker NO in all patients before TKA. 
The C-reactive protein (CRP), fibrinogen (Fib) and pro-
thrombin time (PT) in blood samples before TKA were 
determined by automatic biochemical analyzer.

Prediction and functional analysis of miR-199b-5p target 
genes
TargetScan, ENCORI, EVmiRNA, miRPathDB and 
MiRDB databases were used to predict the downstream 
target genes of miR-199b-5p. A Venn diagram was cre-
ated for the predicted target genes. Subsequently, the cel-
lular components, biological processes, and molecular 
functions associated with these target genes were identi-
fied using Gene Ontology (GO) analysis. The Kyoto Ency-
clopedia of Genes and Genomes (KEGG) database was 
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used to analyze the functions and pathways of these tar-
get genes in genetic information processing and human 
diseases. Protein-protein interactions (PPI) networks 
were constructed using the Search tool for the retrieval 
of interacting genes (STRING) database to obtain the 
interaction diagram of interacting genes.

Data analysis
SPSS 19.0 and GraphPad Prism 7.0 software were used 
for data analysis and image rendering. Measurement 
data is expressed as mean ± standard deviation (SD), and 
counting data is expressed as n (%). Independent sample 
t-tests and Chi-square tests were used to compare the 
two groups. Pearson correlation analysis evaluated the 
correlation between NO and miR-199b-5p. Receiver 
operating characteristic(ROC)curves assessed the diag-
nostic value of DVT. Binary logistic regression was used 
to examine the relationship between each indicator and 

the occurrence of DVT. The indicators included in the 
univariate analysis are defined as follows: Sex (male = 1, 
female = 0), age (> 65 = 1, ≤ 65 = 0), BMI (> 23.68 = 1, 
≤ 23.68 = 0), smoking, drinking, Bilateral TKA, diabetes, 
hypertension, family history of venous thromboembo-
lism (VTE) (yes = 1, no = 0), operation duration (> 157 = 1, 
≤ 157 = 0), intraoperative bleeding loss (> 141 = 1, 
≤ 141 = 0), CRP (> 17.6 = 1, ≤ 17.6 = 0), PT (> 11.4 = 1, 
≤ 11.4 = 0), Fib (> 3.88 = 1, ≤ 3.88 = 0), NO (> 35.8 = 1, 
≤ 35.8 = 0), miR-199b-5p (> 1.42 = 1, ≤ 1.42 = 0). Candidate 
variables with a p value < 0.1 on univariate analysis were 
included in multivariable regression analysis. P < 0.05 
indicates a significant difference.

Results
Screening and expression level analysis of miR-199b-5p
Figure  1A showed the analysis of miRNA differen-
tially expressed in the serum of patients with DVT and 

Fig. 1 Screening and expression detection of miR-199b-5p. (A) Volcano plot of abnormally expressed miRNAs in DVT patients in the GSE173461 dataset. 
(B) Expression level of miR-199b-5p in serum of patients before and after TKA. (C) miR-199b-5p expression levels in serum of DVT patients and non-DVT 
patients. **P < 0.01, ***P < 0.001
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the control group in the GSE173461 dataset. Based 
on this, miR-199b-5p, which is abnormally elevated in 
patients with DVT, was selected as the research index 
for this study. The level of miR-199b-5p was detected 
in 121 patients undergoing TKA, revealing a significant 
increase in serum miR-199b-5p expression 24  h after 
TKA (Fig.  1B, P < 0.001). All patients were divided into 
the DVT group (n = 20) and the non-DVT group (n = 101) 
based on the results of color Doppler ultrasound detec-
tion of lower extremity veins on the 5th day after TKA. 
The incidence of DVT after TKA was 16.53%. In addi-
tion, RT-qPCR results showed that the expression level of 
serum miR-199b-5p in the DVT group was higher than 
that in the non-DVT group (Fig. 1C, P < 0.01).

Basic information and clinical data of between DVT and 
non-DVT groups
As shown in Table 1, there were no significant differences 
between the two groups in gender, smoking and drink-
ing history, diabetes, hypertension, disease course, Fib 
(P > 0.05). Additionally, it was also observed that the lev-
els of age, bilateral TKA patients, family history of DVT, 
operation time, intraoperative blood loss, CRP, and PT in 
the DVT group were higher than those in the non-DVT 
group, while the levels of NO were lower than those in 
the non-DVT group (P < 0.05).

Logistic regression analysis of the risk factors of DVT after 
TKA
The assessment of the risk factors of DVT were analyzed 
by univariate and multivariate Logistic regression. As 
shown in Table  2, univariate logistic regression showed 
that age, BMI, bilateral TKA, family history of DVT, 
duration of operation, CRP, NO and miR-199b-5p were 
risk factors for DVT after TKA (P < 0.05). Besides, after 
adjusting for confounders, multivariate logistic regres-
sion proved that increased age, family history of DVT, 
decreased NO and increased miR-199b-5p were the 
independent risk factors for DVT (P < 0.05).

Correlation between miR-199b-5p and NO
The correlation between miR-199b-5p after TKA and 
preoperative NO levels was evaluated using the Pearson 
correlation coefficient method. As shown in Fig.  2, the 
level of NO in patients showed a significant negative cor-
relation with the level of miR-199b-5p (P < 0.001).

ROC analysis
The diagnostic value of miR-199b-5p, NO, and the 
combination of miR-199b-5p and NO for DVT was 
determined using ROC curve. The ROC curve for miR-
199b-5p showed an area under the curve (AUC) value 
of 0.766, with a sensitivity of 75.0%, and a specificity was 
71.3% (see Fig. 3A). For NO, the ROC curve showed an 
AUC of 0.730, and the sensitivity and specificity were 
62.4% and 65.1%, respectively (Fig. 3B). Additionally, the 
ROC curve for the combination of miR-199b-5p and NO 
had an AUC value of 0.847, with a sensitivity of 85.0% 
and a specificity of 76.2% (Fig. 3C). These results indicate 
that preoperative NO levels and the postoperative miR-
199b-5p levels have high diagnostic value in distinguish-
ing between DVT and non-DVT patients, with their 
combination providing the highest diagnostic value in 
patients with DVT.

Bioinformatics analysis of miR-199b-5p
TargetScan predicted 634 target genes, ENCORI pre-
dicted 1582 target genes, EVmiRNA predicted 811 tar-
get genes, miRPathDB predicted 7551 target genes, and 
miRDB predicted 556 target genes. The Venn diagram 
was constructed using the target genes predicted by these 
five databases, and the results were shown in Fig.  4A. 
At least 85 target genes of miR-199b-5p were predicted 
jointly by the five databases (shown in Table 3). GO anal-
ysis of the 85 predicted target genes showed that these 
target genes were mainly enriched in cytoplasmic ribonu-
cleoprotein particles. They are involved in various biolog-
ical processes such as embryonic development, adipocyte 
differentiation, transcription regulation. Additionally, 
they have molecular functions such as DNA binding, 
transcription factor binding, nuclear receptor activity, 

Table 1 Comparison of preoperative clinical information 
between DVT patients and non-DVT patients
Items Non-DVT 

group
(n = 101)

DVT group
(n = 20)

P

Sex (male/female) 51/50 8/12 0.467
Age (years) 65.48 ± 7.59 70.55 ± 7.24 0.005
BMI (kg/m2) 23.62 ± 3.18 24.41 ± 3.08 0.119
Smoking history (n, %) 36 (35.6%) 9 (45.0%) 0.456
Drinking history (n, %) 26 (25.7%) 7 (35.0%) 0.417
Bilateral TKA (n, %) 35 (34.7%) 12 (60.0%) 0.045
Diabetes (n, %) 15 (14.9%) 6 (30.0%) 0.114
Hypertension (n, %) 20 (19.8%) 5 (25.0%) 0.787
Family history of VTE (n, %) 2 (2.0%) 4 (20.0%) 0.007
Disease duration (years) 5.30 ± 2.86 6.63 ± 2.34 0.055
Operation duration (min) 150.81 ± 50.75 190.22 ± 47.73 0.002
Intraoperative bleeding 
loss (mL)

135.66 ± 55.93 169.60 ± 39.18 0.011

CRP (mg/L) 16.82 ± 8.93 21.32 ± 7.59 0.037
PT (s) 11.30 ± 0.77 11.83 ± 1.11 0.010
Fib (g/L) 3.82 ± 1.78 4.22 ± 1.46 0.347
NO (µmol/L) 36.91 ± 12.59 30.40 ± 12.12 0.036
Abbreviations DVT, deep venous thrombosis; BMI, body mass index; TKA, total 
knee arthroplasty; VTE: venous thromboembolism; CRP, C-reactive protein; PT, 
prothrombin time; Fib, fibrinogen; NO, nitric oxide. P < 0.05 means significant 
difference
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and corticosteroid receptor binding (Fig.  4B-D). KEGG 
pathway enrichment analysis indicated that miR-199b-5p 
target genes were primarily enriched in TGF-β, MAPK, 
TNF, estrogen, and Ras signaling pathways (Fig.  4E). 
The PPI network was constructed with 102 target genes, 
revealing that the hub protein coding genes most inter-
acting with other proteins were SOX9, HIF1A, COL2A1, 
JAG1, SNAI1, SERPINH1 and ZEB1 (Fig. 4F).

Discussion
In this study, it was observed that the expression of miR-
199b-5p in the serum of patients after TKA was signifi-
cantly higher than before TKA. The incidence of DVT 
after TKA was 16.53%. Multi-factor analysis showed that 
increased age, family history of DVT, decreased NO, 
and increased miR-199b-5p were risk factors for post-
operative DVT. Additionally, the study found that the 
level of NO before TKA was negatively correlated with 
the expression of miR-199b-5p after TKA. Furthermore, 
it evaluated the predictive value of miR-199b-5p and 
NO for DVT and found that their combination of miR-
199b-5p and NO had the highest diagnostic accuracy for 
DVT.

For a long time, the academic community has generally 
believed that age is one of the risk factors for DVT after 
orthopedic lower extremity surgery. In this study, multi-
variate logistic regression showed that increasing age is 
an independent risk factor for DVT. China’s thrombo-
sis prevention guidelines pointed out that the older the 
patient, the greater the risk of DVT. Lee et al. found that 
the incidence of lower extremity DVT increased by about 
5 times in people aged 50–59 years compared to those 
younger than 49 years [19]. Aging may increase the risk 
of DVT due to decreased elasticity of blood vessel walls, 
venous valve atrophy, and increased blood viscosity [20]. 
Additionally, the increase of oxygen free radicals and 
reactive oxygen species further damages the blood ves-
sel intima, activates the coagulation system, and further 
stimulates the occurrence of thrombosis [21]. Therefore, 
with increasing age, the risk of DVT after TKA rises, 
necessitating stronger DVT prevention measures for the 
elderly. In this study, it was observed that the proportion 
of patients with a family history of DVT was significantly 
higher in the DVT group than in the non-DVT group. 
Some studies have shown that a family history of VTE 
is also a risk factor for DVT [22]. Vascular endothelium 
is a highly differentiated squamous cell type that can 
change vascular permeability, mediate vascular inflam-
mation, and inhibit platelet aggregation and adhesion 
through endocrine and autocrine pathways [23]. Vascu-
lar endothelial injury is a major cause of thrombosis, so 
the detection of vascular endothelial injury markers has 
important clinical significance. Currently, the commonly 
used clinical markers include ET-1, vWF, PECAM-1, and 

Table 2 Logistic regression analysis of clinical indicators related 
to DVT after TKA
Factors Univariate Multivariate

OR (95% 
CI)

P OR (95% CI) P

Sex (male/female) 1.530 
(0.577–
4.060)

0.393 / /

Age (years) 3.447 
(1.165–
10.201)

0.025 4.476 
(1.136–17.633)

0.032

BMI (kg/m2) 2.904 
(1.033–
8.164)

0.043 3.156 
(0.798–12.486)

0.101

Smoking history (n, %) 0.677 
(0.256–
1.787)

0.431

Drinking history (n, %) 1.040 
(0.344–
3.143)

0.945 / /

Bilateral TKA (n, %) 2.829 
(1.057–
7.567)

0.038 2.662 
(0.734–9.368)

0.138

Diabetes (n, %) 2.457 
(0.816–
7.440)

0.110 / /

Hypertension (n, %) 1.012 
(0.305–
3.362)

0.984 / /

Family history of VTE 
(n, %)

12.375 
(2.092–
73.209)

0.006 16.854 
(1.681-168.963)

0.016

Disease duration 
(years)

2.790 
(0.993–
7.841)

0.052 3.016 
(0.816–11.150)

0.098

Operation duration 
(min)

3.447 
(1.165–
10.201)

0.025 2.028(0.532–7.728) 0.301

Intraoperative bleed-
ing loss (mL)

2.051 
(0.756–
5.565)

0.159 / /

CRP (mg/L) 3.886 
(1.312–
11.511)

0.014 3.673 
(1.002–13.459)

0.050

PT (s) 2.134 
(0.786–
5.792)

0.137 / /

Fib (g/L) 1.061 
(0.407–
2.770)

0.903 / /

NO (µmol/L) 0.290 
(0.098–
0.859)

0.028 0.227 
(0.057–0.895)

0.034

miR-199b-5p 3.868 
(1.371–
10.919)

0.011 5.054 
(1.339–19.078)

0.019

Abbreviations DVT: deep vein thrombosis; TKA: total knee arthroplasty; OR: odds 
ratio; BMI: body mass index; CRP: C-reactive protein; PT: prothrombin time; Fib: 
fibrinogen; NO: nitric oxide. P < 0.05 indicates a significant difference
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NO [24, 25]. This study focused on detecting blood levels 
of NO. NO is a small molecule vasoactive substance and 
an important endogenous vasodilator. When endothelial 
function is impaired, the production and secretion of NO 
decrease [26]. The results showed that the concentration 
of NO in patients with DVT was significantly lower than 
that in the non-DVT group, indicating that the endothe-
lial dysfunction in patients with DVT was more severe 
than that in the non-DVT group.

The dysregulation of miR-199b-5p was initially found 
to be significant in the development of human can-
cers, such as acute myeloid leukemia and hepatocel-
lular carcinoma [27, 28]. A recent study showed that 
miR-199b-5p was elevated in the serum of patients with 

osteoarthritis [17]. In this study, after comparing the lev-
els of miR-199b-5p before and after TKA in patients, it 
was observed that the expression of miR-199b-5p at 24 h 
after TKA was significantly higher than before TKA. This 
indicates that miR-199b-5p may be potentially related to 
the formation of DVT after TKA. Subsequently, the miR-
199b-5p index was chosen to predict DVT at 24 h post-
operatively. At the same time, preoperative NO index was 
selected to predict DVT. The results revealed that both 
indexes were accurate in diagnosing DVT. It was noting 
that the ROC curve of miR-199b-5p combined with NO 
had the highest diagnostic value for DVT.

Considering the differential expression of miR-
199b-5p in the DVT and non-DVT groups, we explored 

Fig. 3 ROC curves analysis. (A) ROC curve of miR-199b-5p. (B) ROC curve of NO. (C) ROC curve of miR-199b-5p combined with NO

 

Fig. 2 Pearson correlation coefficient analysis showed that NO level was negatively correlated with the expression level of miR-199b-5p (r = -0.5007, 
P < 0.0001)
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the molecular functions of the target genes regulated 
by miR-199b-5p and the possible pathways involved. 
We predicted a total of 85 downstream target genes, 
mainly involved in biological processes such as cell dif-
ferentiation, transcriptional regulation, and embryonic 
development. These genes were enriched in multiple sig-
naling pathways, including MAPK, TNF, and Ras signal-
ing pathways. We identified the top 5 hub proteins that 
interact most with other proteins in the PPI network: 
SOX9, HIF1A, COL2A1, JAG1, and SNAI1. According 
to the literature search information, it was found that the 
expression of these hub proteins was significantly corre-
lated with the occurrence of thrombus. For example, the 

expression of JAG1 is decreased in the blood of patients 
with lower limb DVT and is related to the course of DVT 
[29]. The mechanism of miR-199b-5p’s involvement in 
thrombus regulation remains to be further explored.

This study also has some limitations. Considering that 
this study is a single-center study with limited samples, 
the incidence of DVT in the lower limbs after TKA may 
be unstable, which requires further multi-center and 
large sample prospective studies to verify the stability of 
the results of this study. In addition, at present, this study 
only shows that the increase of miR-199b-5p after TKA 
is potentially associated with the occurrence of DVT, but 
in fact, the role and mechanism of miR-199b-5p in DVT 

Table 3 The names of 85 downstream target genes of miR-199b-5p at the intersection of the Venn diagram
ATP13A2 SIRT1 GIT1 MAP4K3 MYH9 CLCN3 PPP1R9A
ECE1 SHOC2 MINK1 PREPL CELSR1 MIER3 PDE7A
WDTC1 FZD4 NLK MCFD2 GSK3B PDE4D RUNX1T1
AGO1 CAPRIN1 ITGA3 ALS2 PLXND1 MGAT4B SNTB1
RNF11 SORL1 AKAP1 USP37 KPNA4 OSTM1 SLC25A37
POGK ACVR1B CLTC NPAS2 ACVR2B CEP85L SULF1
LAMC1 SP1 ZNF516 RANBP2 ARIH2 GCNT2 FZD6
TGFB2 RASSF3 ZCCHC2 GPD2 ATXN7 E2F3 SLC24A2
ZBTB18 MAB21L1 SLC35E1 STK4 KIT SOX4 HSPA5
ITGA8 HIF1A PNPLA6 DYRK1A TET2 CDCA7L RLIM
ANK3 ZBTB42 BCAM MICAL3 KIAA1109 PODXL TAF9B
CACNB2 FAM222B ZNF544 MN1 NAA15 AUTS2 TSPAN6
DDX3X

Fig. 4 Bioinformatics analysis of miR-199b-5p. (A) Venn diagram of five database-predicted downstream target genes of miR-199b-5p. GO analysis of (B) 
cellular component, (C) biological process and (D) molecular function. (E) KEGG pathway enrichment analysis. (F) Protein-protein interaction (PPI) analysis. 
The miR-199b-5p target regulatory interaction network
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remain unclear. Therefore, in future studies, we will try 
to verify the mechanism of miR-199b-5p in DVT through 
in vivo and in vitro experiments. In short, cultured 
human umbilical vein endothelial cells in vitro were used 
to investigate the changes of endothelial injury related 
indexes, inflammation indexes and coagulation indexes. 
The rat model of DVT was constructed, and miRNA 
simulators or inhibitors were injected into the tail vein to 
observe the thrombosis formation and index changes.

In summary, this study found that the expression of 
miR-199b-5p increased after TKA compared to before 
TKA. Multivariate regression analysis showed that age, 
family history of DVT, decrease of NO and increase of 
mIR-199b-5p were risk factors for DVT after TKA. miR-
199b-5p combined with NO has good diagnostic value 
for the occurrence of DVT after TKA.
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