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Abstract: Studies on risk factors of Osteoarthritis (OA) suggest that patients with OA are 

associated with abnormal lipid metabolism, and hyperlipidemia may also be a risk factor 

for OA. In this paper, we review the crucial role of metabolic syndrome in the pathology 

of Osteoarthritis, investigate the relationship between osteoarthritis and TC levels, clarify 

the association between cholesterol levels and chondrocytes, oxidative stress, and the 

therapeutic means to alleviate Osteoarthritis by regulating cholesterol levels. 

1. Introduction 

Osteoarthritis (OA), the most widespread disease in total joint degeneration, is characterized by 

cartilage destruction, bone redundancy formation, and subchondral bone remodeling[1-3]. 

According to the literature, approximately 10% of men and 18% of women worldwide suffer from 

various symptoms of Osteoarthritis. The prevalence of OA will continue to increase with aging.[4, 

5].OA is associated with individual and joint-level factors, such as gender, age, obesity, genetics, 

race, ethnicity, joint injury, joint misalignment, and abnormal joint loading[6]. OA is not only a 

common disease related to physical stress and age but also a manifestation of “metabolic-related 

syndrome,” in which multiple risk factors combine to cause the development of Osteoarthritis. OA 

is not only a physical stress and age-related joint disease but also a manifestation of a “metabolic-

related syndrome” in which multiple risk factors contribute to the development and progression of 

the disease, one of which is the value of TC in the body[7]. 

2. Epidemiological Epidemiologic Association of Cholesterol Levels with OA 

Current epidemiological studies have shown a chronic correlation between serum cholesterol 

levels and OA, and that elevated serum cholesterol is a risk factor for systemic OA[8-10]. Hart et al. 

found a significant association between moderately elevated serum cholesterol and Osteoarthritis of 

the knee in a questionnaire survey of OA risk factors in 1330 women aged forty-five to sixty-four 

years [8]. In a cross-sectional study of 809 patients with OA-related arthroplasty, Sturmer et al. 

found that patients with hypercholesterolemia were independently associated with systemic OA[9]. 

OA also demonstrated in a literature study of 446 patients that there was a significant direct 

association between hand OA and elevated cholesterol[10]. This association is further supported by 

data from longitudinal studies, which found in a cohort study of healthy Australian women that the 
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odds of bone marrow damage increased by 1.84 (95% CI: 1.01, 3.36) with each one mmol/L 

increase in total Cholesterol, P= 0.048[11]. In conclusion, there is an epidemiological association 

between cholesterol levels and OA. 

3. Cholesterol Accumulates in Osteoarthritic Cartilage 

Normal chondrocytes prevent intracellular cholesterol accumulation through an exocytotic 

system[12]. However, in osteoarthritic chondrocytes, this metabolic function is dysfunctional[13]. 

Prasad et al. showed that hypercholesterolemia increases the amino acid formation and production 

of pro-inflammatory arachidonic acids, which promote prostaglandin and leukotriene synthesis. 

Oxygen free radicals are generated during synthesizing these arachidonic acids, and the increased 

levels of oxygen free radicals eventually lead to chondrocyte damage[14].In a study related to 

mobility and chemical components in healthy individuals and OA cartilage, Cillero et al. found the 

presence of lipid-rich droplets in OA cartilage that accumulate only in the surface areas of OA 

cartilage, demonstrating that lipid metabolism The importance of altered lipid metabolism in OA 

pathology was demonstrated by Arai et al. who showed that elevated cholesterol levels in OA 

chondrocytes lead to reduced membrane fluidity, resulting in a blocked signaling cascade for gene 

expression related to bone formation[15]. Kostopoulou et al. found that in conducting studies on 

OA pathogenesis, OA pathology was associated with SRBP-2 (a gene that regulates the gene that 

regulates cholesterol synthesis and uptake) with a single nucleotide polymorphism. The study also 

noted that the gene and protein expression levels of SREBP-2 were significantly higher in 

chondrocytes of OA patients compared to normal subjects. In addition, the expression of HMGCR, 

the target gene of SREBP-2, was also associated with significantly higher expression in OA patients 

than in normal chondrocytes[16]. De Munter et al. found that LDL cholesterol also affects the 

development and progression of OA[17]. A progressive rise in LDL was found to cause synovial 

activation and promote bone formation in mice fed a high-fat diet for OA experiments[18]. 

Particular emphasis was placed on the possible involvement of oxidized LDL in synovial 

inflammation development and cartilage destruction[17]. Not coincidentally, Gierman et al. found 

in an experimental study in mice that a high-fat diet significantly increased cartilage damage while 

noting that the formation of this cartilage damage was independent of body weight and also that this 

experiment demonstrated that this cartilage damage could be alleviated by modulating cholesterol 

levels, suggesting the importance of cholesterol metabolism levels and osteoarthritic chondrocyte 

damage[19]. In a later study, the group also found a significant increase in spontaneous cartilage 

damage in mice fed high-cholesterol food in a hyperlipidemic and atherosclerotic mouse model[20]. 

These results demonstrate that Cholesterol accumulates in osteoarthritic cartilage, but the 

mechanisms behind it need more research to explain. 

4. Cholesterol Metabolism and Chondrocytes 

Articular cartilage is a 2-4 mm thick, highly differentiated tissue devoid of blood vessels and 

nerves, whose structural and mechanical properties consist mainly of a dense extracellular matrix 

whose main component is chondrocytes[21]. Articular cartilage depends on chondrocytes to form 

and repair itself, and the adequacy of chondrocytes plays a vital role in the effective treatment and 

tissue regeneration of OA[22]. Cholesterol plays an irreplaceable role as a component of the cell 

membrane, producing bile acids and steroid hormones that are essential regulators of cellular 

processes[23]. Cholesterol regulates various cellular processes, including membrane transport and 

transmembrane signaling. Cholesterol in cell membranes can create a semi-permeable barrier 

between cellular compartments and control biophysical properties such as membrane fluidity, 

bending, and permeability[24-27]. In osteoarthritic chondrocytes, synovial fluid, and chondrocytes 
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store fat and Cholesterol, and excessive cholesterol levels lead to changes in the orientation of cell 

membrane lipids and changes in the biophysical properties of the membrane[28, 29]. Excessive 

accumulation of Cholesterol in the cell membrane of chondrocytes leads to the degradation of TGF-

β receptors[30, 31]. In addition, changes in cell membrane fluidity regulated by cholesterol levels 

alter the local adhesion of cells[32]. A study by Arai et al. found that taurodeoxycholic acid could 

restore the chondrogenic properties of degenerated chondrocytes by indirectly elevating membrane 

fluidity values through increased intracellular cholesterol values[15]. The results of Wan et al. 

showed that OA is an in vivo metabolic disorder and that increased cholesterol levels in OA 

chondrocytes are due to increased Cholesterol. Increased cholesterol levels in OA chondrocytes due 

to increased cholesterol uptake, increased cholesterol hydroxylases (CH25H and CYP7B1) levels, 

and a corresponding increase in oxysterol metabolite production[33]. He found that Vaspin 

inhibited cholesterol efflux from chondrocytes via the miR155/LXRα axis, ultimately leading to the 

accumulation of fat and the formation of arthritis[34]. In summary, Cholesterol is an essential 

component of chondrocytes, and cholesterol accumulation within chondrocytes ultimately leads to 

the development of Osteoarthritis, and regulating cholesterol metabolism within chondrocytes may 

eliminate the related symptoms of Osteoarthritis. 

5. Cholesterol Levels and Oxidative Stress 

Overproduced reactive oxygen species (ROS) in chondrocytes can induce stress, and extreme 

levels of ROS reduce the ability of cellular antioxidant defense systems to scavenge, thus causing 

oxidative stress and cellular damage, ultimately resulting in the formation of OA[35-37]. Reactive 

oxygen species are free radicals containing oxygen molecules, so reactive oxygen species have 

volatile chemical properties and are prone to react with different organisms[38]. In OA 

chondrocytes, Oxidative stress plays an essential role in the pathogenesis of Osteoarthritis and is 

corroborated by increased reactive oxygen species production, reduced levels of antioxidant 

enzymes, and lipid peroxidation products in synovial fluid[39]. High levels of reactive oxygen 

species prevent extracellular matrix synthesis, and cell migration, reduce growth factor 

bioavailability, and activate matrix metalloproteinases to promote cartilage destruction and induce 

chondrocyte death[40]. Li et al. found that Cholesterol induces tendinopathy through the NF-κB 

signaling pathway activated by reactive oxygen species[42]. Zhang et al. found that high TG, 

TCHO, and SFA levels induce oxidative stress[42-44]. A study by Wang et al. found that 

salvianolic acid A effectively reduced severe oxidative stress caused by NAFLD by regulating 

hepatic pro-inflammatory cytokines and lipid reduction[45]. 

6. Treatment 

Regulation of cholesterol levels may be one way to treat OA,  the current state of research on the 

involvement of Cholesterol in the pathogenesis of OA may provide new clues for the treatment of 

Osteoarthritis. No drug has been found to improve the structural progression of OA significantly. 

Although cytokine-targeted therapy is an effective treatment for rheumatoid arthritis, anti-IL-1β[46, 

47] and anti-tumor necrosis factor[48, 49] have not shown convincing therapeutic effects. Therefore, 

the current therapies are mainly anti-inflammatory and analgesic[50]. Statins reduce the systemic 

levels of LDL by decreasing cholesterol biosynthesis. Thus, we can try to use lipid-lowering drugs 

to alleviate the related symptoms of OA. in research, Gierman et al. found that statins shed the 

degree of symptoms of cholesterol-induced OA[20]. Statins reduce the development of 

atherosclerosis by modulating oxidized LDL-mediated pathology[51, 52], and it is theorized that 

statins play a role in Osteoarthritis. Interestingly, another study showed that statin simvastatin did 

not affect cartilage destruction in a spontaneous OA model in SRT/Ort mice[53]. Statins effectively 
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degrade cartilage in OA animal models in some animal studies[54, 55]; however, there are no 

definitive statin findings for OA[56]. A prospective population-based cohort study in the 

Netherlands[57] and two studies in the United Kingdom[58,59] showed active influences of statins. 

In comparison, two studies in the United States did not show positive effects[60, 61]. 

7. Conclusion 

In conclusion, the current study suggests a compelling link between cholesterol metabolism and 

OA and that dysregulated cholesterol metabolism may contribute to one of the essential pathologies 

of OA. Further understanding of OA progression and cholesterol metabolism and how to intervene 

aggressively during this period may lead to new therapeutic strategies for patients with OA. 
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