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Abstract
Background. The aim of this study was to explore the relationship between coagulation/�brinolysis function and
serum lipid levels in people with advanced knee osteoarthritis (KOA).

Methods. From January 1st 2013 to January 1st 2018, a total of 206 patients underwent total or unicompartmental
knee arthroplasty in Changzhou No.1 People’s Hospital were enrolled consecutively in this study. Baseline
characteristics and preoperative laboratory indicators of patients were collected. The association between
coagulation/�brinolysis function and serum lipid levels was analyzed using Spearman correlation analysis and
multiple linear regression.

Results. Spearman correlation analysis revealed that coagulation/�brinolysis function was associated with serum
lipid levels, especially prothrombin time was moderately negatively correlated with Apolipoprotein-A1 (r=-0.4585,
P<0.05). The multiple linear regression analyses were performed with serum lipid levels as the independent variables
and coagulation/�brinolysis function parameters as the dependent variables after adjusting for sex, age, body mass
index, hypertension, diabetes mellitus and coronary heart disease. We found that the regression analysis was reliable
(its imitation degree was ideal, adjusted R^2 = 0.3108) and predictive (P<0.0001) when the dependent variable was
prothrombin time. The signi�cant contributors to prothrombin time were triglyceride (P<0.001), high density
lipoprotein cholesterol (P=0.003), Apolipoprotein-A1 (P=0.017) and Lipoprotein (a) (P=0.015).

Conclusions. The results of this study showed that coagulation/�brinolysis function was correlated with serum lipid
levels in patients with advanced KOA, although the correlation may be small. It may be hypothesized that strategies
for lipid control may help improve coagulation/�brinolytic dysfunction in patients with KOA.

Trial registration. This clinical study was retrospectively registered in a publicly available registry because this study
was a retrospective study began in 2018. This study was approved by the Ethics Committee of the Third A�liated
Hospital of Soochow University in Jiangsu Province of China (No.CZYY2021187).

Background
Knee osteoarthritis (KOA) is one of the most common joint diseases and a major cause of chronic disability in the
world [1–4]. KOA is known to cause articular cartilage destruction and a low in�ammatory state in the joint, leading
to a series of clinical symptoms such as pain, swelling and loss of function [5]. It is widely accepted that there are
both in�ammatory and immune reactions in the pathological process of KOA [1].

The relationship between hyperlipidemia and KOA has always been controversial. Some evidence suggest that the
abnormalities in lipid metabolism are a potential cause of KOA [6]. Excess fat can increase the risk of hypertension,
insulin resistance, hyperinsulinemia, glucose intolerance and cardiovascular disease, which may be associated with
KOA [7]. A case-control study from the United Kingdom suggested that hyperlipidemia was associated with the onset
of hand osteoarthritis [8]. However, a large observational longitudinal study funded by the National Institutes of
Health found no correlation between total cholesterol (TC), high density lipoprotein cholesterol (HDL-C), or low
density lipoprotein cholesterol (LDL-C) and the prognosis of OA [9]. Despite these mixed results, some studies have
shown that lipids can participate in the in�ammatory response of OA, which inspire us to conduct further research in
this area. Oliviero et al. observed association between Apolipoprotein-A1 (ApoA1) and in�ammatory markers by
leukocyte counts in synovial �uid of OA patients [10]. Kaibin Zhang et al. found that synovial �uid (SF) HDL-C and
ApoA1 levels may serve as predictors of OA severity [11].
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Results

There is increasing evidence that osteoarthritis is involved in the activation of local and/or systemic coagulation and
�brinolytic cascades [12]. Thrombin not only acts as a coagulant or anticoagulant agent, but as a signaling molecule
that controls in�ammation and promotes platelet activation and aggregation by activating protease-activated
receptors (PARs) on platelets [13]. Varisco and Marty believed that blocking the formation of �brin could alleviate
experimental arthritis [14, 15]. Some evidence indicated that plasminogen activation in joints of OA patients was
mainly through urokinase-type plasminogen activator (u-PA), which was the most important plasminogen activator
involved in tissue modi�cation [16].

It has been reported that high blood lipid levels were linked to hypercoagulability [17–19]. A longitudinal and
prospective study in Taiwan with hypertriglyceridemia patients and age-matched normal controls found that a
signi�cant increase in triglycerides was associated with a hypercoagulable state [17]. Jung-Ah Kim’s study focused
on the effect of lipids on coagulation assay results in a normal population, and showed that high levels of triglyceride
and total cholesterol were correlated with increased coagulation activity [20]. However, the relationship between lipid
levels and coagulation function has not been studied in patients with KOA yet. In the process of osteoarthritis, lipids
can participate in in�ammatory reactions, and in�ammation is a potent inducer of both coagulation and �brinolysis.
No clinical studies have focused on this issue at present. Therefore, our study aimed to explore the relationship
between coagulation/�brinolysis function and serum lipid levels in advanced KOA patients by using Spearman
correlation analysis and multiple linear regression analysis.

Methods
Patients with severe degenerative knee osteoarthritis who were preparing for total knee arthroplasty or single-
compartment knee arthroplasty were enrolled in our study. The exclusion criteria: (1) rheumatoid arthritis (2)
ankylosing spondylitis (3) traumatic arthritis (4) history of bone tumor (5) history of hematological diseases which
could seriously interfere with blood clotting (6) history of lipid-lowering medications. Finally, a total of 206 patients
(55 males and 151 females) accepted total or unicompartmental knee arthroplasty on account of advanced KOA in
Changzhou No.1 People’s Hospital from January 1st 2013 to January 1st 2018 were recruited in this study. Baseline
characteristics including gender, age, body mass index (BMI), hypertension (HT), diabetes mellitus (DM) and coronary
heart disease (CHD) were recorded. Preoperative laboratory examinations such as D dimer (D-D), �brinogen (FIB),
prothrombin time (PT), activated partial thromboplastin time (APTT), total cholesterol (TC), triglyceride (TG), high
density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), Apolipoprotein-A1 (ApoA1),
Apolipoprotein-B (ApoB), Apolipoprotein-E (ApoE) and Lipoprotein (a) (Lp(a)) were recorded as well. Blood samples
were collected after fasting for eight hours the morning after admission. The specimen was sent to the clinical
laboratory and then analyzed with an automatic biochemical autoanalyzer.

This study was conducted in accordance with the principles of the Declaration of Helsinki. This study was approved
by the Ethics Committee of the Third A�liated Hospital of Soochow University (No.CZYY2021187). Due to the
retrospective nature of the study, patient consent for inclusion was waived.

Continuous variables involved in this study did not conform to normal distribution and were expressed by median
(inter quartile range, IQR). Categorical variables were expressed by frequency and percentage. The association
between coagulation/�brinolysis function and serum lipid levels was analyzed using Spearman correlation analysis
and multiple linear regression. Statistical analysis and graphics were performed using STATA 15.0. Two tailed P < 
0.05 was considered to be statistically signi�cant.
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Between January 1st 2013 and January 1st 2018, a total of 206 patients with advanced KOA were enrolled
consecutively in this study. In summary, the cohort was predominantly women (73.3%), with median age of 70.5
years and had high BMI (26.37 kg/m2). It was observed that, in this sample, 49.02% of the patients were complicated
with hypertension, 11.65% with diabetes, and 9.22% with coronary heart disease. Baseline characteristics and
preoperative laboratory indicators of patients were summarized in Table 1.

 
 

Table 1
Baseline characteristics

Male n (%) 55 (26.70%)

Age, year 70.5 (10)

BMI, kg/m2 26.37 (3.59)

HT n (%) 100 (49.02%)

DM n (%) 24 (11.65%)

CHD n (%) 19 (9.22%)

D-D, mg/L 0.47 (0.75)

PT, sec 10.8 (1.0)

APTT, sec 26.9 (4.1)

FIB, g/L 3.01 (0.95)

TC, mmol/L 4.71 (1.29)

TG, mmol/L 2.07 (1.38)

HDL-C, mmol/L 1.14 (0.35)

LDL-C, mmol/L 2.32 (0.95)

ApoA1, g/L 1.26 (0.22)

ApoB, g/L 0.96 (0.33)

ApoE, g/L 46.4 (16.8)

Lp(a), mg/L 98.5 (100)

Note: Continuous variables were expressed as median (inter quartile range, IQR). Categorical variables were
expressed by frequency and percentage.

Abbreviations: BMI body mass index; HT hypertension; DM diabetes mellitus; CHD coronary heart disease; D-D D
dimer; PT prothrombin time; APTT activated partial thromboplastin time; FIB �brinogen; TC total cholesterol; TG
triglyceride; HDL-C high density lipoprotein cholesterol; LDL-C low density lipoprotein cholesterol; ApoA1
Apolipoprotein-A1; ApoB Apolipoprotein-B; ApoE Apolipoprotein-E; Lp(a) Lipoprotein (a)
To examine the association between coagulation/�brinolysis function and serum lipid levels in advanced KOA, we
performed Spearman correlation analysis in Table 2. The Bonferroni adjustment was used to adjust the signi�cance
level. D dimer was negatively correlated with TG and ApoA1 (P < 0.05). PT was negatively correlated with TC, TG,
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HDL-C, LDL-C, ApoA1, ApoB and ApoE (P < 0.05). APTT was negatively correlated with TC, TG, LDL-C, ApoB and ApoE
(P < 0.05). FIB was positively correlated with Lp(a) (P < 0.05). In the above results, PT was moderately negatively
correlated with ApoA1 (r=-0.4585, P < 0.05), while the others were low correlated.

 
 
 

Table 2
Correlation analysis of coagulation and �brinolysis index with serum lipids in patients with advanced

KOA
Index TC TG HDL-C LDL-C ApoA1 ApoB ApoE Lp(a)

D-D -0.0896 -0.1642* -0.1346 -0.0657 -0.1969* -0.0762 0.0922 0.0399

PT -0.2334* -0.3124* -0.3026* -0.1790* -0.4585* -0.2360* -0.2107* 0.1218

APTT -0.3109* -0.2788* -0.1210 -0.2161* -0.1116 -0.1918* -0.1896* 0.0358

FIB 0.0521 -0.1280 0.0159 0.0781 -0.0587 0.0855 0.0705 0.1937*

Note: *. Correlation was signi�cant at 0.05 level (2-tailed).

Abbreviations: D-D D dimer; PT prothrombin time; APTT activated partial thromboplastin time; FIB �brinogen; TC total
cholesterol; TG triglyceride; HDL-C high density lipoprotein cholesterol; LDL-C low density lipoprotein cholesterol;
ApoA1 Apolipoprotein-A1; ApoB Apolipoprotein-B; ApoE Apolipoprotein-E; Lp(a) Lipoprotein (a)

 

After that, multiple linear regression analyses were performed with serum lipid levels as the independent variables
and coagulation/�brinolysis function parameters as the dependent variables, adjusting for sex, age, BMI, HT, DM and
CHD. Due to the non-normal distribution of serum lipid levels and coagulation/�brinolysis function parameters,
logarithmic transformation was performed to satisfy the multiple linear regression analysis. Correlation coe�cients
and variance in�ation factors were used to evaluate whether multicollinearity existed among independent variables. It
was found that there was multicollinearity between TC and LDL-C. Thus we cancelled the inclusion of independent
variable TC in order not to affect the �tting of the multiple linear regression model as LDL -C was currently recognized
as a major risk factor for atherosclerosis. Detailed results were shown in Table 3. We found that the regression
analysis was reliable (its imitation degree was ideal, adjusted R^2 = 0.3108) and predictive (P < 0.0001) when the
dependent variable was PT. But the imitation degree were not ideal when the dependent variables were APTT (P = 
0.0008, adjusted R^2 = 0.1076) and D dimer (P = 0.0001, adjusted R^2 = 0.1394). And the regression analysis was not
predictive (P = 0.0598) when the dependent variable was FIB. Based on the above results, we �nally established a
linear regression model with PT as the dependent variable, and came to the conclusion that the signi�cant
contributors to prothrombin time were TG (P < 0.001), HDL-C (P = 0.003), ApoA1 (P = 0.017) and Lp(a) (P = 0.015).
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Table 3
Multiple linear regression analysis of coagulation/�brinolysis function and serum lipid levels (in logarithmic form)
Independent
variables

Dependent variables

  Log PT Log APTT Log D-D Log FIB

  Coe�cients P
values

Coe�cients P
values

Coe�cients P
values

Coe�cients P
values

Log TG -0.054 < 
0.001*

-0.118 < 
0.001*

-0.608 0.003* -0.158 0.006*

Log HDL-C -0.078 0.003* -0.138 0.008* -0.636 0.108 -0.023 0.837

Log LDL-C 0.008 0.736 -0.123 0.010* -0.202 0.580 -0.082 0.430

Log ApoA1 -0.103 0.017* 0.111 0.199 -0.858 0.194 -0.088 0.639

Log ApoB -0.031 0.382 0.171 0.017* -0.163 0.765 0.250 0.108

Log ApoE 0.022 0.252 0.013 0.734 0.987 0.001* 0.095 0.251

Log Lp(a) 0.013 0.015* 0.001 0.954 0.040 0.613 0.054 0.018*

Notes: Due to the non-normal distribution of serum lipids and coagulation/�brinolysis function parameters,
logarithmic transformation was performed to satisfy the multiple linear regression analysis.

Covariates: sex, age, body mass index (BMI), hypertension (HT), diabetes mellitus (DM), coronary heart disease
(CHD) 

Abbreviations: TG triglyceride; HDL-C high density lipoprotein cholesterol; LDL-C low density lipoprotein cholesterol;
ApoA1 Apolipoprotein-A1; ApoB Apolipoprotein-B; ApoE Apolipoprotein-E; Lp(a) Lipoprotein (a); PT prothrombin time;
APTT activated partial thromboplastin time; D-D D dimer; FIB �brinogen

*. Correlation was signi�cant at 0.05 level (2-tailed).

Discussion
The results of this study suggest that there may be some association between coagulation/�brinolysis function and
serum lipid levels in patients with advanced KOA, although the correlation may be small.

Numerous studies have shown that osteoarthritis can occur articular cartilage destruction, chondrocyte apoptosis,
subchondral sclerosis, cystic changes, osteophyte formation at the joint edge, local blood circulation abnormalities,
etc., and its pathogenesis is still unclear [5, 21]. So far, studies have suggested that both immune and in�ammatory
reactions exist in the pathological process of OA [1]. The NF-κB signaling pathway is ubiquitous in eukaryotic cells
and has various regulatory functions such as regulating immune and in�ammatory responses. In the physiological
state, the balanced NF-κB response maintain the stability of internal environment. However, in the pathological state,
the NF-κB response promotes the expression of pain-causing mediators and in�ammatory mediators, which results in
catabolic processes, cell death or apoptosis. Many studies have shown that NF-κB signaling pathway plays a major
role in the pathogenesis and development of osteoarthritis [22, 23]. NF-κB, a member of the transcription factors
family of proteins, exists in cells mainly as heterodimer formed by P50 and P65 binding in vivo. In normal state, NF-
κB (P50 / P65) binds to inhibitory protein IkB, which puts it in a state of inactivation. Proin�ammatory cytokines,
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excessive mechanical stress, and/or matrix-degrading enzymes can trigger a series of reactions which cause
proteasome degradation of IkB, and then result in the release of active NF-κB (RelA/ NF-ΚB1 dimer) [24]. NF-κB is
highly activated at the site of synovial in�ammation in patients with KOA [25]. The roles of NF-κB in OA chondrocytes
and cartilage have been well-documented [26]. Increasing evidence has shown that many types of miRNAs suppress
chondrocyte catabolism by inhibiting molecular components of the NF-κB signaling pathway. For example, Yanjie
Ding found that miR-93 inhibited the NF-κB pathway by targeting toll-like receptor-4 (TLR4), which was the upstream
regulators of NF-κB [27]. Cytokines are a kind of bioactive protein molecules synthesized and secreted by immune
cells and some non-immune cells after stimulation [28]. The role of cytokines in the pathophysiology of OA is well-
documented. They participate in in�ammation and immune response through the exchange and regulation of
information between cells. In normal human body, the in�ammatory factors and anti-in�ammatory factors maintain
a dynamic balance. IL-1, IL-6, IL-8, IL-17 and TNF-α are the main in�ammatory cytokines. IL-1Ra, IL-4, IL-10 and IL-13
are the main anti-in�ammatory cytokines [1, 29, 30]. The NF-κB signaling pathway promotes the transcription of
genes encoding cytokines like TNF-α and IL-1β and then induces the production of IL-6, IL-8, and cyclooxygenase-2
(COX-2). After that, the NF-κB signaling pathway stimulates the production of matrix metalloproteinases (MMPs) in
synovial cells, monocytes, or chondrocytes, and ultimately mediates critical events in in�ammatory response [31]. In
addition to regulating the expression of TNF-α and IL-1β, NF-κB is activated by these cytokines as well. In�ammatory
factors and activated NF-κB actually form a positive cycle of regulation [23].

The relationship between serum lipid levels and OA has not been determined yet. More and more evidence suggests
that OA is a "metabolic disorder" in which the associated lipid metabolism contributes to the progression of the
disease [6, 32]. In the in vitro experiment of Dominique et al. [33], the levels of TC, LDL-C and ApoA1 were strongly
correlated in the articular cavity of OA patients, and were correlated with the local in�ammatory process in the OA
articular cavity through IL-6 and MMP-3. Dominique considered that the downstream pathways of NF-κB and MAPK
were induced by ApoA1 stimulation [33]. ApoA1 induced the expression of IL-6, MMP-1 and MMP-3 in primary
chondrocytes and �broblast-like synovial cells through TLR4 receptor, and was directly or indirectly involved in local
in�ammatory responses. Onat et al. also found that ApoA1 could be converted into pro-in�ammatory particles by
aggregation to Lp(a) [34].

Activated partial thromboplastin time (APTT), prothrombin time (PT), �brinogen (FIB) and D dimer (D-D) are common
indexes for detecting coagulation and �brinolysis function in clinic. APTT and PT are the most sensitive and
commonly used screening tests in the internal and external coagulation system, which mainly re�ect whether the
internal and external coagulation is normal. Fibrinogen, also known as coagulation factor I, is the highest content of
coagulation factor in plasma and the main protein in the coagulation process. D dimer is a cross-linked �brin
degradation product, and its level changes can be used as one of the markers of hypercoagulability and �brinolysis
in vivo. Therefore, the above four indicators were selected to evaluate the coagulation and �brinolysis function of
patients in this study [35]. A number of studies have focused on the relationship between coagulation/�brinolytic
system and in�ammation recently [12, 36, 37]. Thrombin mediates hemostasis and in�ammatory response and
directs the immune response to tissue damage [12]. Activation of PARs on platelets plays an important role in
hemostasis and thrombosis. Several studies found that PARs involved in the development of both in�ammatory
responses and thrombin [13, 38]. Stimulation of isolated monocytes by thrombin or a receptor-selective PAR1-AP
(TFLLRNPNDK) resulted in release of IL-6 [39]. The study of Y. Xiang showed that thrombin increased the expression
of in�ammatory cytokines such as IL-1𝛽, TNF-α, transforming growth factor-𝛽 1 (TGF-𝛽1), IL-6 and COX-2 in
osteoblasts or osteoblast cells [40]. On the other hand, the proteolytic activity of plasmin contributes to in�ammation
and remodeling in disease [37]. A.K. 's study showed that in OA patients, elevated D dimer levels demonstrated
increased intra-articular coagulation and increased �brin dissolution [36]. Plasmin is the main enzyme mediator of
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�brinolysis, forming TLR-4 and activating �brin degradation products (FDPs). Whether activated by TLR-4 for FDPs
formation, or by MMPs and/or PAR-1, the proteolytic activity of plasmin contributes to in�ammation and remodeling
[37, 41]. Proteases such as FXa, FVIIa, thrombin, plasminase, urokinase-type plasminogen activator (u-PA) and tissue-
type plasminogen activator (t-PA) not only participate in extravascular coagulation or �brinolysis, but also mediate
in�ammation response and tissue remodeling [37]. Some studies showed that patients with hypercholesterolemia or
triglyceridemia had higher levels of �brinogen and factor VII and shorter PT and APTT values than patients with
lower cholesterol levels [17, 19]. Jung-Ah Kim et al. discovered that procoagulant factors II, VII, IX, X, and XI and
anticoagulant factors protein C and protein S were signi�cant correlated with triglyceride [20]. The increase of
procoagulant factors may be greater than that of anticoagulant factors, and the total hemostatic balance may tend
to change to hypercoagulability in hyperlipidemia.

This was the �rst study to explore the association between coagulation/�brinolysis function and serum lipid levels in
patients with KOA. Based on previous �ndings, there may be a link among coagulation/�brinolysis function, blood
lipid levels and in�ammatory response. Lp (a) is a complex formed by Apo (a) (apolipoprotein (a)) and LDL, which
main apolipoproteins are ApoB100 and Apo (a). Nathalie Busso et al. found co-deposition of plasma Apo (a) with
�brin in arthritic joints, suggesting that Apo (a) locally regulated �brinolytic activity and may contribute to the
persistence of �brin and bone matrix degradation in in�ammatory arthritis [42]. Tsimikas Sotirios et al. con�rmed
that Lp (a) was highly homologous with �brinolytic enzyme, which could competitively bind its receptor and lead to
the reduction of thrombolysis by interfering with the physiological activity of �brinolytic enzyme [43]. Similar results
were obtained in this study, that is, �brinogen was positively correlated with Lp(a). TLR4, an upstream regulator of
NF-κB, mediated the expression of IL-6, MMP-1 and MMP-3 in primary chondrocytes and �broblast-like synovial cells
induced by ApoA1 [33]. Interestingly, plasmin was able to form TLR-4 and activate FDPs [44]. Onat’s study showed
that ApoA1 could be transformed into pro-in�ammatory particles by polymerization to Lp (a) [34]. ApoA1 is the main
apolipoproteins of chylomicrons (CM) and HDL-C, while CM is a TG-rich lipoprotein, which may partly explain the
relationship between TG, HDL-C and coagulation function in this study. It is still necessary for us to further improve
the relevant basic research of coagulation factors, lipoprotein, as well as pro-in�ammatory and anti-in�ammatory
factors, so as to obtain more accurate results. Joint replacement surgery is still the preferred treatment for advanced
KOA so far [45, 46]. With the increasing understanding of osteoarthritis, there are currently some non-surgical
treatments. One of them is intra-articular therapy with platelet-rich plasma, which requires us to pay attention to the
coagulation/�brinolysis function of patients [47]. It is a new idea brought by this study to control serum lipid levels
through lifestyle or medication to avoid abnormal coagulation/�brinolysis state. There is considerable evidence that
statins have antithrombotic properties, as they may lead to signi�cant downregulation of the clotting cascade, most
likely due to decreased tissue factor expression leading to reduced thrombin production [18].

Despite the advantages above, some limitations have to be considered. Since our subjects were from the local
population, we could not rule out the effect of ethnic differences on our results. And the cross-sectional study design
was inevitably open to confounding factors which may exaggerate or reduce the association between exposure and
the primary outcome. In addition, only patients with advanced KOA were included in our study, which needed to be
further supplemented. Moreover, we did not have blood coagulation factor measurements except factor I at that time,
so we could not examine if coagulation factor was associated with serum lipid levels in KOA patients. Due to the lack
of relevant data, we did not include the symptom severity and radiographic data in this study, which would be
remedied and improved in the future research of our group.

Conclusions
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This study demonstrates that coagulation/�brinolysis function is correlated with serum lipid levels in people with
advanced KOA, although the correlation may be small. It can be assumed that strategies for lipid control may help
improve coagulation/�brinolytic dysfunction in patients with KOA, although this hypothesis needs to be tested further
considering the characteristics of cross-sectional design.
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