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ARTICLEINFO ABSTRACT
A't’.fle Type: Chronic kidney disease (CKD) and osteoarthritis frequently coexist, particularly in aging
Review populations, imposing a significant burden on patients and healthcare systems. Emerging evidence
reveals a complex, bidirectional pathogenic crosstalk between these conditions, extending
Article History: beyond shared risk factors like aging and obesity. In CKD, the accumulation of uremic toxins,
Received: 17 Apr. 2026 systemic inflammation driven by cytokines and disturbances in mineral bone disorder (CKD-
Revised: 28 May 2026 MBD), characterized by dysregulated fibroblast growth factor-23 (FGF23), Klotho deficiency,
Accepted: 17 Jun. 2026 hyperparathyroidism, and vascular calcification, actively contribute to accelerated articular
ePublished: 29 Jun. 2026 cartilage degradation, synovitis, and subchondral bone sclerosis, thereby promoting osteoarthritis
initiation and progression. Conversely, osteoarthritis-induced chronic pain, joint dysfunction, and
Keywords: reduced mobility lead to physical inactivity, sarcopenia, and metabolic dysregulation, potentially
Osteoarthritis exacerbating CKD progression through strengthened inflammation, insulin resistance, and

cardiovascular strain. This bidirectional relationship creates significant clinical challenges; since,
standard osteoarthritis analgesics like non-steroidal anti-inflammatory drugs are nephrotoxic
and contraindicated in chronic renal failure, since CKD-related complications complicate joint
replacement surgery and rehabilitation. Effective management requires a paradigm shift towards
integrated care. Treatment modalities include aggressive CKD-MBD control, cautious selection of
joint-friendly analgesics, structured exercise programs tailored to renal and joint limitations, and
early specialist collaboration. Identification of these intertwined molecular pathways is necessary
for developing targeted therapies that simultaneously protect both renal and musculoskeletal
health, eventually improving outcomes for this high-risk comorbid population.
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Implication for health policy/practice/research/medical education:

Osteoarthritis, once simplistically labeled wear and tear, is now recognized as a whole-joint disease involving active pathological
processes within the articular cartilage, subchondral bone, synovium, ligaments, and periarticular muscles. Low-grade
inflammation driven by innate immune activation within the joint, dysregulated extracellular matrix metabolism, chondrocyte
senescence, and aberrant subchondral bone remodeling are principal parameters for its initiation and progression. The
conjunction of these two pathological landscapes, the systemic impacts of chronic kidney disease and inflammation state of
chronic renal failure and also the localized joint-destructive processes of osteoarthritis, creates a suitable background for mutual
exacerbation.
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Introduction

Chronic kidney disease (CKD) and osteoarthritis are two
prevalent, debilitating conditions markedly affecting global
health due to their high prevalence and complex interplay,
especially in aging populations (1). Historically, both have
been viewed as distinct entities, with CKD representing
the progressive decline in renal function and metabolic
functions, while osteoarthritis is predominantly regarded
as a degenerative joint disease characterized by cartilage
breakdown, synovial inflammation, and structural bone
changes (2). However, accumulating experimental and
clinical data have revealed that the relationship between
kidney and joint disease is far more interconnected,
characterized by a bidirectional exchange of pathogenic
signals, shared molecular pathways, and overlapping risk
factors that influence disease progression and clinical
outcomes in both organ systems (2-4). Fundamentally,
CKD and osteoarthritis not only share non-modifiable and
environmental risk factors such as aging, obesity, chronic
low-grade inflammation, and metabolic syndrome (1),
but also their interaction is amplified through molecular
mediators and systemic syndromes (2). The chronic kidney
disease-mineral bone disorder (CKD-MBD) exemplifies
this interface, affecting the intricate balance between
renal, bone, and vascular health, and contributing to
mineral metabolism derangements, vascular calcification,
and abnormal bone turnover (5). In CKD, the retention
of uremic toxins, altered phosphate and calcium balance,
and dysregulation of fibroblast growth factor-23 (FGF23),
parathyroid hormone, and vitamin D metabolism lead
to systemic manifestations that pervade the skeleton
(6). These changes result in bone fragility, subchondral
bone remodeling, and increased susceptibility to
osteoarthritis -like joint degeneration (2). Simultaneously,
the synovial and chondrocytic milieu is modulated by
circulating inflammatory cytokines and altered mineral
homeostasis, further fostering joint deterioration (7).
From an osteoarthritis perspective, joint disease incites
a persistent inflammatory cascade in the affected tissue,
producing an abundance of danger-associated molecular
patterns, proinflammatory mediators, and matrix-
degrading enzymes including matrix metalloproteinases
(MMPs), notably MMP-13, which collectively contribute
to cartilage loss, osteophyte formation or erosion, and
synovial activation (8). In fact, osteoarthritis, which
traditionally viewed as a localized joint disorder, is
increasingly recognized for its systemic inflammatory
impact. This inflammation, while originating locally, is
not benign and extends beyond the joints to affect various
organs and systems throughout the body (2,4). The
systemic effects of osteoarthritis-driven inflammation are
discernible and significant. They include renal endothelial
dysfunction, which can impair kidney function.
Furthermore, this inflammation propagates pro-apoptotic
and fibrogenic signals, potentially leading to tissue

damage and scarring in different organs (2-4). Moreover,
osteoarthritis-related systemic inflammation can induce
glomerular involvement, indicating a direct impact
on glomeruli (2-4). These far-reaching consequences
underscore the importance of considering osteoarthritis
as a condition with both local and systemic implications,
necessitating a broader perspective on its management
and treatment. These bidirectional effects have been
validated in mouse models where joint damage provokes
renal fibrosis, and CKD alters joint microarchitecture by
promoting bone resorption and modifying osteophyte
development (9). This narrative review, therefore sought
to consider bidirectional pathogenic crosstalk in CKD
and osteoarthritis; from molecular mechanisms to clinical
management.

Search strategy

For this narrative review, a comprehensive literature
search was conducted across multiple electronic databases,
including PubMed, Google Scholar, the Directory of
Open Access Journals (DOAJ), Web of Science, EBSCO,
Scopus, and Embase. The search strategy combined
relevant controlled vocabulary and free-text terms—such
as osteoarthritis, chronic kidney disease, fibroblast growth
factor 23, chondrocytes, parathyroid hormone, and renal
tibrosis—using appropriate Boolean operators to ensure
broad yet focused retrieval of pertinent studies

Mechanistic insight of chronic inflammation in CKD

In CKD, reduced renal clearance leads to accumulation
of pro-inflammatory cytokines like interleukin-1 beta
(IL-1P), interleukin-6 (IL-6), interleukin-18 (IL-18),
and tumor necrosis factor-alpha (TNF-a) (10). Uremic
toxins, particularly indoxyl sulfate and p-cresyl sulfate,
directly activate immune cells and endothelial cells,
further fueling inflammation and oxidative stress (11).
This systemic inflammatory milieu readily penetrates
joint tissues. Within the synovium and cartilage, these
circulating cytokines activate resident macrophages and
fibroblasts, promoting synovitis (12). Critically, they
also stimulate chondrocytes — the sole cells maintaining
articular cartilage - to produce matrix-degrading enzymes
like MMPs and aggrecanases, while simultaneously
suppressing the synthesis of essential cartilage components
like type II collagen and aggrecan (13). This imbalance
accelerates cartilage breakdown (13). Furthermore,
systemic inflammation sensitizes joint nociceptors,
contributing significantly to the often-disabling pain
experienced by patients with both conditions, pain that
may be disproportionate to radiographic findings due to
this neuroinflammatory component (14,15). Likewise,
oxidative stress acts as a powerful amplifier in this vicious
cycle. Previous investigation detected that, CKD is a state
of profound oxidative stress due to reduced antioxidant
capacity (e.g., glutathione depletion), increased
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production of reactive oxygen species (ROS) from
activated leukocytes and dysfunctional mitochondria, and
accumulation of pro-oxidant uremic toxins (16). In the
next step, ROS directly damage chondrocytes, inducing
apoptosis and senescence (17). Senescent chondrocytes
adopt a deleterious senescence-associated secretory
phenotype (SASP), releasing a barrage of inflammatory
cytokines, chemokines, and proteases that further degrade
the cartilage matrix and propagate inflammation locally
and systemically (18). Oxidative stress also impairs the
function of vital cartilage-protective molecules and
activates key signaling pathways like nuclear factor-
kappa B (NF-«B) and mitogen-activated protein kinases
(MAPKs), which drive the expression of catabolic and
inflammatory genes within joint tissues (19). The uremic
environment itself is directly chondrotoxic (20). Toxins
like indoxyl sulfate have been shown in-vitro to inhibit
chondrocyte proliferation, induce apoptosis, suppress
collagen type II synthesis, and upregulate MMP expression
(21). Advanced glycation end products, which accumulate
in CKD due to reduced clearance and increased formation
in the context of hyperglycemia and oxidative stress,
bind to their receptor on chondrocytes and synovial
cells (2). This binding triggers intracellular signaling
cascades that promote inflammation, oxidative stress,
and the production of destructive enzymes, mimicking
and exacerbating the core pathological processes of
osteoarthritis (2). Then, advanced glycation end products
accumulation directly stiffens the collagen network
within cartilage, reducing its resilience to mechanical load
(22). On the other hand, dysregulation of mineral and
bone metabolism, as the hallmark of CKD-MBD, exerts
profound effects on joint health (23). Hyperphosphatemia,
a near-constant feature of progressive CKD, directly
stimulates chondrocyte hypertrophy, which is associated
with cartilage calcification and vulnerability to degradation
(24,25). Elevated phosphate levels also promote vascular
calcification, potentially compromising blood supply to
subchondral bone and joint structures (26). FGF23, as a
phosphaturic hormone that rises early and dramatically
in CKD to counteract hyperphosphatemia, has emerged
as a key pathogenic player beyond mineral balance (27).
Chronically elevated FGF23, particularly in the context of
Klotho deficiency can directly activate pro-inflammatory
and pro-hypertrophic pathways in chondrocytes by
FGFR4 signaling, independent of its phosphaturic effects
(28). It should remember that, Klotho, as a co-receptor
for FGF23, is predominantly produced in the kidney and
declines steeply in CKD (29). This condition contributes
to abnormal chondrocyte differentiation and matrix
degradation (30). Secondary hyperparathyroidism,
another pillar of CKD-MBD, involves markedly elevated
parathyroid hormone levels (31). While intermittent
parathormone exposure can be anabolic for bone,
sustained high levels, as seen in CKD, promote bone

CKD and osteoarthritis

resorption. This systemic bone loss can extend to the
subchondral bone plate beneath articular cartilage (32).
Furthermore, bone marrow lesions visible on MRI,
associated with pain and progression in osteoarthritis,
might be influenced by the altered bone turnover and
microvascular disease prevalent in CKD (33). Vitamin
D deficiency, nearly ubiquitous in CKD due to reduced
renal 1-alpha-hydroxylation, impaired sunlight exposure,
and dietary restrictions, also plays a detrimental role
(34). Beyond its classical effects on calcium and bone,
D possesses potent immunomodulatory
properties. Deficiency promotes a pro-inflammatory state
systemically and within the joint, reducing the synthesis
of anti-inflammatory cytokines and failing to suppress
destructive T-cell responses (35). Vitamin D also directly
influences chondrocyte metabolism; its deficiency may
impair cartilage matrix synthesis and promote catabolism
(36).

vitamin

Impact of osteoarthritis on CKD progression

The bidirectional nature of this crosstalk of osteoarthritis
and CKD becomes starkly evident when considering how
this disease and its associated conditions can actively drive
CKD progression (1). Obesity, a major risk factor for both
knee osteoarthritis and CKD, is a primary instigator.
Adipose tissue, particularly visceral fat, is not inert storage
but a highly active endocrine organ secreting adipokines
(37). Leptin, resistin, and visfatin are elevated in obesity
and promote insulin resistance, systemic inflammation like
increasing IL-6, TNF-a, CRP, and endothelial dysfunction
(38). Leptin, in particular, has direct pro-fibrotic effects
on renal tissue, stimulating mesangial cell proliferation
and extracellular matrix production in the glomeruli,
contributing to glomerulosclerosis (39). It also promotes
podocyte injury and tubulointerstitial fibrosis (40).
Adiponectin, often reduced in obesity, has protective anti-
inflammatory and insulin-sensitizing effects; its relative
deficiency further tips the balance towards inflammation
and metabolic dysfunction (41). The mechanical stress
of obesity on weight-bearing joints accelerates cartilage
wear (42), but the metabolic consequences consisted of
chronic inflammation, insulin resistance, dyslipidemia,
directly damage the kidneys (43). Then, insulin resistance
promotes glomerular hypertension and hyperfiltration,
initiates inflammatory pathways within renal cells, and
contributes to lipid accumulation in renal tubules (renal
lipotoxicity), all accelerating CKD progression (44). In
parallel, the systemic inflammation which originating
from the osteoarthritis joint itself also feeds back into
renal damage (1). While localized, the inflamed synovium
releases cytokines and other mediators into the circulation
(45). Chronic elevation of IL-1B, IL-6, and TNF-a can
directly promote renal inflammation, fibrosis, and
endothelial dysfunction (46). In addition, TNF-a can
induce apoptosis in podocytes and tubular cells, disrupt
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the glomerular filtration barrier, and stimulate the
production of other fibrogenic factors like transforming
growth factor-beta within the kidney. This condition
creates a scenario where joint inflammation becomes a
systemic driver of renal decline (47,48).

Focus on cellular senescence

Cellular senescence and impaired regenerative capacity
are central to the interaction. Kidneys in CKD show
accumulation of senescent cells in tubular and interstitial
compartments; these cells secrete SASP factors that
sustain inflammation and fibrogenesis (49). Similarly,
senescent chondrocytes and synovial fibroblasts in
osteoarthritis produce SASP, which propagates matrix
catabolism and attracts inflammatory cells (50). Systemic
propagation of senescence signals, either by circulating
SASP components, extracellular vesicles, or endocrine
mediators could plausibly promote senescence in distant
organs, linking kidney failure to accelerated joint aging
(51). Experimental data indicated that uremic toxins
can induce senescence-associated markers in peripheral
tissues (52); whether this contributes to osteoarthritis
acceleration in humans requires more study, since this
concept provides a unifying mechanistic framework and
a rationale for therapies that target senescence pathways,
such as senolytics or SASP modulators, to mitigate
multimorbidity risks (2,52).

Treatment modalities

Management of this dual pathology is fraught with
therapeutic dilemmas, primarily centered on pain control.
Non-steroidal anti-inflammatory drugs (NSAIDs), a
cornerstone of osteoarthritis pain management, are often
contraindicated or require extreme caution in CKD (2).
These agents inhibit renal prostaglandin synthesis, which
is critical for maintaining renal blood flow, particularly
in states of reduced effective circulating volume (53).
This state can precipitate acute kidney injury, accelerates
CKD progression, cause sodium and water retention
exacerbating hypertension and edema, and increase the
risk of hyperkalemia (53). Even short-term or low-dose
of NSAID use carries significant risk, especially in stages
4-5 CKD (54). Acetaminophen is generally considered
the first-line analgesic for mild-moderate osteoarthritis
pain in CKD due to its favorable renal safety profile
at recommended doses (55). However, concerns exist
regarding potential hepatotoxicity with chronic high-
dose administration and, more controversially, some
epidemiological data suggesting a possible association
with increased hypertension risk or accelerated CKD
progression at very high cumulative doses, though causality
remains unproven (56). Its efficacy for moderate-severe
osteoarthritis pain is often limited (57). Topical analgesics
offer a valuable renal-sparing alternative. Topical NSAIDs
have minimal systemic absorption and are generally

safe in CKD, providing effective localized pain relief
for accessible joints like knees and hands (58). Topical
capsaicin can be effective for neuropathic pain components
but requires consistent application and causes initial
burning sensation (59). Lidocaine patches are useful for
localized neuropathic pain (60). Intra-articular therapies
require careful consideration. Corticosteroid injections
provide potent, albeit temporary, anti-inflammatory
effects within the joint (61). While systemic absorption
is low, repeated injections in CKD patients, especially
those with diabetes, carry risks of local tissue atrophy,
infection, and potentially transient hyperglycemia (61).
Theoretical concerns exist about systemic effects on bone
mineral density with frequent use, though evidence is
limited (62). Hyaluronic acid viscosupplementation aims
to restore the viscoelastic properties of synovial fluid. Its
safety profile in CKD is generally considered favorable as
it acts locally, but robust efficacy data specifically in CKD
populations is lacking (63). Platelet-rich plasma and stem
cell injections are emerging but remain experimental (64);
however, their safety and efficacy in the uremic milieu are
completely unknown and not currently recommended
outside rigorous clinical trials. It is noteworthy to
remember that non-pharmacological strategies become
the cornerstone of management (2,64). Weight loss is
paramount for overweight or obese patients, offering
dual benefits: reducing mechanical stress on joints and
mitigating the adipokine-driven inflammation that
harms both joints and kidneys (65). However, achieving
significant weight loss in advanced CKD is challenging
due to dietary restrictions, reduced physical capacity,
anorexia, and metabolic alterations (66). Tailored, renal-
appropriate dietary counseling focusing on high-quality
protein within prescribed limits, controlled potassium/
phosphate intake, and calorie control is essential (67).
Physical activity and exercise are non-negotiable but
must be carefully prescribed. Low-impact aerobic
exercise, strength training to support joints and combat
sarcopenia, and flexibility exercises improve pain,
function, cardiovascular health, and insulin sensitivity
(68). Exercise programs must be individualized, starting
slowly, accounting for fatigue, anemia, fluid status, and
cardiovascular comorbidities common in CKD (69).
Physical and occupational therapists experienced in both
CKD and musculoskeletal conditions are invaluable assets
(70). Moreover, assistive devices reduce joint loading and
improve mobility and safety, crucial for preventing falls.
Finally, patient education on joint protection techniques,
energy conservation, and realistic goal setting is vital for
self-management (71).

Conclusion

In this review, we emphasized on the bidirectional link
between CKD and osteoarthritis, emphasizing on a largely
overlooked clinical paradigm. Recent studies found that,
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these conditions are interconnected through shared
pathophysiological mechanisms. In CKD, uremic toxins,
mineral imbalance, chronic inflammation, and oxidative
stress, create a feedback loop that accelerates joint
degeneration by inducing chondrocyte death, synovitis,
and subchondral bone changes. Conversely, osteoarthritis-
related immobility and systemic inflammation can
worsen renal fibrosis and functional decline. This
interplay accentuates the need for a fundamental shift
in clinical management. Conventional osteoarthritis
treatments like NSAIDs may harm kidney function,
while CKD management often neglects musculoskeletal
health. Therefore, early detection through screening
for osteoarthritis in CKD patients and vice versa is
crucial. Personalized care strategies should focus on
nephroprotective analgesics, tailored physical activity
programs, and aggressive control of systemic inflammation
and mineral disturbances. Future therapies should
target shared pathogenic pathways, including reducing
uremic toxins with prebiotics or adsorbents, applying
anti-cytokine agents, and restoring Klotho levels. Hence
collaboration among nephrologists, rheumatologists,
and orthopedic specialists is necessary to deliver care.
Recognizing the systemic, interconnected nature of CKD
and osteoarthritis advocates for integrated therapeutic
approaches that address both diseases simultaneously,
ultimately improving outcomes and quality of life for
vulnerable patients.
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