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Abstract

Osteoarthritis (OA) is one of the most prevalent degenerative joint diseases, which results in the inevitable
destruction of joints leading to pain and joint immobility. Some studies have reported a potential link
between diabetes mellitus (DM) and the worsening symptoms and severity of OA. Based on our literature
review, the microcellular environment of patients with DM showed accelerated joint destruction and
increased inflammation in every anatomical aspect of the joint including the bones, tendons, ligaments,
cartilage, and synovium. Additionally, the biomechanical and biochemical properties of these tissues were
more severely impacted in patients with DM and OA compared to those without DM, suggesting that DM
plays an important role in the pathogenesis of OA. Specifically, we found that advanced glycation end
products (AGEs) are the key to inducing the acceleration of joint destruction; however, their role in the
pathogenesis has yet to be fully mapped out. In this narrative review, we aim to explore the role that DM
plays in the acceleration of OA leading to increased reports of joint pain in those with both diseases. We
believe this topic of discussion to be important due to the increased prevalence of both diseases over the last
several decades, potentially leading to an increased medical burden on both patients and the community at
large.
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Introduction And Background

Osteoarthritis (OA) is one of the most prevalent joint disorders, and it leads to diarthrodial articular cartilage
deterioration with eventual disability in adults [1,2]. The prevalence, progression, and severity of the
symptoms of OA can be affected by multiple factors such as comorbidities, lifestyle, diet, age, and genetics
[3-5]. Recent studies have suggested phenotypically subcategorizing OA to better understand the
pathogenesis and causes related to OA. These subtypes entail age-related, post-traumatic event-related, and
metabolic syndrome-related categories [1]. By breaking OA down into categories, we can further evaluate
how other preexisting conditions and differences in lifestyle can affect the progression of OA. This issue is
especially relevant given the rise in the prevalence of metabolic syndrome-related OA [1]. The comorbidities
and risk factors in OA pathogenesis share common features with those seen in type 2 diabetes mellitus (DM)
[1]. Since the 1980s, it has been observed that those diagnosed with OA also have a preexisting DM
diagnosis, and vice versa. Owing to their frequent coexistence, OA and DM have a substantial impact on the
health burden on both the individual and the wider community [4,5]. The US Third National Health and
Nutrition Examination Survey (NHANES III) recently performed a cross-sectional study, which
demonstrated a higher prevalence of DM in those with OA as compared to the general population [4].
Furthermore, it was reported that DM plays a unique role of its own in the progression and pathogenesis of
OA [4,6]. Even hyperglycemia alone was reported to be associated with a separate mechanism on the
pathogenesis and advancement of OA through the accumulation of advanced glycation end products (AGEs),
oxidative stress, and dysregulation of articular cartilage metabolism [1,2].

OA is a degenerative disease leading to the inevitable destruction and disfigurement of joints in adults. This
condition occurs with the common symptoms of pain and joint immobility, which can be the initial
motivation for patients to consult a physician for relief. Pain in OA is one of the most reported symptoms
and ranges drastically in severity on a multifactorial basis, with one of the etiologies appearing to branch
from DM. In a study where patients were assessed using the Knee injury and Osteoarthritis Outcome Score
(KOOS) and the Western Ontario and McMaster Universities Arthritis Index (WOMAC), those with coexisting
DM and OA more frequently reported more severe symptoms compared to those without [1,7]. Those with
poorer glycemic control reported an increased pain severity compared to those with DM with a better
controlled HbA1C level [3]. Using the WOMAC Index, one study revealed that patients diagnosed with DM
and OA reported significantly increased severity and frequency in pain flare-ups, increased incidences of
bilateral synovitis, and increased likelihood for requiring knee arthroplasty compared to those with OA alone
[7]. In a 20-year longitudinal study predicting the outcome of patients with OA and DM independent of
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obesity and age, those with DM were more likely to receive knee and/or hip joint replacement surgery than
nondiabetic patients (p=0.006) [8]. Additionally, they reported bilateral synovitis to be significantly more
common in diabetics than nondiabetics (p=0.004) [8].

In this narrative review, we aim to explore the relationship between DM and the progression of OA in terms
of patient-reported pain severity. We intend to review the related literature and report how elevated glucose
levels in DM play a role in the pathogenesis of OA from the anatomical level to the metabolic level. Based on
the literature review, we report on DM influencing the musculoskeletal system, specifically the bones,
tendons, ligaments, and cartilage of joints most frequently affected in OA. We will further discuss how DM
interferes with the mechanism and mediators involved with joint destruction. The goal of this review is to
shed light on the relationship between these two incredibly common diseases to help reduce the severity of
pain experienced by patients with OA.

Methodology

Data collection was performed, without any language restriction, using the databases PubMed/Medline,
BIREME, and Cochrane, as well as the references found within these articles. Three reviewers performed
independent data extractions of the articles chosen for this narrative review. Subsequently, these reviewers
further scrutinized the articles to ensure their methodological quality (Figure ).

Article searched from PubMed using
keywords Diabetes, Osteoarthritis, joint
pain, articular cartilage, metabolic
syndrome, obesity

Article excluded
n=64
Published before 5 years
Article Assessment done to check from now
eligibility
n=92
Article excluded
n=70

Did not match inclusion
criteria, inconclusive and
inappropriate study design

Total number of articles included in the
review
n=22

FIGURE 1: Flowchart of the search strategy and screening process

Review
Impact of diabetes on the musculoskeletal system, bone, and articular
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cartilage

Metabolism of bone and articular cartilage can be greatly affected by a hyperglycemic condition, which could
prove to be detrimental [1]. The integrity of articular cartilage and extracellular matrix can become
compromised in a proinflammatory environment; it is a given that diabetic patients are more prone to have
inflammatory changes in the cellular environment [2,3]. Studies performed on diabetic mice have exhibited
increased loosened and tangentially arranged collagen fiber, moderate to severe loss of chondrocytes, and
increased bone surface invagination in contrast to healthy mice sharing other common risk factors [4]. The
histological severity of OA was also remarkably higher in the diabetic group compared to the control group of
mice. A diabetic microenvironment facilitates the development of OA by promoting accelerated synthesis
and accumulation of AGEs, further increasing the oxidative burden by impairing healing and elasticity [6]
(Figure 2). A study conducted by Dubey et al. concluded that the increased glycation products in diabetic
mice increasingly induce matrix metalloproteinase expression as well as reduce chondrocytes-specific
protein expressions such as SOX9, COl 2, and aggrecan [3]. In human studies, altered mineral properties,
deleterious tissue changes, and excessive compressive stiffness have been observed in a diabetic
experimental group. This suggests that DM can further complicate osteoarthritic joint pathology [3,7].
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FIGURE 2: Flowchart showing the effects of hyperglycemia on the
progression of osteoarthritis

DM: diabetes mellitus; AGEs: advanced glycation end products; ATPKase: ATP-K+ channel; TLRs: toll-like-
receptors; SOX9 and COI 2: chondrocytes-specific proteins; MMP: matrix metalloproteinase; ECM: extracellular
matrix

Impact of diabetes on tendons and ligaments

Hyperglycemia can lead to biomechanical and biochemical tendon abnormalities, which contribute to
debilitating tendinopathies, further exacerbating OA. Several studies have consistently shown that
hyperglycemic states lead to increased AGE levels that have detrimental effects on the integrity of the
chemical structure of collagen resulting in increased microtears [9,10]. Additionally, AGEs seem to have an
inhibitory impact on tendon-derived stem/progenitor cells (TSPCs), which can decrease their ability to
maintain tendon homeostasis and reduce the risk of tendinopathy development [9-11]. These changes
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contribute to the decreased rupture threshold that can exacerbate OA in patients with DM [11].

It is very well known that collagen has a triple helix structure, which contributes to collagen’s inherent
strength, stability, and linear organization within the tissues of tendons ligaments and cartilage [9,12]. AGEs
aggregate on all subtypes of collagen but specifically type I collagen most frequently due to its increased
affinity for AGEs and its increased availability within the tendon extracellular matrix [9,13]. Studies have
shown that the arrangement of collagen in tendons in those with DM is significantly more disorganized due
to AGE cross-linking between collagen fibers, disrupting the normal triple helix [10,12]. This cross-linking
results in significant stiffening of the extracellular matrix, reducing its plasticity and ability for tendon-fiber
sliding [9-13]. Since type I collagen has a half-life of roughly one to two years, there is an increased
opportunity for collagen cross-linking in those with DM, leading to an exponentially increased risk for
tendinopathies that can further exacerbate OA [9,14].

Along with interfering with the mechanical structure of tendons, AGEs also seem to play a role in increasing
TSPC apoptosis, decreasing their ability to maintain tendon homeostasis and repair of extracellular matrix
[9,10]. While the relationship between AGEs and TSPCs is still unclear, it is apparent that they are connected
in the pathogenesis of tendinopathies in DM [10]. Further investigation of the effects of AGEs on TSPCs,
collagen, and tendons and ligaments can help reduce tendon pain that often accompanies OA and DM. Since
exercise is a keystone in the management of DM, understanding how tendons are affected in DM can reduce
overuse injuries that can interfere with disease-modifying exercise.

Mechanism and mediators involved in joint destruction

Effects of DM on joints are complex; King et al. have clearly explained the effects of diabetes and
hyperglycemia on bone, articular cartilage, synovium, tendons, and ligaments [11]. In T1DM, insulin
deficiency impairs osteoblastic bone formation and inhibits bone mass during growth; additionally, AGEs
may, directly and indirectly, alter matrix properties [4,15,16]. Whereas in T2DM, a constellation of factors
such as hyperglycemia, inflammatory cytokines and adipokines, oxidative and osmotic stress, and

AGE:s collectively inhibit osteocyte function, alter bone turnover, and degrade collagen properties [4,16].
Significant synovitis occurring in OA may be exacerbated by the increased levels of inflammatory cytokines,
adipokines, and prostaglandins seen in DM tissues [17]. Signaling through pathways of innate immunity,
such as toll-like receptors, may also produce inflammation in both DM and OA [15].

A hyperglycemic environment increases the production of reactive oxygen species and oxidants and
promotes matrix catabolism. In these environments, cellular transport of glucose becomes critical, which, if
altered as in DM, contributes to excess oxidative stress and tissue damage and accelerates OA; this was
extensively explained by Rosa et al. in two different studies (Figure 3) [18,19]. The effects of high glucose
may be associated with the impaired function of ATP-sensitive K+ channels, which couples GLUT channels
to intracellular ATP/ADP levels and membrane potential [20].
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FIGURE 3: Schematic presentation of the interrelation of diabetes and
osteoarthritis regarding joint destruction

DM: diabetes mellitus; TNF: tumor necrosis factor; IL: interleukin

High tissue levels of glucose also accelerate the formation of AGEs. The AGEs signal through RAGE (receptor
for AGEs) and other receptors and produce various deleterious effects on chondrocytes such as inflammation
and cytokine-mediated catabolism. Also, cross-linking of collagen by AGEs alters tissue biomechanical
properties [21] and may also inhibit extracellular matrix turnover by restricting access to proteolytic sites
[22]. However, Vos et al. clearly stated in their hypothesis that elevated cartilage AGEs do not accelerate the
development of early canine OA upon minimal surgical damage [23]. Thus, whether or how AGEs play a
significant role in OA remains unclear.

Conclusions

Since the prevalence of both OA and DM is increasing, the relationship between these two diseases needs to
be investigated to help reduce the health burden on both the individual and the community of those
affected. It can be concluded that DM has a crucial role in the acceleration of OA pathogenesis even in its
early onset; however, the definitive causal pathway still needs to be established. Based on the available
literature, chronic hyperglycemic states can increase inflammation in the microcellular environments of
joints. Although the complete pathogenesis is not mapped out, AGEs have a central role in perpetuating
inflammatory processes in every anatomical part of the joint. This increased inflammation can then
exponentiate the breakdown of cells and tissues, potentiating the progression of OA. Therefore, an
individual with poor glycemic control is more prone to have osteoarthritic pain with more severity in
contrast to one with OA only. Choosing appropriate anti-diabetic agents to decelerate the rate of
subchondral bone changes in OA could be an excellent topic for further studies. Specifically, further
investigation on how AGEs exactly affect chondrocytes through the RAGE receptor should be pursued as
decreased chondrocyte function correlates to increased pathological fractures and increased need for joint
arthroplasty. Furthermore, early lifestyle changes, dietary modification, and intensive glycemic control
should be practiced and encouraged to delay the onset and severity of the pain in OA.
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