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Abstract
Osteoarthritis (OA) is a disease with systemic implications that go beyond joint problems. Its pathogenic mechanisms involve 
a variety of systemic conditions that contribute to joint damage. These include metabolic dysfunction, chronic low-grade 
inflammation, neuroplastic pain, and the influence of the central nervous system in the development of neuropathic pain. 
Besides, OA can negatively affect other aspects of health, such as quality of life, reduced physical activity, social isolation, 
depression, and anxiety. OA can be considered a complex system in which pathological interactions involve not only obe-
sity and metabolic dysfunction, but also fragility syndrome, sarcopenia, neurological complications, and systemic energy 
redistribution. Complex systems are composed of multiple interacting and dynamic parts and exhibit emergent properties 
that cannot be fully explained by examining their individual components. Chronic low-grade inflammation is characteristic 
of OA, occurring both in the affected joint, and systemically, mainly due to adipose tissue inflammation in obese patients. 
Obesity is a key factor in the progression of OA, so primary treatment should focus on its control, while maintaining muscle 
health. The chronic inflammation could lead to changes in energy distribution among the affected joint tissues. Therefore, OA 
should be approached as a systemic disease, considering individual patient factors, such as genetics, inflammatory response, 
and lifestyle. Medical care should be more holistic and personalized. Consideration of a name change, such as "systemic 
OA", could help to move away from the perception of a disease focused only on the joints.
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Introduction

If hypocrisy is the price to be paid for immoral behav-
ior, misguided labels often accompany a poor recognition 
of reality hindering desired progress. It is a saying that 
we should not attribute malice to what can be adequately 
explained by ignorance. However, is intentional ignorance 
justifiable? It is a fact that labeling a condition as osteoar-
thritis (OA), which is a progressive and continuous disorder 
characterized by a long pre-clinical stage, multiple risk fac-
tors that can follow various pathways, and a variety of mani-
festations and degrees of severity, has proven to be a signifi-
cant challenge [1]. Conversely, diseases with discontinuous 
phenotypes present distinct and well-defined profiles of 
clinical expression; however, this is not the case in OA [2]. 
The diversity of symptoms, severity levels, and individual 
variations throughout the prolonged course of the disease, 
along with its associated risk factors, make it challenging to 
establish clear-cut boundaries or rigid classifications. In fact, 
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quantitative genetics deals with the study of continuous phe-
notypes and posits the hypothesis that hundreds of genes are 
involved in phenotype variability. Each mutation only con-
tributes a small effect to the expression of the disease [3, 4].

In this sense, OA is a disease with broader systemic 
implications beyond just joint problems, since its patho-
genic mechanisms involve various systemic conditions 
leading to articular damage. These include the components 
of metabolic syndrome, such as obesity, type 2 diabetes, 
hypercholesterolemia, and other conditions associated with 
obesity, alongside chronic low-grade inflammation [5–7], 

neuroplastic pain [8, 9], and the involvement of the cen-
tral nervous system in the development of neuropathic pain 
(Fig. 1). OA shares common mechanisms with primary 
sarcopenia, and when both diseases coincide, the prognosis 
substantially worsens [10]. In addition, OA can also have 
systemic effects on other aspects of an individual’s health. 
For example, chronic pain and disability associated with 
OA can lead to decreased physical activity, social isolation, 
depression, or anxiety and decreased quality of life [11–13] 
(Fig. 1). All of this leads to an increase in cardiovascular-
related morbidity and mortality [14–16]. Most of these 

Fig. 1  The intricacy of OA becomes more apparent when we relate 
it to the concept of a complex system. In fact, it can involve inter-
woven pathological interactions, encompassing not only obesity and 
related metabolic dysfunction but also frailty syndrome, sarcopenia, 
neurological complications, systemic energy redistribution, and oth-

ers. These components and their interactions are in a constant state 
of flux. The whole exceeds the knowledge that we have of its parts. 
Moreover, when we analyze each element in isolation from the rest of 
the system, the inherent complexity of the entire system can dissipate, 
and the global entity disappears
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risk factors also show a continuous, sometimes reversible 
spectrum.

The chronic inflammation characteristic of OA has been 
related to the activation of innate immunity in chondrocytes, 
which is driven by a robust activation of NF-κB, MAPK, 
and PI3K (phosphoinositide 3-kinase) pathways, resulting in 
significant production of pro-inflammatory cytokines, tissue-
degrading enzymes, and inflammasome components [17]. It 
is well known that an excess of glucose and/or lipids, as well 
as the presence of microcrystals, contribute to this process 
[18, 19]. It is important to note that all of them converge on 
the same intracellular pro-inflammatory molecular signal-
ing pathways [17]. In turn, the inflammatory process affects 
the synovium even before the degradation of the cartilage 
begins [20, 21]. Indeed, synovitis can manifest in the ini-
tial stages of OA and predict its development [21]. Finally, 
the osteochondral unit dynamically increases subchondral 
bone remodeling, resulting in sclerosis. Some authors sug-
gest that in cases of generalized osteoporosis and hormonal 
changes during menopause, subchondral bone may experi-
ence an opposite effect, leading to subsequent subchondral 
bone osteoporosis, which can also accelerate OA progres-
sion [22]. In summary, while OA primarily affects the joints 
during its clinical course, complex pathological interactions 
involving systemic risk factors can occur even before the 
symptomatic phase.

At this point, it would be useful to differentiate between 
what is a complicated structure and a complex system, and 
then determine which concept best applies to OA. We could 
characterize a complicated structure as one in which there 
are multiple interrelated components that interact in a pre-
dictable manner and follow deterministic rules. In other 
words, the function is the strict sum of its parts [23]. How-
ever, there are phenomena that cannot be explained by their 
simple components. For instance, the basic molecule of 
water is H–O–H, but water unique properties emerge from 
different and changing interactions between groups of these 
molecules. The essence of water is H–O–H, but the quality 
of water is different from that of its molecule.

Likewise, we believe that OA cannot be fully explained 
by a single narrative or explanation, such as when it is 
described as a joint organ disease. The intricacy of the dis-
ease can be better understood by aligning it with the concept 
of a complex system. Indeed, it may encompass intricate 
pathological interactions, involving not only obesity and 
related metabolic dysfunction but also frailty syndrome, sar-
copenia, neurological complications, and systemic energy 
redistribution (Fig. 1). A complex system can be defined 
as a set of elements that form a whole and carry out a func-
tion. The components and their interactions are dynamic. 
The whole exceeds the knowledge that we have of its parts. 
Complex systems, including biological systems, are com-
posed of multiple interacting parts and exhibit emergent 

properties that cannot be fully explained by examining indi-
vidual components in isolation [23]. Furthermore, analysis 
which studies each element by isolating it from the rest of 
the system causes the inherent complexity of the system 
to vanish, and the global entity disappears. Thus, although 
pre-clinical data suggest that very high cholesterol levels 
can directly worsen the progression of OA; some clinical 
studies in humans seems to suggest that the contribution of 
hypercholesterolemia to the progression of OA is not inde-
pendent of the effect of obesity [24]. Consequently, when we 
attempt to develop categorical subgroups, and try to assess 
how much each component contributes to the overall system 
behavior, we could distort the essence of the disease. This 
phrase refers to the challenge of precisely describing a con-
dition or state that exists on a continuous spectrum, using 
discrete or categorical terms.

Chronic inflammation of body fat tissue has been shown 
to be a key factor in the progression of OA. The elevated 
serum concentration of adipokines and other inflammatory 
mediators synthesized by the fat tissue in obese or over-
weight individuals is mainly responsible for the individual’s 
systemic inflammation [25, 26]. What is poorly described 
is whether body obesity is reflected in an increase of intra-
synovial adipose tissue, or the effect of obesity in the inflam-
matory profile of intra-synovial adipocytes [27]. Indeed, the 
quantity and function of fatty tissue in the joint is still not 
fully understood [27].

Meanwhile, systemic and joint inflammation could lead 
to an intra-articular energy redistribution in the three tissues 
most affected by the disease: cartilage, synovium, and sub-
chondral bone. Let us note that the nutrients for the cartilage 
are derived from subchondral and synovial vascularization. 
In this sense, it is possible that a redistribution of energy 
among the tissues may have a more detrimental impact on 
the cartilage, as the synovium becomes inflamed, consum-
ing significant amounts of energy, and the subchondral bone 
undergoes a pro-anabolic sclerosis process. This particular 
situation does not occur in other organs of the body. In the 
cartilage, various metabolic pathways related to energy 
generation are altered. OA chondrocytes show mitochon-
drial impairment in which mitochondrial ATP generation is 
reduced, while the glycolytic pathway is activated [28–30]. 
In line with these data, different alterations in nutrient sen-
sor pathways and glucose and insulin metabolism have been 
described in OA cartilage without fully understanding its 
consequences in an anaerobic cell such as the chondrocyte 
[29, 31–33]. Furthermore, the decrease in the expression 
of AMPK, a key enzyme in cellular ATP generation, was 
accompanied by an increase in its expression in the periph-
eral blood cells of the patients [29, 34]. These findings 
suggest that not only a shift in systemic energy distribu-
tion might intensify the cartilage damage, but there can also 
be a similar energetic distribution in the three joint tissues. 
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Overall, it can be accurately stated that obesity impacts the 
progression of most diseases, although not uniformly [5]. 
In fact, for some of these conditions, the primary treatment 
approach is not typically centered on its management, as 
observed in RA. By contrast, in OA, the primary therapy 
should be focused on managing obesity and maintaining 
muscle health.

The basic element in OA is not the cartilage nor the joint, 
but the whole patient. Factors, such as the patient’s genetics 
related to pain expression, obesity, inflammatory response, 
bone metabolism, muscle strength, exercise, overloading 
activities, lifestyle, and environment, can all play a role in 
the development and progression of OA, and individual 
patient factors can influence the effectiveness of different 
treatments. By acknowledging the significance of a compre-
hensive patient-centered approach in the development and 
management of OA, healthcare providers can develop more 
personalized and effective treatment plans that address the 
individual needs and circumstances of each patient.

Undoubtedly, OA is essentially a systemic medical con-
dition, treated by specialists who often do not assess the 
patient holistically. In this way, all patients in their earlier 
stages, as well as those with advanced OA deemed unsuit-
able for surgery, would receive a more accurate approach 
in rheumatology consultations. Meanwhile, patients exclu-
sively linked to a mechanical/traumatic cause would derive 
greater benefit from an assessment conducted by ortho-
pedic surgery. It is important to convey to our colleagues 
who are beginning their training the essential role that 
rheumatologists play in treating these patients. We must 
remind them that we are internists and not joint specialists.

Despite the diversity in the clinical expression of OA, 
recognizing it as a disease of continuous nature is crucial 
for providing personalized and effective healthcare. Would 
not it be time to consider a name change that would enable 
us to move away from the primarily joint-focused percep-
tion of the disease, and understand it as an essential addi-
tion to the obesity/metabolic-senescent framework? For 
example: systemic osteoarthritis.

Author contributions All authors have contributed to the conception 
of this manuscript. The first draft of the manuscript was written by 
GHB and RL and all authors commented on previous versions of the 
manuscript. All authors read and approved the final manuscript.

Funding This study was supported by research grants from the Insti-
tuto de Salud Carlos III (PI20/00349; PI22/00352), co-funded by the 
European Union.

Data availability Data sharing is not applicable to this article.

Declarations 

Competing interests The authors declare no competing interests.

Conflict of interest No author has any competing interests to declare.

Ethical approval Not applicable.

Consent to participate Not applicable.

Consent for publication Not applicable.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Castañeda S, Roman-Blas JA, Largo R et al (2014) Osteoarthri-
tis: a progressive disease with changing phenotypes. Rheumatol 
(Oxford) 53:1–3. https:// doi. org/ 10. 1093/ rheum atolo gy/ ket247

 2. Bierma-Zeinstra SM, Van Middelkoop M (2017) Osteoarthritis: 
In search of phenotypes. Nat Rev Rheumatol 13:705–706. https:// 
doi. org/ 10. 1038/ NRRHE UM. 2017. 181

 3. Aubourg G, Rice SJ, Bruce-Wootton P et al (2022) Genetics of 
osteoarthritis. Osteoarthrit Cartil 30:636–649. https:// doi. org/ 10. 
1016/J. JOCA. 2021. 03. 002

 4. Loughlin J (2022) Translating osteoarthritis genetics research: 
challenging times ahead. Trends Mol Med 28:176–182. https:// 
doi. org/ 10. 1016/J. MOLMED. 2021. 12. 007

 5. Batushansky A, Zhu S, Komaravolu RK et al (2022) Fundamentals 
of OA. an initiative of osteoarthritis and cartilage. obesity and 
metabolic factors in OA. Osteoarthrit Cartil 30:501–515. https:// 
doi. org/ 10. 1016/J. JOCA. 2021. 06. 013

 6. Mobasheri A, Rayman MP, Gualillo O et al (2017) The role of 
metabolism in the pathogenesis of osteoarthritis. Nat Rev Rheu-
matol. https:// doi. org/ 10. 1038/ nrrhe um. 2017. 50

 7. Long H, Cao R, Yin H et al (2023) Associations between obe-
sity, diabetes mellitus, and cardiovascular disease with progres-
sion states of knee osteoarthritis (KOA). Aging Clin Exp Res 
35:333–340. https:// doi. org/ 10. 1007/ S40520- 022- 02312-8

 8. Fu K, Robbins SR, McDougall JJ (2018) Osteoarthritis: the gen-
esis of pain. Rheumatology (Oxford). https:// doi. org/ 10. 1093/ 
RHEUM ATOLO GY/ KEX419

 9. O’Neill TW, Parkes MJM, Maricar N et al (2016) Synovial tis-
sue volume: a treatment target in knee osteoarthritis (OA). Ann 
Rheum Dis. https:// doi. org/ 10. 1136/ annrh eumdis- 2014- 206927

 10. Berenbaum F, Griffin TM, Liu-Bryan R (2017) Review: metabolic 
regulation of inflammation in osteoarthritis. Arthr and Rheumatol 
69:9–21

 11. Dell’Isola A, Pihl K, Turkiewicz A et al (2022) Risk of comorbidi-
ties following physician-diagnosed knee or hip osteoarthritis: a 
register-based cohort study. Arthr Care Res (Hoboken) 74:1689–
1695. https:// doi. org/ 10. 1002/ ACR. 24717

 12. Fonseca-Rodrigues D, Rodrigues A, Martins T et al (2021) Cor-
relation between pain severity and levels of anxiety and depression 
in osteoarthritis patients: a systematic review and meta-analysis. 
Rheumatol (Oxford) 61:53–75. https:// doi. org/ 10. 1093/ RHEUM 
ATOLO GY/ KEAB5 12

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/rheumatology/ket247
https://doi.org/10.1038/NRRHEUM.2017.181
https://doi.org/10.1038/NRRHEUM.2017.181
https://doi.org/10.1016/J.JOCA.2021.03.002
https://doi.org/10.1016/J.JOCA.2021.03.002
https://doi.org/10.1016/J.MOLMED.2021.12.007
https://doi.org/10.1016/J.MOLMED.2021.12.007
https://doi.org/10.1016/J.JOCA.2021.06.013
https://doi.org/10.1016/J.JOCA.2021.06.013
https://doi.org/10.1038/nrrheum.2017.50
https://doi.org/10.1007/S40520-022-02312-8
https://doi.org/10.1093/RHEUMATOLOGY/KEX419
https://doi.org/10.1093/RHEUMATOLOGY/KEX419
https://doi.org/10.1136/annrheumdis-2014-206927
https://doi.org/10.1002/ACR.24717
https://doi.org/10.1093/RHEUMATOLOGY/KEAB512
https://doi.org/10.1093/RHEUMATOLOGY/KEAB512


Aging Clinical and Experimental Research           (2024) 36:45  Page 5 of 5    45 

 13. Veronese N, Honvo G, Bruyère O et al (2023) Knee osteoarthritis 
and adverse health outcomes: an umbrella review of meta-analyses 
of observational studies. Aging Clin Exp Res 35:245–252. https:// 
doi. org/ 10. 1007/ S40520- 022- 02289-4

 14. Veronese N, Stubbs B, Solmi M et  al (2018) Osteoarthristis 
increases the risk of cardiovascular disease: data from the osteo-
arthritis initiative. J Nutr Health Aging 22:371–376. https:// doi. 
org/ 10. 1007/ S12603- 017- 0941-0

 15. Perruccio AV, Zahid S, Yip C et al (2023) Cardiovascular Risk 
Profile and Osteoarthritis-Considering Sex and Multisite Joint 
Involvement: A Canadian Longitudinal Study on Aging. Arthr 
Care Res (Hoboken) 75:893–901. https:// doi. org/ 10. 1002/ ACR. 
24826

 16. Leyland KM, Gates LS, Sanchez-Santos MT et al (2021) Knee 
osteoarthritis and time-to all-cause mortality in six community-
based cohorts: an international meta-analysis of individual par-
ticipant-level data. Aging Clin Exp Res 33:529–545. https:// doi. 
org/ 10. 1007/ S40520- 020- 01762-2

 17. Herrero-Beaumont G, Pérez-Baos S, Sánchez-Pernaute O et al 
(2019) Targeting chronic innate inflammatory pathways, the main 
road to prevention of osteoarthritis progression. Biochem Phar-
macol 165:24–32. https:// doi. org/ 10. 1016/j. bcp. 2019. 02. 030

 18. Li K, Ji X, Seeley R et al (2022) Impaired glucose metabolism 
underlies articular cartilage degeneration in osteoarthritis. FASEB 
J. https:// doi. org/ 10. 1096/ FJ. 20220 0485R

 19. Stücker S, Bollmann M, Garbers C et al (2021) The role of cal-
cium crystals and their effect on osteoarthritis pathogenesis. Best 
Pract Res Clin Rheumatol. https:// doi. org/ 10. 1016/J. BERH. 2021. 
101722

 20. Atukorala I, Kwoh CKC, Guermazi A et al (2016) Synovitis in 
knee osteoarthritis: a precursor of disease? Ann Rheum Dis. 
https:// doi. org/ 10. 1136/ annrh eumdis- 2014- 205894

 21. Sanchez-Lopez E, Coras R, Torres A et al (2022) Synovial inflam-
mation in osteoarthritis progression. Nat Rev Rheumatol. https:// 
doi. org/ 10. 1038/ s41584- 022- 00749-9

 22. Roman-Blas JA, Castañeda S, Largo R et al (2009) Osteoarthritis 
associated with estrogen deficiency. Arthritis research therapy 
11:241

 23. Cilliers P (1998) Complexity and Postmodernism, ISBN 0-415-
15286-0. Routledge, London

 24. Niu J, Clancy M, Aliabadi P et al (2017) Metabolic syndrome, its 
components, and knee osteoarthritis: the framingham osteoarthri-
tis study. Arthr and Rheumatol 69:1194–1203

 25. Thijssen E, Van Caam A, Van Der Kraan PM (2015) Obesity 
and osteoarthritis, more than just wear and tear: pivotal roles for 

inflamed adipose tissue and dyslipidaemia in obesity-induced 
osteoarthritis. Rheumatol (Oxford). https:// doi. org/ 10. 1093/ 
RHEUM ATOLO GY/ KEU464

 26. Collins KH, Lenz KL, Pollitt EN et al (2021) Adipose tissue is 
a critical regulator of osteoarthritis. Proc Natl Acad Sci U S A. 
https:// doi. org/ 10. 1073/ pnas. 20210 96118

 27. Harasymowicz NS, Clement ND, Azfer A et al (2017) Regional 
differences between perisynovial and infrapatellar adipose tis-
sue depots and their response to class II and class III obesity in 
patients With osteoarthritis. Arthr and Rheumatol 69:1396–1406. 
https:// doi. org/ 10. 1002/ art. 40102

 28. Liu-Bryan R, Terkeltaub R (2014) Emerging regulators of the 
inflammatory process in osteoarthritis. Nat Rev Rheumatol. 
https:// doi. org/ 10. 1038/ nrrhe um. 2014. 162

 29. Tchetina EV, Markova GA (2018) Regulation of energy metabo-
lism in the growth plate and osteoarthritic chondrocytes. Rheu-
matol Int 38:1963–1974

 30. Gratal P, Lamuedra A, Medina JP et al (2020) Purinergic system 
signaling in metainflammation-associated osteoarthritis. Front 
Med (Lausanne). https:// doi. org/ 10. 3389/ FMED. 2020. 00506

 31. Largo R, Tardío L, Andrés-Bergós J et al (2012) Study of the 
O-linked-N-acetyl-glucosaminylation of proteins induced by 
high doses of glucosamine and its correlation with osteoarthritis 
progression. Osteoarthr Cartil 20:S126. https:// doi. org/ 10. 1016/j. 
joca. 2012. 02. 160

 32. Herrero-Beaumont G, Largo R (2020) Glucosamine and O-Glc-
NAcylation: a novel immunometabolic therapeutic target for OA 
and chronic, low-grade systemic inflammation? Ann Rheum Dis 
79:1261–1263. https:// doi. org/ 10. 1136/ annrh eumdis- 2020- 217454

 33. Rosa SC, Rufino AT, Judas F et al (2011) Expression and func-
tion of the insulin receptor in normal and osteoarthritic human 
chondrocytes: modulation of anabolic gene expression, glucose 
transport and GLUT-1 content by insulin. Osteoarthr Cartil 
19:719–727. https:// doi. org/ 10. 1016/J. JOCA. 2011. 02. 004

 34. Tchetina EV, Markova GA, Poole AR et al (2016) Deferoxam-
ine suppresses collagen cleavage and protease, cytokine, and 
COL10A1 expression and upregulates ampk and krebs cycle genes 
in human osteoarthritic cartilage. Int J Rheumatol. https:// doi. org/ 
10. 1155/ 2016/ 64328 67

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/S40520-022-02289-4
https://doi.org/10.1007/S40520-022-02289-4
https://doi.org/10.1007/S12603-017-0941-0
https://doi.org/10.1007/S12603-017-0941-0
https://doi.org/10.1002/ACR.24826
https://doi.org/10.1002/ACR.24826
https://doi.org/10.1007/S40520-020-01762-2
https://doi.org/10.1007/S40520-020-01762-2
https://doi.org/10.1016/j.bcp.2019.02.030
https://doi.org/10.1096/FJ.202200485R
https://doi.org/10.1016/J.BERH.2021.101722
https://doi.org/10.1016/J.BERH.2021.101722
https://doi.org/10.1136/annrheumdis-2014-205894
https://doi.org/10.1038/s41584-022-00749-9
https://doi.org/10.1038/s41584-022-00749-9
https://doi.org/10.1093/RHEUMATOLOGY/KEU464
https://doi.org/10.1093/RHEUMATOLOGY/KEU464
https://doi.org/10.1073/pnas.2021096118
https://doi.org/10.1002/art.40102
https://doi.org/10.1038/nrrheum.2014.162
https://doi.org/10.3389/FMED.2020.00506
https://doi.org/10.1016/j.joca.2012.02.160
https://doi.org/10.1016/j.joca.2012.02.160
https://doi.org/10.1136/annrheumdis-2020-217454
https://doi.org/10.1016/J.JOCA.2011.02.004
https://doi.org/10.1155/2016/6432867
https://doi.org/10.1155/2016/6432867

	Systemic osteoarthritis: the difficulty of categorically naming a continuous condition
	Abstract
	Introduction
	References


