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Osteoarthritis (OA) is a common musculo-
skeletal disability with a prevalence in the
aged population (= 60 years old). Analysis of
the data from the Global Burden of Diseases,
Injuries, and Risk Factors Study (GBD) revealed
an increase in the age standardized annual
incidence rate of OA and of the years lived
with disability from 1990 to 2017 by 8.2%
and 9.6%, respectively.! OA has also been the
topic of 16 articles published in 2020 in Bone
& Joint Research (PubMed search: "Bone Joint
Res" AND osteoarthritis AND 2020, February
2021). Besides the investigation of opera-
tion techniques and mortality rate, they also
aimed to identify biomarkers, studied the
pathomechanism, and developed or eval-
uated treatment options; the studies cited
here are exemplary.?® Even though some
mentioned the influencing effect of comor-
bidities, none explicitly analyzed the asso-
ciation of diabetes mellitus (DM) and OA.
Diabetic patients, however, are adversely
affected by severe musculoskeletal problems
such as bone fracture, joint pain, and OA.°
Courties and Sellam™ showed that DM
increases the progression and incidence of
OA. A recent meta-analysis revealed that the
increased BMI and weight of DM patients
are not responsible for the association
between DM and the development and pres-
ence of radiological and symptomatic OA."
Several diabetes-associated mechanisms
are proposed to increase pathophysiolog-
ical processes of OA. The assumption that
DM can also initiate OA led to the concept
of a diabetes-induced OA phenotype.” In
this concept, Berenbaum' described three
main mechanisms leading to degradation,
inflammation, and destabilization of the joint
structure, which induce and aggravate OA
processes. Hyperglycaemia was considered:
1) as the main trigger of joint degradation by
increasing the formation of advanced glyca-
tion endproducts (AGEs), which activates
chondrocytes and synoviocytes to produce

prodegradative and proinflammatory medi-
ators; 2) to provoke a low-grade systemic
inflammation that induces local joint inflam-
mation, aggravating OA processes in various
joint structures; and 3) to cause neuromus-
cular deficiencies, which destabilize the joint
and worsen OA.

Several  pathomechanisms  therefore
presumably contribute to the DM-induced
aggravation of OA processes. Under high
extracellular glucose concentrations, the
ability to control glucose uptake by downreg-
ulation of glucose transporters is impaired in
OA chondrocytes, resulting in accumulation
of glucose and higher reactive oxygen species
(ROS) production, which promote degenera-
tive changes and facilitate the progression of
OA.3 Hyperglycaemia leads to the accumu-
lation of AGEs in cells and tissues, inducing
oxidative stress and proinflammatory condi-
tions.™'s Zhang et al'® analyzed the level of
different AGEs in serum and synovial fluid
of 84 patients with knee OA, including 46
with DM and 38 without DM. They found no
significant difference in all analyzed AGEs in
serum between DM and non-DM patients,
but they could detect higher levels of meth-
ylglyoxal and free methylglyoxal-derived
hydroimidazolone in the synovial fluid of
OA-affected joints of DM patients.’® They
concluded that alterations in the phospha-
tidylcholine metabolism, leading to higher
production of AGEs in OA-affected joints of
DM patients, might be responsible for the
observed association between OA and DM.
Furthermore, AGEs induce inflammatory
pathways in human OA chondrocytes via
AGE receptor (RAGE) and toll-like receptor,
and enhance the production and release of
interleukin-6 (IL-6)."” Laiguillon et al® also
found an increased inflammatory response
of OA cartilage from DM patients compared
to non-DM patients. They detected a higher
release of IL-6 and prostaglandin E, (PGE,)
after interleukin-183 (IL-1B) stimulation of OA
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cartilage from DM patients. Furthermore, diabetic OA
patients have elevated levels of several matrix metallopro-
teinases, leading to increased degradation of cartilage.™

Only a few studies analyzed whether DM can really
induce OA. To analyze this, animal experiments are used
for ethical and practical reasons. Onur et al*® performed
an animal study to investigate whether DM can initiate
OA: DM rats showed a mild global degeneration of
cartilage in the knee joint, but no changes of the level
of type Il collagen. Since the DM rats had a higher body
mass compared to the control rats in this study, the
authors could not extrapolate whether the aspect of DM
or higher body mass predominantly contribute to the
osteoarthritic phenotype. Another study by Ribeiro et al*’
explored the impact of DM on experimentally induced
OA. Ten weeks after surgical induction of OA, DM mice
exhibited increased cartilage damage and inflammation
of the synovial tissue, which was reduced by activation
of autophagy. Surprisingly, the histological scores of
cartilage damage and synovial inflammation showed no
differences between DM mice and control mice without
experimentally induced OA.?'

Additionally, diabetic OA patients experienced more
severe osteoarthritic joint pain, especially for knee and
erosive hand OA.?>?* The review by Eitner et al?® summa-
rized several mechanisms which are generally involved in
OA pain, including local pathological processes, neuronal
alterations of pain processing, and systemic factors such
as DM and high BMI. The specific mechanism by which
DM induces or increases OA pain is under discussion. DM
can induce a low-grade systemic inflammation, which
can alter local joint processes leading to increased joint
pain. Indirect effects are also conceivable. The higher BMI
of DM patients could lead to a higher mechanical stress
on joint structures. Weiss’s study?® showed that patients
with a higher BMI experience more intense OA pain.
The innate immune system is also an important factor
influencing OA pain by production of algogenic factors,
which amplify the activation of sensory neurones.?” This
neuroimmune crosstalk occurs in the joint tissue, but
also in the dorsal root ganglia and spinal cord.?” Further,
methylglyoxal, which is increased in the synovial fluid
of DM patients,' can directly enhance the excitability
of nociceptive neurones.?® In recent years, only a few
studies have investigated the association between DM
and OA pain, revealing that diabetic OA patients have
stronger local inflammation in the OA-affected joints
with pronounced synovitis and higher concentration of
the pro-inflammatory cytokine IL-6 in the synovial fluid
compared with non-diabetic OA patients.?*** The grade
of synovitis was associated with the level of OA pain.*
Furthermore, increased IL-6 level can sensitize joint noci-
ceptors for other stimuli.?? A recently published study of a
large patient cohort revealed that increased OA pain is a
specific feature of DM, and not only a result of increased
OA progression or higher BMI.3® Thus, systemic, local,
and neuronal processes are impaired in OA patients with

DM, which have an influence on pain mechanisms in OA
joints.

In summary, the presented studies showed that DM is
an important factor that aggravates OA processes and OA
pain. Since the incidence of OA and DM increase in the
ageing population, there is an urgent need to increase
efforts to understand the interaction of DM and OA and
pain. Understanding the pathomechanisms leading
to DM-induced OA and OA pain is important to move
forward with the development of a personalized OA
therapy depending on the OA phenotype.
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