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Bridging the gap: Exploring the intercurrent relationship 

between knee osteoarthritis and cerebral small vessel disease 
 

Abstract  

Knee osteoarthritis (KOA) and cerebral small vessel disease (CSVD) are two prevalent 

and debilitating conditions that have traditionally been studied within distinct medical 

disciplines – rheumatology and neurology, respectively. However, emerging evidence 

suggests a deeper connection between these seemingly disparate diseases, transcending 

conventional boundaries and prompting a paradigm shift in our understanding of their 

pathophysiology and clinical implications. This narrative review explores the 

multifaceted crosstalk between KOA and CSVD, delving into shared risk factors, 

inflammatory cascades, and vascular mechanisms underpinning their co-occurrence. 

Beyond conventional etiological factors, we illuminate the role of systemic 

inflammation, aberrant biomechanics, and neuro-gliovascular interactions in shaping 

the complex interplay between KOA and CSVD. Furthermore, we scrutinize the 

bidirectional impact of these conditions on cognitive function, emphasizing the shared 

burden of neurocognitive impairment in affected individuals. Through a synthesis of 

cutting-edge research and theoretical frameworks, we propose a novel conceptual model 

that integrates musculoskeletal and cerebrovascular pathways, shedding light on 

previously unexplored avenues for therapeutic intervention and personalized 

management strategies. This comprehensive analysis not only advances our 

understanding of the interconnected nature of KOA and CSVD but also underscores the 

imperative for interdisciplinary collaboration and holistic approaches to patient care in 

the era of precision medicine.  

Keywords: Knee osteoarthritis, Cerebral small vessel disease, Mechanistic crosstalk, 

Risk factors, Microvascular dysfunction. 
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Knee osteoarthritis (KOA) and cerebral small vessel disease (CSVD) have long 

been considered independent entities in medicine, each falling within the purview of a 

different speciality rheumatology and neurology, respectively. However, as our 

awareness of these situations grows, compelling evidence emerges, crossing 

disciplinary borders and challenging traditional thinking. Emerging evidence reveals a 

fundamental link between KOA and CSVD, revealing a complex web of similar 

pathophysiological mechanisms and clinical implications that require our attention and 

investigation (1, 2). Conventionally, osteoarthritis (OA) i.e., KOA and CSVD, were 

thought to be musculoskeletal and cerebrovascular system illnesses, however, they are 

now regarded as nodes in a network of linked processes (3). Hence, this narrative review 

seeks to explain the complex interplay between these seemingly distinct illnesses, 

providing a thorough examination of their common risk factors, inflammatory cascades, 

and vascular complexities. As we dive deeper, it becomes clear that the junction of KOA 

and CSVD is more than just a coincidence, indicating a convergence of pathogenic 

pathways that influence their co-occurrence and clinical outcomes (2, 4). At the centre 

of this narrative review, is a confluence of cutting-edge research and theoretical 

frameworks, which may shed new light on the etiological landscape of KOA and CSVD.  

https://caspjim.com/article-1-4418-en.html
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While classic etiological factors have long been 

investigated (1) , our focus goes beyond the apparent, giving 

light to the critical role of systemic inflammation, abnormal 

biomechanics, and complex neuro-gliovascular 

connections. By combining these varied perspectives, we 

can gain a better understanding of the intricate interplay 

between KOA and CSVD, paving the way for novel 

therapeutic methods and tailored management techniques. 

Furthermore, as we move through this terrain, it becomes 

clear that KOA and CSVD do not exist in isolation. Rather, 

they have a bidirectional influence on one another, having 

ramifications that go beyond the boundaries of their 

respective areas. Our review will focus on the influence of 

these disorders on cognitive performance, emphasizing the 

shared burden of neurocognitive impairment among 

affected individuals (5). This realization emphasizes the 

importance of a comprehensive strategy for patient care one 

that acknowledges the linked nature of KOA and CSVD and 

encourages interdisciplinary teamwork in the quest for 

optimal results. Therefore, in this narrative review, we seek 

to not only solve the mystery of KOA and CSVD but also 

to advocate for a paradigm shift in our approach to these 

disorders. We hope to increase our understanding of the 

interconnectedness of musculoskeletal and cerebrovascular 

pathways by integrating diverse strands of information and 

envisioning a unique paradigm that unifies them, paving the 

door for more successful therapeutic options. As we 

approach a new era in medicine, marked by the promise of 

precision and customized care, the insights gained from this 

narrative review serve as a siren cry for interdisciplinary 

collaboration and a reworking of traditional paradigms. 

KOA: Definition, Risk factors, and classification 

Osteoarthritis (OA) is the most common chronic 

inflammatory joint disease, which causes chronic diseases 

and disabilities because of pathological changes such as 

synovial inflammation, cartilage degradation, subchondral 

bone modifications, and musculoskeletal disability (6). 

Although OA can affect numerous joints, including the 

shoulder, elbow, wrist, spine, hip, knee, and ankle, the knee 

joint is one of the most prevalent and vulnerable (7). OA, 

particularly KOA, is a significant health concern, impacting 

millions globally (8). Whereby it is characterized by 

progressive joint degeneration that affects the cartilage in 

the knee. Cartilage is a smooth elastic tissue that cushions 

the bones where they meet in the joint. In KOA, this 

cartilage wears down over time leading to pain, stiffness, 

and functional limitations. Currently, there are two main 

types of KOA i.e., primary, and secondary. Primary KOA 

refers to joint degeneration that occurs without a known 

cause, whereas secondary KOA develops due to abnormal 

forces on the joint, like those from past injuries, or because 

of an unhealthy cartilage structure, as seen in rheumatoid 

arthritis. Established risk factors that contribute to the 

development of KOA, include ageing, obesity, or body 

mass index (BMI) status, female gender, high physical job 

demands, and previous injury (9–11). However, age is the 

biggest risk factor, as we get older, cartilage naturally 

breaks down. Besides, cartilage damage is accelerated due 

to being overweight or obese which puts pressure on the 

knee joint. Gender-wise, women are generally more 

affected by KOA than men (12) which can lead to functional 

limitations and decreased health-related quality of life (13). 

Additionally, occupations that put a lot of stress on the knee 

can increase the risk of KOA. However, inactivity is also a 

risk factor because the cartilage needs less stress to stay 

healthy. A knee injury, such as a torn anterior cruciate 

ligament or torn meniscus, can increase the risk of 

developing KOA later in life (14).  

Although not all individuals with these risk factors will 

always develop KOA, reducing the probability of this 

condition includes keeping a healthy weight, exercising to 

strengthen muscles that support the knee, and avoiding 

activities that put strain on the knee. Moreover, vitamin D 

deficiency has been linked to KOA, indicating that low 

serum levels of vitamin D may serve as a risk factor for the 

progression of KOA (15).  

The diagnosis of KOA needs to be confirmed based on 

clinical and/or radiological features. Whereby, plain 

radiography is still the gold standard for diagnosing KOA. 

Kellgren and Lawrence described the first formalized 

attempts to establish a radiographic classification scheme 

for OA in 1957 (16). The Kellgren and Lawrence (KL) 

system is a common method of classifying the severity of 

OA using five grades from 0 to 4 (table 1). The 

classification was originally described using anterior-

posterior knee radiographs.  

Current epidemiology of KOA  

KOA is a common chronic condition that becomes more 

prevalent due to population ageing and an increase in related 

factors such as obesity. Its incidence is reported to vary 

across different geographical locations (18). KOA is 

common among the elderly in the United States, Europe, the 

Middle East, and Asia, with prevalence rates ranging from 

13-20 % (19), 9–17 %  (20), 22- 25 % (21), and 10- 38 % 

(22)  respectively. Due to a combination of risk factors, 

Southeast Asia such as Malaysia is also seeing an increase 

in the prevalence of OA. Obesity and age are two main 

factors that increase the risk of OA, and both are becoming 

more common in Malaysia. In 2019, the percentage of the 

Malaysian population aged ≥65 years was estimated at 6.7% 
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out of 32.6 million people; by 2040, that number is expected 

to rise to 14.5 % (23). Knee pain was reported by 33.2% of 

1212 study participants in a cross-sectional survey from the 

Malaysian Elders Longitudinal Research (MELoR) 

research (24). The prevalence of overweight and obesity in 

Malaysia was 30.4 % and 19.7 %, respectively, according 

to the 2019 Malaysian National Health and Morbidity 

Survey (25). Moreover, recent studies have shown that the 

frequency of KOA in Asian people ranges from 13.1-71.1% 

in various Asian nations, where OA is mostly associated 

with risk factors such as obesity, female gender, and 

advanced age (26, 27).  

 

Table 1. Numerous variations of the Kellgren and Lawrence (KL) classification system described using anterior-

posterior knee radiographs (16, 17) 

Grade Figure Description 

Grade 0 (None) 

 

• Definite absence of X-ray changes of OA 

 

Grade 1 (Doubtful) 

 

• Doubtful joint space narrowing and 

possible osteophytic lipping 

 

Grade 2 (Minimal) 

 

• Definite osteophytes and possible joint 

space narrowing 

 

Grade 3 (Moderate) 

 

• Moderate multiple osteophytes, definite 

narrowing of joint space and some sclerosis, 

and possible deformity of bone ends 

 

Grade 4 (Severe) 

 

• Large osteophytes marked narrowing of 

joint space, severe sclerosis, and definite 

deformity of bone ends. 

 

 

Current knowledge of the pathomechanism of KOA 

KOA is a complex disorder characterized by articular 

cartilage degeneration, synovial inflammation, and 

underlying bone remodelling (28). Although traditionally 

viewed as "wear and tear", the understanding of the 

pathological mechanisms of KOA has advanced 

significantly (29). KOA can be initiated by a combination 

of mechanical and biological factors. The abnormal joint 

loading due to age, obesity, misalignment (e.g. varus or 

valgus knee), or past injury can put pressure or stress on the 

https://radiopaedia.org/articles/osteophyte-2?lang=us
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cartilage, potentially triggering its degeneration (30). Low-

grade synovial inflammation is now recognized as a 

hallmark of KOA (31). Pro-inflammatory mediators such as 

cytokines and chemokines are released, actively 

contributing to cartilage damage and pain sensation (32). 

This understanding has led to the exploration of anti-

inflammatory drugs as a potential therapeutic approach for 

the management of KOA. It is important to distinguish this 

from an acute event that occurs after injury, as KOA injuries 

are chronic and low-grade processes. Moreover, the 

involvement of the subchondral bone below the cartilage 

plays an important role in KOA. Microfractures, increased 

bone density, and altered blood flow in this region can cause 

pain and further cartilage degeneration (33). The overall 

health of the joint environment is very crucial. The synovial 

fluid, ligaments, and meniscus all work together to maintain 

joint stability and lubrication. Meniscus and ligaments can 

become damaged due to mechanical stress or instability, 

leading to abnormal joint mechanics and accelerated 

cartilage wear. Dysfunction in any of these tissues can 

contribute to the development and progression of KOA 

(34). There is significant individual variability in how KOA 

develops. Genetic predisposition, metabolic factors, and 

even the composition of the gut microbiome can influence 

the causes of this disease (35–37). Therefore, KOA is a 

multifaceted disease with a complex interplay between 

mechanical stress, inflammation, and even biological 

processes (figure 1). Although important steps have been 

made in understanding its pathomechanisms, further studies 

are needed to develop more targeted and effective 

treatments.  

Cerebral small vessel disease (CSVD) 

CSVD is responsible for approximately 25% of ischemic 

strokes, most intracerebral hemorrhage in individuals over 

the age of 65, as well as the primary cause of vascular 

dementia and Alzheimer's disease (38, 39). Recent study 

also has linked CSVD with vascular Parkinsonism (40). 

Additionally, it is linked to issues with mobility, gait, 

neurocognitive functions, and mood disorders (39). The 

pathophysiological foundation of CSVD encompasses 

alterations in the structure and function of the 

microvasculature within the deep subcortical regions. These 

alterations primarily affect arteries, including tributaries of 

the middle cerebral artery, and arterioles, resulting in 

phenomena such as fibrinolysis, lipohyalinosis, necrosis, 

and microthrombosis leading to cerebral white matter 

disease and brain infarcts (41, 42). Various etiopathogenic 

classifications exist for CSVD. Nevertheless, the most 

widely acknowledged categories of CSVD include 

amyloidal CSVD (e.g., sporadic, and hereditary cerebral 

amyloid angiopathy) and non-amyloidal CSVD, which 

encompasses age-related and small vessel disease related to 

vascular risk factors (such as arteriolosclerosis and ageing) 

(38). Meanwhile, the less prevalent categories of CSVD 

encompass inherited or genetic (monogenic) CSVD, which 

exhibits distinct characteristics separate from cerebral 

amyloid angiopathy for example, Fabry's disease and 

cerebral autosomal dominant arteriopathy with subcortical 

ischemic strokes and leukoencephalopathy (CADASIL), as 

well as inflammatory and immunologically-mediated 

CSVD, venous collagenases, and other forms of CSVD, 

including non-amyloid micro-vessel degeneration in 

Alzheimer disease and post-radiation angiopathy (43). 

Various pathomechanism and molecular cascades have 

been proposed for the onset and progression of CSVD, and 

most of them are intercurrent in the majority if not all 

categories of CSVD.  

Risk factors and current epidemiology  

White matter disease in CSVD is more common with 

ageing, i.e., rising from 5% at age 50 to over 100% at age 

90 (44). Moreover, a 1999 study found that Black 

Americans had a greater incidence of lacunar infarcts; 

however, this finding has not been replicated (45). 

Alarmingly, it is reported that, for every symptomatic 

stroke, there are approximately ten silent (asymptomatic) 

brain infarctions (46). The incidence of silent cerebral 

ischemia ranges from 8 to 31% and rises with age (41). On 

the other hand, in individuals with silent cerebral 

infarctions, the risk of future symptomatic stroke increases 

threefold, regardless of other risk factors (47). Cerebral 

microbleeds (CMBs) are similarly substantially related to 

increasing age, with varying prevalence rates ranging from 

4.7 to 24.4%, primarily due to disparities in the sensitivity 

of imaging modalities and CMB classifications (47). 

According to a systematic review and meta-analysis, the 

incidence of intracerebral hemorrhage (ICH) in people born 

between 1980 and 2008 was estimated to be 24.6 in White 

people, 22.9 in Black people, 19.6 in Hispanic people, and 

51.8 in Asian people per 100,000 people (48). At one 

month, case fatality was almost 40%; this result remained 

relatively constant throughout the twenty-eight-year 

assessment. The relative risk for spontaneous ICH doubles 

with every ten years increase in age, making age one of the 

main risk factors (49). Given that men are regularly found 

to have a higher risk of ICH than women, gender is another 

important risk factor for ICH. There is a large overlap 

between the modifiable risk factors for ischemic stroke and 

ICH resulting from CSVD. Modifying these risk factors is 

more effective in lowering the risk of ICH than it is for other 

ICH etiologies, such as cerebral amyloid angiopathy (50). 
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Figure 1. Pathophysiology of knee osteoarthritis (KOA). Comparison between a normal and diseased joint. Healthy 

articular cartilage (Left): Chondrocytes can survive in a hypoxic environment due to the absence of capillaries in 

cartilage. The survival and function of chondrocytes depend on hypoxia. To maintain cartilage homeostasis, cartilage's 

primary job is the absorption and removal of mechanical load. Osteoarthritis articular cartilage (right): The formation 

of arteries, also known as vascular channels, is thought to help the cartilage and bone communicate biochemically (e.g., 

by producing cytokines, chemokines, and alarmins). It starts a destructive cycle of cartilage deterioration. (DAMPs) 

damage-associated molecular pattern molecules; ECM, extracellular matrix.  

 

Additionally, the risk factor most traditionally linked to 

CSVD is hypertension. However, other common vascular 

risk factors, such as diabetes mellitus, high cholesterol, and 

tobacco use, probably also play a role. However, in recent 

decades, there has been a drop in CSVD among populations 

along with advancements in vascular risk factor control 

(51). Additionally, roughly 20% of CSVD cases are thought 

to be caused by genetic or hereditary risk factors (52). 

Moreover, vascular cognitive impairment and dementia can 

result from the burden of CSVD when modifiable risk 

factors are left unchecked and cause chronic vascular brain 

injury. Finally, frequent cardio-cerebrovascular risk factors 

for sporadic CSVD, including ageing, type 2 diabetes 

(T2DM), hypertension, smoking, and dyslipidaemia, 

elevate the risk of pathological alterations in arteries and 

arterioles, potentially resulting in vessel blockage, which in 

turn leads to the development of arteriosclerosis and 

arteriolosclerosis (42), hence CSVD. To date, dementia 

resulting from CSVD, commonly known as "vascular 

dementia," is more common with ageing and accounts for 

15% to 20% of all dementia (53). After Alzheimer's disease, 

vascular dementia is the second most frequent cause of 

dementia. Although the incidence of vascular dementia is 

not directly influenced by race or ethnicity, racial 

differences in cardiovascular and cerebrovascular risk 

factors have been shown to exist (54) . In a cohort study that 

sought to trace an association between the prevalence of 

vascular risk factors in midlife and the incidence of 

dementia 25 years later  (55), the prevalence of hypertension 

(56% versus 27%) and T2DM (18% versus 7%) was found 

to be twice as high among Black individuals compared to 

White individuals. Risk factors linked to dementia include 

Black race, older age, low educational attainment, APOE ε4 

genotype, midlife smoking, diabetes, prehypertension, and 

hypertension (55). Therefore, the strength of the connection 

between CSVD risk factor presence and dementia incidence 

was equal across ethnic groups, indicating that the 

frequency of modifiable risk factors may have a greater 

influence on incident CSVD-mediated dementia than race. 

Neuroimaging manifestation of CSVD 

CSVD is a condition that becomes increasingly prevalent 

with age and is frequently encountered as an incidental 

discovery during neuroimaging. This condition is 

frequently underestimated by healthcare professionals 

because of its covert (silent) nature, as it often presents 

without symptoms. Current neuroimaging indicators (or 

manifestation) of CSVD based on Standards for Reporting 

Vascular Changes on Neuroimaging 2 (STRIVE-2) have 

encompassed recent small subcortical infarcts, white matter 

hyperintensities (WMHs) of presumed vascular origin, 

lacune infarcts (of presumed vascular origin), enlarged 

perivascular spaces (ePVS), cerebral microbleed, cortical 

superficial siderosis, brain atrophy, and cortical cerebral 

microinfarct (56) (table 2).  
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Table 2. Neuroimaging (i.e., magnetic resonance imaging, MRI) manifestations for cerebral small vessel disease based 

on Standards for Reporting Vascular Changes on Neuroimaging 2 (STRIVE-2) (56) 

Manifestation MRI Description 

Recent small 

subcortical infarct 

 • Typical diameter: ≤ 20 mm 

• Increased signal intensity on DWI, FLAIR, and T2-

weighted images. 

• Decrease signal intensity on T1-weighted image. 

• Iso-intense on T2*-weighted image. 

• Best seen on DWI. 

Enlarged 

Perivascular Space 

(EPVS) 

 • Typical diameter: ≤ 2 mm 

• Iso-intense on DWI, and T2*-weighted image. 

Sometimes iso-intense is seen in FLAIR. 

• Increase signal intensity on T2-weighted image. 

• Decrease signal intensity on T1-weighted, 

sometimes in FLAIR. 

• Best seen on T2-weighted image. 

Lacune 

 
• Typical diameter: 3 – 15 mm 

• Iso-intense on DWI and T2*-weighted image. 

• Decrease intensity on FLAIR and T1-weighted 

image, sometimes on DWI. 

• Increase intensity on T2-weighted image. 

• Best seen on FLAIR 

White matter 

hyperintensity 

(WMHs) 

 • Typical diameter: variable 

• Iso-intense on DWI and T1-weighted image. 

• Decrease intensity on T1-weighted image. 

• Increase intensity on FLAIR, T2-weighted and 

T2*-weighted image. 

• Best seen on FLAIR 

 

Cerebral 

microbleed (CMBs) 

 
• Typical diameter: ≤ 10 mm 

• Iso-intense on DWI, FLAIR, T2- and T1-weighted 

image. 

• Decrease intensity on T2*-weighted image. 

• Best seen on T2*-weighted image and SWI. 

Cortical superficial 

siderosis 

 • Typical diameter: variable 

• Iso-intense on DWI, FLAIR, T2- and T1-weighted 

image. 

• Decrease intensity on T2*-weighted image. 

• Best seen on T2*-weighted image and SWI. 

 

Cortical cerebral 

microinfarcts 

 

• Typical diameter: < 4 mm 

• Iso-intense on DWI and T2*-weighted image. 

• Increase intensity on FLAIR, T2-weighted image. 

• Decrease intensity on T1-weighted image, 

sometimes on FLAIR (referred to as acute) 

• Best seen on T1- and T2-weighted images. 
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Recent knowledge of pathomechanism of CSVD 

Although there has been an increasing understanding 

gained from histopathological, epidemiological, 

physiological, and neuroimaging research, the exact 

underlying mechanisms of CSVD still require further 

investigation. In general, it is widely recognized that the 

pathomechanism of cerebrovascular disease linked to 

hypertensive alterations in the vasculature leads to the 

formation of arteriosclerosis or lipohyalinosis (thickening 

and/or damage to the walls of arterioles), fibrohyalinosis, 

and the subsequent blockage of cerebral penetrating arteries 

(47). These pathologies are believed to relate to the CSVD 

manifestation and the increased growth of connective tissue 

fibres. This, in turn, leads to a decline in vascular 

contractility before advancing into vascular and/or 

microvascular sclerosis. Apart from that, pathological 

alterations associated with CSVD may occur when a small 

cerebral vessel becomes blocked due to age-related 

arteriolar contortion, venous collagenases, demyelination, 

and glial cell loss (57). These changes can be exacerbated 

by inflammaging, a concept that has been introduced 

recently to characterize age-related, persistent, low-grade 

inflammation that arises because of extended immune 

system activity (58). These enduring effects encompass a 

range of molecular and cellular mechanisms, including 

dysfunction in mitochondria, imbalance in gut microbiota, 

meta-inflammation, immunosenescence, and cellular 

senescence. Therefore, it can be argued that inflammaging 

may potentially encompass various other factors tied to 

DNA repair, the release of pro-inflammatory cytokines, and 

stem cell senescence (58). Regarding cerebral blood flow, a 

recent study utilizing arterial spin labelling-based imaging 

has made it possible to establish a correlation between 

cerebral blood flow values and the extent of CSVD 

manifestations such as WMHs. This correlation can 

potentially serve as a biomarker for assessing vascular 

cognitive impairment in cases of CSVD (59).  

Additionally, the breakdown of the blood-brain barrier 

(BBB) can be exacerbated by an accompanying 

hypercoagulation i.e., an increase in the deposition of blood 

components, notably platelets, whose activation also plays 

a role in the formation of microthrombi associated with 

arteriosclerosis and/or arteriolosclerosis (60). Furthermore, 

upon receiving an inflammatory signal, damaged 

endothelial cells release von Willebrand factors (vWF), 

thereby enhancing the platelets' ability to activate and 

adhere to vWF. Activated platelets also increase the 

production of soluble vasoconstrictive compounds like 

thromboxane A2 or B2 and adenosine diphosphate. This 

synthesis occurs after platelet binding to plasma fibrinogen 

(61). These substances trigger platelet activation and the 

aggregation of platelets and monocytes. Thus, these events 

have been employed as indicators for the initiation and 

progression of arteriosclerosis and/or arteriolosclerosis, 

contributing to the formation of microthrombi, which in 

turn lead to the manifestation of CSVD (61). These 

pathophysiological reactions result in additional insult to 

the cerebral tissue, leading to various issues such as axonal 

injury, neuronal apoptosis, demyelination, and damage to 

oligodendrocytes. This damage gives rise to clinical 

symptoms and a range of complex neuroimaging 

manifestations, including silent or occult CSVD (62). 

However, it is worth noting that a significant portion of 

current therapeutic understandings appears to be derived 

from the pathomechanisms of sporadic CSVD. These 

mechanisms involve molecular and cellular outcomes 

related to several systemic dysregulations, including 

coagulopathy, heightened microthrombosis, increased 

cellular activation, inflammation, and oxidative stress. 

Some or all of these processes can lead to microstructural 

changes in cerebral parenchyma, which are well-known 

characteristics of CSVD. These changes encompass 

endothelial dysfunction, alterations in cerebral blood flow, 

and the impairment of the BBB (62). 

KOA and CSVD – Emerging links and risk factors 

Interesting similarities can be seen from two different 

conditions which are anatomically location distance away: 

CSVD in the brain and KOA in the knee. As discussed 

CSVD is a spectrum affecting the small vessels of the brain 

cerebrum which is commonly associated with multi-factors 

such as ageing, hypertension, T2DM, obesity, smoking and 

inflammatory processes.  On the other hand, KOA is an 

alteration of joint tissue anatomy and physiologically which 

includes degradation of the cartilage of the joint and 

osteophyte formation (63). Both KOA and CSVD share 

several common shared risk factors (figure 2) as mentioned 

above and contribute to the development and progression of 

both conditions.  

 

 

 

 

 

 

 

 

 

Figure 2. Shared Risk Factors between knee 

osteoarthritis (KOA) and cerebral small vessel disease 

(CSVD). T2DM, type 2 diabetes mellitus 
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Ageing 

In addition to diagnosis, neuroimaging parameters are 

critical for monitoring the progression of CSVD over time. 

They not only aid in assessing disease advancement but also 

help evaluate the effectiveness of treatment and the 

potential for preventing further deterioration. Age is a 

significant factor influencing CSVD, particularly its impact 

on the brain. A study in adults over 60 years old (mean age 

71.2 years) with a follow-up of 3 to 6 years demonstrated 

that men in the middle-to-older age group experienced 

faster progression of CSVD, as evidenced by increased 

WMHs and reduced grey matter and ventricular volumes 

(64). Additional risk factors, such as smoking and alcohol 

consumption, may also contribute to the rapid progression 

observed in men, though these require further investigation. 

The deterioration in CSVD can significantly worsen the 

patient's condition, potentially leading to mortality. A 5-

year follow-up study of patients over 50 found an 8.4% 

mortality rate in those with advanced, untreated CSVD (65), 

with neuron degeneration and circulatory disorders like 

hemorrhagic stroke likely contributing to these outcomes. 

The accelerated progression of CSVD in older adults may 

also be linked to neurodegenerative processes, such as brain 

atrophy (64). Similarly, ageing plays a crucial role in the 

progression of KOA. Lysosomal dysfunction and 

mitochondrial degradation are primary drivers of age-

related cartilage damage, which leads to joint degeneration. 

Although cartilage and neurons originate from different 

tissue types, both are highly susceptible to age-related 

cellular damage, including oxidative stress and impaired 

autophagy (66).  

This common vulnerability opens the door to further 

exploration of how cellular mechanisms, like mitochondrial 

dysfunction, affect both KOA and CSVD. Ageing thus 

plays a central role in both KOA and CSVD, driving 

degenerative changes in distinct but interconnected tissues, 

cartilage in KOA and small cerebral vessels in CSVD. 

Neuroimaging is essential for tracking CSVD progression, 

particularly as WMHs and grey matter atrophy become 

more pronounced in older adults. Similarly, KOA 

progression is marked by cartilage deterioration due to 

lysosomal and mitochondrial dysfunction. Although these 

tissues are histologically different, both conditions share 

similar age-related processes, such as oxidative stress and 

autophagy impairment, which exacerbate degeneration. 

This shared vulnerability to ageing suggests a common 

pathway in both conditions, with mitochondrial dysfunction 

emerging as a key contributor. Future research is needed to 

identify the specific enzymes and inflammatory mediators 

that drive these degenerative processes, offering potential 

therapeutic targets to slow the progression of both KOA and 

CSVD. 

Hypertension and type 2 diabetes mellitus (T2DM) 

Diabetes mellitus is primarily a disorder related to 

pancreatic dysfunction and glucose regulation, while 

hypertension affects the cardiovascular system, specifically 

the heart and blood vessels. Although these conditions have 

distinct pathological pathways, they frequently coexist in 

patients. Research has found that primary hypertension, 

which has no identifiable cause, is more strongly associated 

with CSVD than secondary hypertension, which is typically 

linked to other organ dysfunctions, such as the kidneys (58, 

67). This suggests that primary hypertension may share a 

common underlying etiology with CSVD, whereas 

secondary hypertension may follow a different pathological 

mechanism concerning CSVD. 

Exploring the root causes of primary hypertension could 

therefore provide valuable insights into the origins of 

CSVD. The pathogenesis of hypertension-related 

circulatory disorders is closely tied to vascular damage, 

particularly the disruption of the inner lining of blood 

vessels. This endothelial damage, which contributes to 

CSVD, may lead to the breakdown of the BBB (58). 

Interestingly, a similar mechanism might be at play in KOA. 

Studies suggest a stronger correlation between hypertension 

and radiographic KOA, likely due to reduced blood flow to 

the bones, which mirrors the vascular dysfunction seen in 

CSVD (68, 69). This suggests impaired circulation could be 

a common factor linking CSVD and KOA. Another 

significant factor to consider is T2DM, which is believed to 

influence KOA through abnormal cellular metabolism and 

insulin resistance (69). Additionally, research shows that 

hemoglobin A1C (HbA1c) levels, a marker of long-term 

glucose regulation, are significantly elevated in CSVD 

patients (mean 5.99%), with 22% of CSVD patients 

showing elevated fasting blood glucose levels compared to 

12% of those without CSVD (70). This further highlights 

the intersection of metabolic and vascular disorders in both 

conditions. In conclusion, while diabetes mellitus and 

hypertension follow different pathophysiological pathways, 

they often coexist in patients and contribute to both CSVD 

and KOA. Primary hypertension, in particular, has a notable 

correlation with CSVD, suggesting a shared etiology. The 

vascular damage caused by hypertension, including 

endothelial dysfunction and BBB disruption, may have 

parallels in the development of KOA. Additionally, the 

influence of T2DM and elevated HbA1c levels in CSVD 

patients underscores the connection between metabolic and 

vascular disorders, presenting avenues for further research 

into shared mechanisms driving these conditions. 
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Obesity and smoking 

Obesity is strongly associated with lipid profile 

disorders, which contribute to numerous health problems, 

including cardiovascular disease. According to the World 

Health Organization (WHO), one in eight people worldwide 

suffered from obesity in 2022. Since 1990, the global rate 

of adult obesity has more than doubled, while teenage 

obesity has quadrupled. In 2022, 2.5 billion adults (aged 18 

and above) were overweight, with 890 million classified as 

obese. Of all adults, 16% were obese, and 43% of 

overweight individuals. Additionally, 37 million children 

under the age of five and 390 million children and teenagers 

(aged 5 to 19) were overweight, with 160 million of them 

considered obese (71). Obesity in the modern world is 

closely linked to abnormal BMI and poor glucose 

management, such as in diabetes mellitus. A study of 

Chinese patients over the age of 45 found that those with 

CSVD had higher low-density lipoprotein levels and BMI 

(26.82 kg/m²) than those without CSVD (70). The 

pathogenesis of CSVD related to lipids may involve the 

penetration of lipid molecules into the arterial walls, 

contributing to vascular damage (70).  

Obesity also has a direct impact on the knees due to 

increased weight-bearing activity, which can accelerate the 

development of KOA. Approximately 79.6% of stage II/III 

obese patients undergo treatment for KOA-related pain, 

compared to a much lower rate in non-obese patients (72). 

This suggests that circulatory disturbances due to lipid 

disorders may contribute similarly to both KOA and CSVD. 

Additionally, smoking remains a global issue, with 

substantial research linking it to the development of CSVD 

(73–75). Smokers have a 2.089 times higher incidence of 

KOA compared to non-smokers (76). Smoking behaviour is 

typically categorized into two groups: current smokers, who 

tend to have lower BMI, and those who have quit smoking, 

who often experience weight gain and a higher likelihood 

of developing KOA (76). Both CSVD and KOA have a 

significant association with smoking, highlighting the 

importance of addressing this risk factor in the management 

of both conditions. 

Inflammatory pathway 

The intricate interplay among various inflammatory 

mediators and cellular mechanisms characterizes the 

concurrent inflammatory pathways of CSVD and KOA, 

highlighting their significant interconnection. Inflammation 

is a crucial factor in the development of KOA, where pro-

inflammatory cytokines, including interleukins (IL)-1 and 

IL-6, as well as tumour necrosis factor-alpha (TNF-α), are 

released by chondrocytes, synoviocytes, and infiltrating 

immune cells in response to mechanical stress or joint injury 

(28). These cytokines drive the destruction of cartilage and 

extracellular matrix components in the joint, stimulating the 

production of matrix metalloproteinases and other catabolic 

enzymes. They also promote the expression of 

inflammatory mediators, such as nitric oxide (NO) and 

prostaglandins, which exacerbate pain and lead to further 

tissue damage. This inflammatory cascade perpetuates the 

cycle of osteophyte formation, synovitis, and cartilage 

degradation characteristic of osteoarthritis (28, 30, 32). 

Interestingly, the mechanisms of inflammation and tissue 

damage in KOA are mirrored in CSVD. Prolonged 

inflammation in the cerebral vasculature results in 

microvascular damage and vascular dysfunction, 

highlighting a shared pathological landscape. Key features 

of endothelial dysfunction, including increased expression 

of adhesion molecules and decreased NO production, 

trigger the recruitment and activation of inflammatory cells, 

such as macrophages and leukocytes (77, 78). These 

immune cells further exacerbate endothelial damage and 

promote atherosclerosis and arteriolosclerosis through the 

release of additional pro-inflammatory cytokines and 

reactive oxygen species (79).  

The resultant narrowing and stiffening of small cerebral 

vessels impair cerebral blood flow regulation and elevate 

the risk of microinfarcts, white matter lesions, and ischemic 

injury (80). Collectively, these factors contribute to 

cognitive decline and vascular dementia (81). Vitamin D 

deficiency has been implicated in both KOA and CSVD. 

Low serum levels of vitamin D are associated with 

increased inflammatory markers and may exacerbate joint 

pain and cartilage degeneration in KOA (15, 82). In CSVD, 

vitamin D deficiency is linked to endothelial dysfunction 

and an increased risk of vascular complications (83). 

Moreover, vitamin D is known to regulate the expression of 

several cytokines, including IL-10 (anti-inflammatory) and 

TNF-α (pro-inflammatory), suggesting that maintaining 

adequate vitamin D levels may mitigate some of the 

inflammatory processes common to both KOA and CSVD. 

Moreover, the relationship between KOA and CSVD is 

further underscored by their shared risk factors, such as 

obesity, diabetes, and hypertension, which exacerbate 

inflammation in both conditions. The systemic 

inflammation arising from KOA may potentially affect 

cerebral circulation, leading to the development or 

worsening of CSVD. Conversely, the vascular dysfunction 

associated with CSVD may impair blood flow to the knee 

joint, aggravating KOA symptoms. This interconnectedness 

emphasizes that the two conditions should not be viewed in 

isolation; rather, they are part of a broader spectrum of 

degenerative diseases that may impact patient outcomes. 
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Overall, the interactions among cytokines, inflammatory 

cells, and vascular dysfunction highlight the complex 

inflammatory pathways shared by both CSVD and KOA. 

This emphasizes inflammation as a major pathological 

factor in both conditions and points to potential targets for 

future therapeutic interventions aimed at restoring tissue 

homeostasis and modulating inflammatory signalling. 

Addressing these interconnected pathways may lead to 

improved management strategies for patients suffering from 

both KOA and CSVD. 

Shared imaging findings 

WMHs are frequently seen on brain MRI images in 

patients with CSVD and are a sign of demyelination and 

tiny vessel damage in the brain. A recent study using 

multimodal MRI has indicated KOA patients have brain 

structural and functional abnormalities i.e., reduced grey 

matter volume compared to healthy control (84). This was 

later supported by another research that indicated a possible 

connection between brain microvascular dysfunction and 

OA-related joint pathology by linking KOA to the higher 

prevalence and severity of WMHs (85). Hence, patients 

with CSVD and KOA who also have WMHs may have a 

common underlying vascular pathology that plays a role in 

the onset and course of their respective illnesses. 

Besides, lacunar infarcts i.e., a hallmark of CSVD, are 

tiny, deep brain lesions brought on by the blockage of tiny 

perforating arteries. According to previous study research, 

those with KOA had a higher frequency of lacunar infarcts 

than people without the condition (86). Although lacunar 

infarcts are mainly linked to CSVD, there is mounting 

evidence that supports the link to OA (87, 88) for example 

KOA. Hence, patients with KOA who also have lacunar 

infarcts may have similar risk factors or vascular anomalies 

that contribute to both disorders. Furthermore, small 

patches of hemosiderin deposition brought on by blood 

extravasation are known as CMBs, and they are frequently 

linked to CSVD. According to recent studies, there may 

have been a link between CMBs and KOA (87), especially 

in those with more advanced OA and extensive joint 

disease. Thus, CMBs observed in patients with both CSVD 

and KOA may indicate a possible involvement of vascular 

dysfunction and disruption of the BBB in the 

pathophysiology of these disorders. Moreover, although 

MRIs are the main diagnostic tool for KOA, alterations in 

bone and cartilage may also have effects outside of the joint. 

Studies have shown correlations between the severity of 

KOA, as measured by osteophyte production and cartilage 

degradation, and WMH volume or cognitive decline in the 

elderly, pointing to possible systemic implications of OA-

related joint pathology (89). Besides, multiple studies have 

linked KOA and brain structure and function, utilizing 

advanced MRI techniques such as diffusion tensor imaging 

and functional MRI (fMRI) (85, 90). These results may 

emphasize the need for additional research into the 

processes behind the correlation between structural 

alterations associated with KOA and findings from brain 

imaging. Therefore, the imaging similarities between 

CSVD and KOA point to a possible interaction between 

joint degeneration, neurocognitive outcomes, and vascular 

pathology. To clarify the exact mechanisms behind these 

relationships and their significance for therapeutic care, 

more research is required. 

Role of inflammaging in KOA and CSVD 

Another concept that may help explain the relationship 

between CSVD and KOA is inflammaging. Inflammaging 

is a concept where during the ageing process, there is a 

chronic, sterile, low-grade inflammation developed that is 

greatly involved in age-related diseases (91). It is a result of 

long-term chronic physiological stimulation of the innate 

immune system that can potentially cause damage during 

ageing. The ageing process has been shown to cause a 

constant increase in pro-inflammatory status based on 

innate and adaptive immune systems (92). Inflammaging at 

its initial stage is thought to be neither harmful nor 

beneficial, but it can be harmful if it progresses in a 

maladaptive manner. Inflammaging seems to be closely 

related to the metabolic inflammation that occurs in 

metabolic diseases. It also has been suggested that chronic 

diseases that are the result of ageing and inflammaging are 

also manifestations of accelerated ageing problems (91) . 

There is increasing evidence that inflammaging is a risk 

factor for CSVD (93). Its role in CSVD is through the 

ageing of the immune system and by increasing the harmful 

effects of other traditional cerebrovascular risk factors such 

as obesity, hypertension, and diabetes mellitus. There is a 

close relationship between inflammaging and age-related 

CSVD where vascular inflammation is related to deep 

perforator arteriopathy and systemic inflammation is related 

to cerebral amyloid angiopathy (64). Inflammaging and 

immunosenescence have a dynamic interaction that is 

related to cellular ageing and loss of BBB which leads to 

continuous activation of the immune system (94). 

Identifying therapeutic targets to mitigate the effect of 

immunosenescence has been suggested as a potential 

treatment for CSVD. 

Mechanical stress and inflammaging in KOA 

While OA is considered as a degenerative disease from 

mechanical events leading to wear and tear and eventually 

loss of cartilage, it also involves inflammation processes 

(95). The inflammation that occurs in osteoarthritis can be 



 

Caspian Journal of Internal Medicine 2025 (Autumn); 16(4): 599-620 

Knee osteoarthritis and cerebral small vessel disease                                                       609 

 

local such as synovitis and also systemic inflammation (96). 

For KOA, there is a correlation between local synovitis and 

systemic inflammation. In a study of inflammatory 

biomarkers, the levels of highly sensitive C-reactive protein 

(hs-CRP) obtained from knee synovial fluids (SF) are 

positively correlated with the ones obtained from the serum 

(97). Another study involving symptomatic KOA patients 

found that inflammatory plasma lipid biomarkers such as 

prostaglandin E2 and 15-hydroxyeicosatetraenoic acid to be 

significantly elevated in symptomatic KOA patients when 

compared to non-OA controls (98).  

The same study also suggested that peripheral blood 

leukocytes inflammatory transcriptome can help identify 

symptomatic KOA patients that are more likely to develop 

radiographic progression such as joint space narrowing. 

Low-grade systemic inflammation is present in KOA (95) 

and it has been suggested as one link between KOA and 

atherosclerosis (99).  Since OA is an age-related disease 

with the involvement of inflammation, it is acceptable to 

suggest that inflammaging plays a significant role in many 

aspects of the disease. OA is associated with low-grade 

systemic inflammation and local inflammation that involve 

innate and adaptive immune systems (100). One aspect that 

may suggest this is the health of the articular cartilage. 

Aging plays more role in the senescence of chondrocytes. 

Chondrosenescence is the age-dependent deterioration of 

chondrocytes because of replicative (intrinsic) and stress-

induced (extrinsic) factors (101). Pro-inflammatory 

mediators such as IL-6 and IL-7 are released more in the 

elderly population, and both are also released more in 

patients with OA when compared with age-matched non-

OA participants (102). Increased levels of pro-

inflammatory cytokines and ROS leads to vascular 

impairment. This is followed by a fluctuating supply of 

nutrients and oxygen, leading to reduced cartilage elasticity 

and water content (103). Inflammaging and OA are also 

linked by damage-associated molecular patterns (DAMPs). 

DAMPs are produced by synovial cells along with other 

inflammatory mediators into the synovial fluid during the 

progress of OA (104). DAMPs trigger the immune system 

and contribute to the association between ageing and OA 

(105). The release of DAMPs increases and sustains 

inflammation, producing the chronic low-grade 

inflammation associated with OA (104). However, it is not 

clear whether the release is due to OA or ageing.   

Endothelial dysfunction and inflammaging in KOA-

CSVD crosstalk 

One mechanism that can present in KOA and 

cerebrovascular disease as a result of inflammaging is 

endothelial dysfunction. Endothelial cells play a role in 

regulating the vascular tone through the substances 

affecting vasoconstriction and vasodilation (106). Examples 

of substances that contribute to the vasodilation effect are 

prostacyclin, NO, and bradykinin. Under normal 

physiology, these effects are balanced by vasoconstrictor 

substances such as endothelin which are also produced by 

the endothelium (107). One of the features of endothelial 

dysfunction is increased vascular smooth muscle tone 

secondary to impaired processing of vasodilator substances 

and increased production of vasoconstrictor substances 

(106,108). Endothelial dysfunction is thought to play a 

significant role in atherosclerosis and other vascular 

diseases (109). Regarding cerebral blood vessels, the 

endothelium is essential for the control of blood circulation 

through influencing the vascular smooth muscle. Examples 

of vasodilator substances involved are NO and 

endothelium-derived hyperpolarization factor while an 

example of a vasoconstrictor substance is endothelin-1 

(110). Conditions such as stroke or trauma can significantly 

affect the endothelial control over the vascular tone such as 

shifting from a predominantly vasodilatory state to 

vasoconstricting. 

Because of increasing evidence of a relationship between 

KOA, systemic inflammation, and endothelial dysfunction, 

it is not surprising that there has been more focus on 

establishing a connection between KOA and 

cerebrovascular problems. A review by Al-Khazraji et al. 

(2018) (1) discussed a few inflammatory markers regarding 

their local and systemic role, and how they may contribute 

to cerebrovascular dysfunction. Among the substances 

discussed are hs-CRP, lectin-like oxidized low-density 

lipoprotein receptor-1 (LOX-1) and IL-6 and ROS. ROS is 

the one inflammatory substance that may show a link with 

CSVD. ROS can be produced by chondrocytes and cerebral 

vascular cells. For local KOA inflammation, the level of 

ROS production is elevated through increased nicotinamide 

adenine dinucleotide phosphate (NADPH) oxidase 

activities (111, 112) and accumulation of nitro-tyrosine 

(102). An increase in local ROS production in CSVD also 

occurs primarily through NADPH oxidase activity (113). 

Additionally, ROS may affect BBB integrity, leading to the 

accumulation of ROS in cerebral vessels (1) In a study 

evaluating the cerebrovascular function of KOA patients, it 

was found that those with KOA showed impaired peripheral 

vascular health, dysfunctional cerebrovascular activity, 

autoregulatory capacity, and greater white matter lesions 

when compared to healthy control without KOA or 

cardiovascular complications (1). The data from the study 

suggested that the association between KOA and 

cerebrovascular dysfunction is subclinical where the 
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participants did not report symptoms of established 

cerebrovascular dysfunction such as pre-syncope or stroke. 

In a systemic review regarding vascular pathology and 

KOA (114), it is found that vascular pathologies in KOA 

include the narrowing of small arteries which may also 

suggest a relationship with CSVD. Interestingly though, 

vascular pathologies are also found in hand OA but not hip 

OA. 

Immune system and inflammaging in KOA-CSVD 

crosstalk 

Apart from inflammatory substances, there is also a 

possible link between KOA and CSVD based on changes in 

the immune cells and their functions. This has been 

discussed a lot due to the interaction between inflammaging 

and immunosenescence. Aging can lead to the alteration of 

B cell receptors and functions causing increased production 

of cytokines (115). Chronic stimulation of B cells due to 

inflammation also causes B cells to produce more 

proinflammatory cytokines (116). Senescent T cell 

functions can be increased or suppressed depending on the 

stage of inflammaging (117) . As age increases, the 

production of inflammatory factors such as interferon-

inducible protein-10, IL-6, and IL-8 increases due to the 

imbalance of T-cell subtypes (118). This exacerbates the 

inflammaging state. In age-related CSVD, immune cell 

senescence initially suppresses the normal immune 

response. However, at the latter stage, pro-inflammatory 

cytokines such as IL-6 and IL-8 will be produced causing 

accelerated and aggravated BBB leakage and injury to the 

endothelial cells (117). Microglia, which is an important 

phagocyte for the central nervous system has been shown to 

undergo senescent and loss of function. Senescent microglia 

have decreased responsiveness. It also suffers from 

migration and phagocytosis. This leads to the accumulation 

of senescent cells and debris that become a source of 

chronic inflammation causing damage to cerebrovascular 

structures and neurons (119). Senescent microglia seem to 

be one of the factors in activating inflammaging by 

producing a pro-inflammatory state. This leads to neuron 

degeneration and BBB leakage (120). CSVD patients have 

been shown to have anti-endothelial antibodies, suggesting 

a relationship between B cell activation and endothelial 

dysfunction (121). As a whole, the senescence of immune 

cells that occurs with inflammaging contributes greatly to 

microglia dysfunction, BBB leakage and endothelial 

dysfunction therefore essential in the development and 

progress of CSVD. Moreover, changes in the adaptive 

immune system also may connect KOA and inflammaging. 

Blood lymphocyte composition of KOA patients has been 

shown to have compromised T and B cell functions. 

Compared to the control, KOA showed increased CD8 

while a decrease in CD4 and T regulatory cells (122). A 

study of 30 symptomatic KOA patients revealed altered T 

cell profiles where some types of T cells increased and 

others decreased when adjusted for age (123) . A review 

study found that the alteration of T cells in KOA occurs in 

various subtypes of T cells. However, the exact relationship 

between the alteration of T cells and with development and 

progression of KOA is still unclear (124). The profile of B 

cells also changed in KOA patients where the levels of 

many B cell subtypes decreased (123). Interestingly, the 

alteration that occurred in KOA also affects B cell 

proliferation, maturation, and differentiation. The altered 

function may explain the presence of autoantibodies in the 

synovial fluid of KOA (125). These alterations suggest that 

impairment of the adaptive immune system does occur in 

KOA and may play a relevant role in the pathogenesis of 

OA (100). Alterations in the adaptive immune system occur 

in both CSVD and KOA. The changes involved an increase 

in certain functions while a decrease in some others. 

Senescence in immune cells that accompanies ageing and 

inflammaging seems to be more established in CSVD when 

compared to KOA. However, there are enough suggestions 

that KOA may share the same problem of 

immunosenescence. Immunosensence are a key factor in 

rheumatoid arthritis (126), therefore it is not unlikely that 

KOA is also the same. It is an aspect that may show further 

relationship between CSVD and KOA. Even though CSVD 

is a vascular disease while KOA is a degenerative disease, 

it has been shown that they potentially share some 

mechanisms for the disease development and progression. 

Both are affected by inflammation and since age is a major 

factor for them, the process of inflammaging is a reasonable 

point to find a common link between the two. The 

senescence of immune cells and their altered profile is 

related to the systemic and local inflammation that occurred 

in CSVD and KOA. This causes increased release of various 

proinflammatory substances resulting in endothelial 

dysfunction, damaged small vessels, BBB leakage, 

synovitis, and damaged cartilages. However, further studies 

are required to understand the nature of the association 

between CSVD and KOA because as stated by Al-Khazraji 

et al. (2018) (1), while the mechanisms seem to be 

overlapping, the direction of the relationship between the 

two diseases and how the presence of one affects the 

progress of the other is far from clear. 

Impact on cognitive function 

There is vast evidence showing a close association 

between OA and CSVD which plays a pivotal role in 

cognitive function. The literature on OA and CSVD has 
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highlighted several factors contributing to their progression 

and ultimately interrupting cognitive capabilities (1, 4, 127). 

In comparison between males and females, the previous 

study indicated that several vascular risks including CSVD 

have higher risk in females rather than males resulting in 

cognitive decline in both genders (31). Inflammation (i.e., 

inflammaging) and oxidative stress were discussed linking 

OA (i.e., KOA) and CSVD. There is a large volume of 

published studies describing the role of inflammatory and 

oxidative and their role in the onset and progression of both 

KOA and CSVD (4, 127-129). For instance, through 

mechanisms of C-reactive protein (CRP) (1). Initially, CRP 

is an acute-phase reactant produced by the liver in response 

to inflammation and inflammation mediated by CRP can 

contribute to oxidative stress in the vascular. Data from 

several studies suggest that increased CRP is correlated with 

verbal fluency performance. It seems that the results are due 

to loss in brain white matter integrity and changes in the 

anatomy resulting in a huge impact on the performance of 

cognitive outcomes. Moreover, an increase in pro-

inflammatory IL-6 and CRP have decreased cognitive 

performance. It is believed that the CRP with pro-

inflammatory cytokines affects the endothelium and the 

BBB resulting in impairment of microvascular and leading 

to CVSD followed by changes in cognitive function (1). 

Moreover, serum pyruvate kinase M2 (PKM2) has been 

shown to play a major role in Toll-like receptors resulting 

in abnormal activation of the immune system leading to 

inflammation activation as seen in the CVSD. Moreover, 

the Toll-like receptors (TLRs) have been shown to play 

critical roles in regulating the abnormal activation of the 

immune cells resulting in the pathogenesis of inflammation 

and autoimmune diseases. TLR-mediated therefore induced 

inflammation and autoimmunity by promoting PKM2 

activation. The observed increase in PKM2 could be 

attributed to an increase with suspected dementia, mild 

dementia, and mild to moderate dementia. These results are 

consistent with those of other studies and suggest the 

association between PKM2 and CSVD (130, 131). 

Another study using fMRI in association with CVSD 

showed that brain lesions have been seen in the CSVD 

resulting in their impact on the cognitive reserve (132). At 

the beginning of the CVSD, the impairment of brain 

function outweighs the behavioural impairments since the 

presentation of compensatory and regulatory mechanisms 

takes place. However, in the late stage, dysfunction and 

dysregulation are associated with white matter damage and 

following the impact on cognitive function (133). A further 

study with more focus on CSVD is therefore suggested that 

the CMBs as hallmarks of underlying depression and 

cognitive dysfunction. These research findings indicate that 

individuals with CSVD exhibit diminished overall 

connectivity and specialized function within their white 

matter networks of the patient. Additionally, there is a 

notable reduction in nodal efficiency, particularly in areas 

associated with depression and cognitive impairment, such 

as those within the attention, default mode, and 

sensorimotor networks that ultimately impact cognitive 

function (134, 135).  

In the triple-network model study, data patients 

diagnosed with CSVD displayed heightened connectivity 

within the central executive network and default mode 

network, alongside diminished connectivity between the 

default mode network and the salience network, as well as 

between the central executive network and the salience 

network. There were also observed imbalances within the 

salience and default mode networks. It is believed that these 

disruptions within the triple-network system affect brain 

regions responsible for motor execution, emotional 

processing, and cognitive control, ultimately resulting in 

inefficient cognitive control and reactions (136). In a 

separate study examining KOA and cognitive impairment, 

researchers found that both are primary contributors to 

functional decline and disability among older adults. The 

current findings suggest a link between cognitive 

performance, pain, and functionality in individuals with 

OA. These results enlighten the importance of investigating 

the intricate relationship between chronic pain severity and 

cognitive function (134). However, the findings of the 

current study do not support the previous research. In the 

animal model of KOA, there were no significant 

differences, particularly in cognitive function. Although 

rearing was diminished, locomotor activity remained 

normal, and no alterations were observed in startle response 

or pre-pulse inhibition in rats. Moreover, the rats were 

unaffected performance in the water maze delayed-

matching-to-place task, indicating no significant disruption 

in hippocampal function. Furthermore, there were no 

impairments noted in novel object recognition memory or 

the operant task assessing behavioural flexibility. These 

findings suggest that OA-like pain does not affect 

hippocampal function (137).  

However, more studies revealed that there were 

associations with KOA, CVSD and cognitive capabilities. 

Another study investigated the effects of vortioxetine in an 

animal model of monosodium iodoacetate-induced OA and 

its correlation with impaired cognitive function. The results 

showed that vortioxetine effectively reversed cognitive 

deficits in both male and female rats in a dose-dependent 

manner. One of the primary mechanisms believed to 
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contribute to the cognitive-enhancing properties of 

vortioxetine involves the blockade of serotonin receptors on 

γ-aminobutyric acid interneurons, leading to the 

disinhibition of pyramidal neuron activity in the 

hippocampus. Additionally, electrophysiological studies 

have revealed that vortioxetine enhances N-methyl-D-

aspartate (NMDA)-mediated glutamatergic 

neurotransmission and long-term potentiation in the 

hippocampus, a neural process dependent on NMDA 

receptors that are implicated in memory formation (138). 

In a separate study aimed at assessing cerebrovascular 

outcomes in individuals with KOA, it was found that KOA 

may predispose individuals to neurological damage. 

Cerebral microvascular dysfunction is often identified as 

the primary cause of CSVD, leading to compromised brain 

perfusion and subsequent cognitive decline. Moreover, in a 

transgenic mouse model of Alzheimer's disease, mice 

induced with KOA (via viral injection into knees) exhibited 

increased amyloid β plaques and neuroinflammation 

compared to those without KOA, suggesting a potential link 

between peripheral inflammation and Alzheimer's 

pathology (127). Characteristic changes indicative of 

cerebrovascular impairment, such as WMHs, brain atrophy, 

cerebral cortical microinfarcts, and CMBs, are often 

observed in individuals with this condition. Additionally, 

individuals with KOA who undergo joint replacements may 

exhibit a higher volume of WMHs, despite lacking a history 

of cardiac or cerebrovascular events (1). Finally, individuals 

diagnosed with KOA and CSVD face a heightened risk of 

declining cognitive function. Understanding the causality 

behind this association could offer valuable insights for 

enhancing prevention and treatment strategies in clinical 

settings. 

KOA-CSVD intercurrent relationship: Potential 

therapy and future directions 

There are important clinical ramifications to the intricate 

interaction that exists between CSVD and KOA. Future 

research areas and possible treatment strategies may be 

guided by an understanding of this link. As discussed, the 

pathophysiological pathways of KOA and CSVD are 

similar in that they involve endothelial dysfunction, 

oxidative stress, and chronic inflammation. By focusing on 

these overlapping pathways, treatment advantages for both 

illnesses might be provided concurrently. A comprehensive 

strategy for treatment is necessary due to the complex nature 

of the intercurrent interaction between KOA and CSVD. A 

mix of pharmaceutical therapies, lifestyle changes, and 

rehabilitative techniques designed to address joint and 

cerebrovascular health may be used to achieve this. Chronic 

inflammation is a common thread in both KOA and CSVD. 

Inflammatory mediators such as cytokines and chemokines, 

which are produced in the knee joint during KOA, may enter 

the bloodstream and contribute to vascular dysfunction and 

affect the brain, potentially accelerating the development of 

CSVD (139). Traditional vascular risk factors such as 

hypertension, diabetes, and dyslipidaemia (abnormal 

cholesterol levels) are implicated in KOA as well as CSVD. 

These factors can damage blood vessels throughout the 

body, including those supplying the knee joints and the 

brain. Herewith in Figure 3, we proposed the novel 

conceptual model for intercurrent crosstalk between KOA 

and CSVD which may be aided in the prevention, 

management, and therapeutics strategies for both 

conditions.  

Potential therapeutic strategies and future 

recommendations 

Medications such as corticosteroids, non-steroidal anti-

inflammatory drugs (NSAIDs), disease-modifying 

osteoarthritis or disease-modifying anti-rheumatic 

medicines can help manage KOA symptoms and potentially 

reduce systemic inflammation (140) and may have a 

positive impact on CSVD as well. When prescribing these 

drugs, however, special consideration must be given to each 

patient's unique condition as well as any possible negative 

effects. To date, there is no gold standard for medication for 

CSVD. However, maintaining a healthy weight, engaging 

in regular physical activity appropriate for patients with 

KOA (e.g., low-impact exercises such as swimming or 

cycling), and eating a balanced diet such as fruits, 

vegetables, and whole grains (such as omega-3 fatty acids, 

antioxidants, and polyphenols), may have anti-

inflammatory and neuroprotective effects, can improve 

cardiovascular health, and potentially slow the progression 

of both KOA and CSVD (141).  

Enhancing joint function and mobility in KOA patients 

through exercise and physical therapies therapies can also 

have neuroprotective effects and improve cerebrovascular 

health (142, 143). Combining aerobic activity, strength 

training, and balancing exercises could help reduce 

symptoms associated with both KOA and CSVD 

synergistically. Besides, precision medicine techniques 

such as genetic profiling, biomarker identification, and 

imaging modalities have been used to identify patients who 

are more likely to develop KOA-CSVD intercurrent 

pathophysiology and modify treatment plans accordingly. 

Therapeutic outcomes may be improved by tailored 

therapies that target biological pathways implicated in both 

diseases. A recent study by Jiang et al. determined the best 

course of action for participants in an intensive exercise (E), 

diet weight loss (D), and D+E (IDEA) trial for KOA by 
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using a precision medicine approach using 24 machine 

learning models to create customized treatment guidelines. 

They found that there were indications that a subgroup of 

participants would probably benefit more from diet, which 

was consistent with the precision medicine models' support 

for the overall IDEA findings that the D+E intervention was 

best for most participants (131).  

Apart from that, several of the most significant genetic 

indicators in KOA have been identified, for example, 

multiple genomic regions have been identified using a 

microRNAs approach for KOA i.e., miR-34a-5p for late 

KOA biomarker in obese patients (144), hsa-miR-335-3p, 

hsa-miR-199a-5p, hsa-miR-671-3p, has-miR-1260 b, hsa-

miR-191-3p, and hsa-miR-335-5p for early symptomatic 

KOA biomarkers (Ali et al., 2020), miR-146a-5p and miR-

186-5p for prevalent and incident KOA in women (145). 

Circular RNAs such as hsa_circ_101178 have been 

identified for early symptomatic KOA biomarkers (Chen, 

2020). Moreover, mitochondria genetics such as 

Haplogroup J for prevalence and incidence KOA biomarker 

in Caucasian populations (146), mtDNA cluster JT for KOA 

progression biomarker in Caucasian populations (147), 

Haplogroup G for the prevalence of KOA biomarker in 

Chinese populations (148), and Haplogroup B for the 

incidence of KOA biomarker in Koreans populations (149) 

has been identified.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Proposed conceptual model for intercurrent crosstalk between knee osteoarthritis (KOA) and cerebral  

small vessel disease (CSVD). BBB, blood-brain barrier; CBF, cerebral blood flow; CMBs, cerebral microbleeds; IL, 

interleukins; hs-CRP, highly sensitive C-reactive protein; LOX-1, lectin-like oxidized low-density lipoprotein receptor-

1; NADPH, nicotinamide adenine dinucleotide phosphate; ROS, reactive oxygen species;  

T2DM, type 2 diabetes mellitus.  
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On the other hand, Mendelian forms only comprise 5% 

of CSVD patients (150), while most cases of CSVD are 

sporadic (151). Certain genetic mutations are the cause of 

monogenic CSVD, such as those found in CADASIL (152, 

153), cerebral autosomal recessive arteriopathy 

(CARASIL) (153), Fabry's disease (Brady et al., 1967), 

COL4A1/2-related CSVD (154), retinal vasculopathy with 

cerebral leukodystrophy (RVCL) (152), and cathepsin A-

related arteriopathy with strokes and leukoencephalopathy 

(CARASAL) (155). A recent genetic profiling study by 

Wang et al. found eight variants in total, with five novel 

variants, i.e., c.1774C>T (NOTCH3), c.3784C>T 

(NOTCH3), c. 1207C>T (HTRA1), c. 1274+1G> A 

(HTRA1), c.1937G>C (COL4A1), and three reported 

mutations were found in patients with CSVD in the Chinese 

Han population. They also reported that there were no 

variations in any of the 300 healthy controls. And conclude 

that there were no pathogenic mutations found in TREX1, 

CTSA, GLA, COL4A2, or TREX1 genes (156, 157). 

Therefore, the development of combination medicines 

that simultaneously address vascular health, inflammation, 

and other contributing factors may lead to a more successful 

management of CSVD and KOA. Potential interactions and 

adverse consequences must be carefully considered. Novel 

therapeutic approaches become possible when one 

comprehends the intricate connection between KOA and 

CSVD. Through the integration of orthopaedists, 

neurologists, and vascular experts' specialized knowledge, 

researchers can create a more comprehensive therapy 

strategy that efficiently targets both disorders. 

 

 

Conclusion 

In summary, a thorough and integrated approach to 

patient care is necessary due to the concurrent link between 

CSVD and KOA. Given their common pathophysiological 

mechanisms such as chronic inflammation (i.e., 

inflammaging) and endothelial dysfunction; managing both 

illnesses concurrently may be possible. Treatment strategies 

that emphasize reducing cardiovascular risk, reducing 

inflammation, encouraging physical activity, and applying 

precision medicine techniques have the potential to improve 

outcomes for those with KOA-CSVD intercurrent 

pathology. There is a need for a paradigm shift in 

understanding and treating KOA and CSVD as 

interconnected conditions rather than separate diseases. 

Future research should focus on identifying shared 

biomarkers, exploring precision medicine approaches, and 

testing anti-inflammatory and vascular-targeted 

interventions that benefit both conditions. Longitudinal 

studies are also critical to understanding how managing one 

condition impacts the other, thus advancing integrated 

treatment strategies. By focusing on underlying biological 

mechanisms, conducting rigorous clinical trials, and 

applying individualized therapy techniques, researchers and 

clinical professionals can work towards improving patient 

outcomes and quality of life. This interdisciplinary 

collaboration will be essential for effectively addressing the 

complex clinical junction between KOA and CSVD. 
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