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Pre-arthritis: a concept whose time has come
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‘The time has come to make the 
topic of pre-arthritis a major item 
on the research agenda of the 

current decade.’

Rheumatoid arthritis (RA) is characterized by
synovial inflammation and the destruction of
bone and cartilage. Joint destruction is brought
about primarily by the differentiation and
increased activation of osteoclasts [1–4], which is
dependent on the presence of various
cytokines [5]. Among these cytokines tumor
necrosis factor (TNF)-α, a pivotal mediator of
RA [6,7], plays an important role in the genera-
tion of osteoclasts [8], and, in fact, expression of
TNF-α in the joint is much higher in RA, when
compared with other forms of arthritis [9–11].

With the advent of novel treatment strategies
and therapies [12,13], RA has lost a great deal of its
adverse effects, such as the relentless progression
of disability and premature death. Similarly,
extra-articular diseases, such as vasculitis or
amyloidosis, have become rare within the last
decade. Major progress has occurred with the
insight that diagnosis and specific therapy have
to be effected in the early stages of disease [14–16]

and modified consequently by setting low disease
activity as the therapeutic goal [13,17].

Current trends, which are governed by the
success of such treatment strategies, have mean-
while moved towards even more ambitious end
points: remission is the current ultimate thera-
peutic aim, although this has not been seen in
more than 10–15% of patients in recent clinical
trials, if stringent rather than soft end points are
used [18–21]. Such stringent criteria are, however,
needed if we ever want to achieve a state of min-
imal or no disease activity. Such criteria will also
be needed to monitor the absence of disease
activity in patients off treatment, a common sit-
uation in other diseases. Although the ultimate
goal of a cure is not yet in sight for most patients
with RA, it appears to be getting nearer, for some
of them at least.

Currently, predictive indicators for general
therapeutic response, remission in particular, are
missing. It has been widely established, however,

that patients bearing certain markers fare worse
than those without these characteristics, also
indicating greater resistance to achieving reversal
of synovitis. These markers comprise autoanti-
bodies such as rheumatoid factor (RF) [22,23] and
the recently described antibodies to citrullinated
peptides (anti-CCP) [23,24], high acute-phase
reactant levels [18,25,26] and genetic factors [27,28].
Van der Helm-van Mil and Huizinga have sum-
marized some facets of the association of RA and
RA severity with genetic background and
autoimmune response [29].

A hallmark of RA is symmetric joint swelling
due to the underlying synovitis. The synovial
cellular infiltrate, which comprises an accumula-
tion of macrophage-like cells and fibroblasts, as
well as activated T cells and autoantibody-
producing B-lineage cells, is not pathognomonic
for RA. Interestingly, cellular infiltration of the
synovial membrane may be found in RA in the
absence of any joint pain or swelling [30]. How-
ever, it is not known how long such inflamma-
tory changes antedate the evolution of RA
symptoms. Importantly, even the development
of bone erosion might precede the manifestation
of signs and symptoms, as indicated by the pres-
ence of radiographic changes in patients with
very short duration of arthritis [31]. In fact, in
experimental arthritis, activated osteoclasts are
found in the joints, even at a time when clinical
signs are still absent [Unpublished Data]. All these
data, in conjunction with the high propensity
and rapidity of erosive disease and the potential
to reverse RA from destructive to nondestructive
arthritis by TNF blockade [32], presumably
by reducing TNF levels below a threshold
concentration promoting osteoclastogenesis [8],
support the concept of an ‘osteoclastocentric’
nature of RA.

Synovial inflammation is not the only abnor-
mality preceding the clinical commencement of
RA; autoantibodies frequently antedate the
appearance of first symptoms. This has long been
established for RF [33] and also recently shown for
anti-CCP [34,35]; likewise it may be true for other
autoantibodies, such as anti-RA33 [36]. Moreover,
elevations of acute-phase reactant levels have also
been found to foreshadow RA [37]. However,
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previous studies have analyzed RA patients retro-
spectively, and the incidence of RA in healthy
individuals who carry one or more of the men-
tioned autoantibodies is unknown. Prospective
epidemiological studies will be needed to better
understand the consequences of their occurrence.
To this end, autoantibody-positive healthy per-
sons will have to be studied for the frequency of
subsequent development of RA, as well as the
potential return to an autoantibody-negative
state. After all, autoimmunity does not necessar-
ily translate into autoimmune disease [38];
autoantibodies may occur transiently in appar-
ently healthy individuals and often in the context
of transitory infections [39–41]. In such a context,
one has to bear in mind that RA has been linked
to certain pathogens [42], although a causative role
has so far not been unambiguously assigned to
any single infectious agent. Nevertheless, the long
period of clinical silence associated with the per-
sistence of autoantibodies before the occurrence
of clinical symptoms of arthritis might be related
to a slow infection – or a combination of etiolog-
ical agents. In any case, the current evidence for
autoimmunity, local inflammatory changes and
increases in acute phase reactants (signifying sys-
temic inflammation) at a preclinical stage sug-
gests that these changes constitute harbingers of
RA, implying a state of ‘pre-arthritis’. This state is
apparently frequent in individuals who will
develop RA, although variable in length.

The existence of a pre-arthritic, clinically qui-
escent stage of RA has several implications. First,
it is the point in time that should be used to
search for the cause of RA; the start of the
autoimmune and/or inflammatory response
might be associated with potential etiological
agents. Second, once prospective epidemiologi-
cal data confirm a high risk for patients with cer-
tain characteristic features to develop RA, ‘latent
RA’ could become a standard diagnosis. Third,
such diagnosis will demand the design of thera-
peutic strategies to interfere with and reverse the
incipient immunoinflammatory cascade, in

order to treat the disease before it occurs – to
prevent its clinical appearance and consequences.
Therapy at that point in time could span a wide
range of theoretical interventions, from disease-
modifying antirheumatic drugs or gluco-
corticoids, to vaccination strategies. Clearly, eth-
ical considerations (such as treating someone
who is still healthy) will have to be weighed
against the potential benefit.

‘Current trends, which are governed by 
the success of such treatment strategies, 
have meanwhile moved towards even 

more ambitious end points...’

The era of treating pre-arthritis is still distant
(and may never occur). Nevertheless, we need to
face the concept of the prevention of arthritis.
It is satisfying that rheumatologists have realized
the importance of early therapeutic intervention
to, at the very least, prevent the establish-
ment of chronic, persistent and destructive
arthritis [43–48]. Such interventions will have to
include treating arthritis intensively, even if a
clear diagnosis has not yet been made [49–51].
Importantly however, despite a high success rate,
even very early disease-modifying antirheumatic
drug therapy does not prevent the evolution of
persistent disease in a significant proportion of
patients [16,52]. These insights, in conjunction
with our current inability to cure RA once it is
established, necessitate the need to progress from
trying to prevent disease sequalae to trying to pre-
vent disease occurrence. Inherent to this concep-
tual change of approaching RA is the shift from
the diagnosis of arthritis to screening for harbin-
gers of arthritis. This will bring the concept of
pre-arthritis to life and allow the development of
strategies to prevent disease.

The time has come to make the topic of pre-
arthritis a major item on the research agenda of the
current decade. The insights obtained from clini-
cal and basic sciences have been so rapid over the
last few years that the issue can be easily addressed.

Bibliography
1. Gravallese EM, Harada Y, Wang JT, 

Gorn AH, Thornhill TS, Goldring SR: 
Identification of cell types responsible for 
bone resorption in rheumatoid arthritis 
and juvenile rheumatoid arthritis. Am. J. 
Pathol. 152, 943–951 (1998).

2. Pettit AR, Ji H, von Stechow D et al.: 
TRANCE/RANKL knockout mice are 
protected from bone erosion in a serum 

transfer model of arthritis. Am. J. Pathol. 
159(5), 1689–1699 (2001).

3. Redlich K, Hayer S, Maier A et al.: Tumor 
necrosis factor α-mediated joint 
destruction is inhibited by targeting 
osteoclasts with osteoprotegerin. Arthritis 
Rheum. 46, 785–792 (2002).

4. Redlich K, Hayer S, Ricci R et al.: 
Osteoclasts are essential for TNF-α-
mediated joint destruction. J. Clin. Invest. 
110(10), 1419–1427 (2002).

5. Teitelbaum SL: Bone resorption by 
osteoclasts. Science 289, 1504–1508 
(2000).

6. Feldmann M, Brennan FM, Foxwell BM, 
Maini RN: The role of TNF α and IL-1 in 
rheumatoid arthritis. Curr. Dir. 
Autoimmun. 3, 188–199 (2001).

7. Firestein GS: Evolving concepts of 
rheumatoid arthritis. Nature 423, 356–361 
(2003).



www.futuremedicine.com 3

Pre-arthritis: a concept whose time has come – EDITORIAL

8. Lam J, Takeshita S, Barker JE, Kanagawa 
O, Ross FP, Teitelbaum SL: TNF-α induces 
osteoclastogenesis by direct stimulation of 
macrophages exposed to permissive levels 
of RANK ligand. J. Clin. Invest. 
106, 1481–1488 (2000).

9. Firestein GS, Alvaro-Gracia JM, Maki R: 
Quantitative analysis of cytokine gene 
expression in rheumatoid arthritis. 
J. Immunol. 144, 3347–3353 (1990).

10. Feldmann M, Brennan FM, Maini RN: 
Role of cytokines in rheumatoid arthritis. 
Annu. Rev. Immunol. 14, 397–440 (1996).

11. Partsch G, Steiner G, Leeb BF, Dunky A, 
Broll H, Smolen JS: Highly increased levels 
of tumor necrosis factor-α and other pro-
inflammatory cytokines in psoriatic
arthritis synovial fluid. J. Rheumatol. 
24, 518–523 (1997).

12. Weinblatt ME: Rheumatoid arthritis in 
2003: where are we now with treatment? 
Ann. Rheum. Dis. 62(Suppl. 2), ii94–ii96 
(2003).

13. Smolen JS, Sokka T, Pincus T, 
Breedveld FC: A proposed treatment 
algorithm for rheumatoid arthritis: 
aggressive therapy, methotrexate, and 
quantitative measures. Clin. Exp. 
Rheumatol. 21(Suppl. 31), S209–S210 
(2003).

14. van der Heide A, Jacobs JW, Bijlsma JW 
et al.: The effectiveness of early treatment 
with ‘second-line’ antirheumatic drugs. A 
randomized, controlled trial. Ann. Intern. 
Med. 124(8), 699–707 (1996).

15. Lard LR, Visser H, Speyer I et al.: Early 
versus delayed treatment in patients with 
recent-onset rheumatoid arthritis: 
comparison of two cohorts who received 
different treatment strategies. Am. J. Med. 
111, 446–451 (2001).

16. Nell V, Machold KP, Eberl G, Stamm TA, 
Uffmann M, Smolen JS: Benefit of very 
early referral and very early therapy with 
disease-modifying antirheumatic drugs in 
patients with early rheumatoid arthritis. 
Rheumatology 43, 906–914 (2004).

17. Grigor C, Capell H, Stirling A et al.: Effect 
of a treatment strategy of tight control for 
rheumatoid arthritis (the TICORA study): 
a single-blind randomised controlled trial. 
Lancet 364, 263–269 (2004).

18. Aletaha D, Nell VPK, Stamm T et al.: 
Acute phase reactants add little to 
composite disease activity indices for 
rheumatoid arthritis: validation of a clinical 
activity score. Arthritis Res. 7, R796–R806 
(2005).

19. Aletaha D, Ward MM, Machold KP, 
Nell VPK, Stamm T, Smolen JS: Remission 

and active disease in rheumatoid arthritis: 
defining criteria for disease activity states. 
Arthritis Rheum. 52, 2625–2636 (2005).

20. Mäkinen H, Kautiainen H, Hannonen P, 
Sokka T: Is DAS28 an appropriate tool to 
assess remission in rheumatoid arthritis? 
Ann. Rheum. Dis. (Epub ahead of print) 
doi:10.1136/ard.2005.037333 (2005).

21. Redlich K, Schett G, Steiner G, Hayer S, 
Wagner EF, Smolen JS: Rheumatoid 
arthritis therapy after tumor necrosis factor 
and interleukin-1 blockade. Arthritis 
Rheum.  48, 3308–3319 (2003).

22. Scott DL, Symmons DP, Coulton BL, 
Popert AJ: Long-term outcome of treating 
rheumatoid arthritis: results after 20 years. 
Lancet 1(8542), 1108–1111 (1987).

23. Nell V, Machold KP, Stamm TA et al.: 
Autoantibody profiling as early diagnostic 
and prognostic tool for rheumatoid 
arthritis. Ann. Rheum. Dis. 64, 1731–1736 
(2005).

24. van Gaalen FA, van Aken J, Huizinga TW 
et al.: Association between HLA class II 
genes and autoantibodies to cyclic 
citrullinated peptides (CCPs) influences 
the severity of rheumatoid arthritis. 
Arthritis Rheum. 50, 2113–2121 (2004).

25. van Leeuwen MA, van Rijswijk MH, 
Sluiter WJ et al.: Individual relationship 
between progression of radiological damage 
and the acute phase response in early 
rheumatoid arthritis. Towards development 
of a decision support system. J. Rheumatol.  
24(1), 20–27 (1997).

26. Smolen JS, van der Heijde D, St Clair EW 
et al.: Predictors of joint damage in patients 
with early rheumatoid arthritis treated with 
high-dose methotrexate without or with 
concomitant infliximab: Results from the 
ASPIRE trial. Arthritis Rheum. (In Press) 
(2005).

27. Gregersen PK, Silver J, Winchester RJ: The 
shared epitope hypothesis: an approach to 
understanding the molecular genetics of 
susceptibility to rheumatoid arthritis. 
Arthritis Rheum. 30, 1205–1213 (1987).

28. Gregersen PK: Pathways to gene 
identification in rheumatoid arthritis: 
PTPN22 and beyond. Immunol. Rev. 
204, 74–86 (2005).

29. van der Helm-van Mil AHM, 
Huizinga TWJ: Genetics and clinical 
characteristics to predict rheumatoid 
arthritis. Where are we now and what are 
the future prospects? Future Rheumatol. 
1(1) 79–89 (2005).

30. Kraan MC, Versendaal H, Jonker M et al.: 
Asymptomatic synovitis precedes clinically 

manifest arthritis. Arthritis Rheum. 
41, 1481–1488 (1998).

31. Machold KP, Stamm TA, Eberl GJM et al.: 
Very recent onset arthritis – clinical, 
laboratory and radiological findings during 
the first year of disease. J. Rheumatol. 
29, 2278–2287 (2002).

32. Smolen JS, Han C, Bala M et al.: Evidence 
of radiographic benefit of infliximab plus 
methotrexate in rheumatoid arthritis 
patients who had no clinical improvement: 
a detailed subanalysis of the ATTRACT 
trial. Arthritis Rheum. 52(4), 1020–1030 
(2005).

33. Aho K, Heliovaara M, Maatela J, Tuomi T, 
Palusuo T: Rheumatoid factors antedating 
clinical rheumatoid arthritis. J. Rheumatol. 
18, 1282–1284 (1991).

34. Nielen MM, van Schaardenburg, 
Reesink WH et al.: Specific autoantibodies 
precede the symptoms of rheumatoid 
arthritis: a study of serial measurements in 
blood donors. Arthritis Rheum. 
50(2), 380–386 (2004).

35. Rantapaa-Dahlqvist S, de Jong BA, 
Berglin E et al.: Antibodies against cyclic 
citrullinated peptide and IgA rheumatoid 
factor predict the development of 
rheumatoid arthritis. Arthritis Rheum. 
48, 2741–2749 (2003).

36. Aho K, Steiner G, Kurki P et al.: AntiRA 
33 as a marker antibody of rheumatoid 
arthritis in a Finnish population. Clin. Exp. 
Rheumatol. 11, 645–647 (1993).

37. Nielen MJ, van Schaardenburg D, 
Reesink HW et al.: Increased levels of C-
reactive protein in serum from blood 
donors before the onset of rheumatid 
arthritis. Arthritis Rheum. 50, 2423–2427 
(2004).

38. Rose NR: Mechanisms of autoimmunity. 
Semin. Liver Dis. 22, 387–394 (2002).

39. Lind K, Hoyer-Madsen M, Wiik A: 
Autoantibodies to the mitotic spindle 
apparatus in Mycoplasma pneumoniae 
disease. Infect. Immun. 56, 714–715 
(1988).

40. Mizutani H, Mizutani H: Immunoglobulin 
M rheumatoid factor in patients with 
mycoplasmal pneumonia. Am. Rev. Respir. 
Dis. 134, 1237–1240 (1986).

41. Salonen EM, Vaheri A, Suni J, Wager O: 
Rheumatoid factor in acute viral infections: 
interference with determination of IgM, 
IgG, and IgA antibodies in an enzyme 
immunoassay. J. Infect. Dis. 142, 240–245 
(1980).

42. Silman AJ, Pearson JE: Epidemiology and 
genetics of rheumatoid arthritis. Arthritis 
Res. 4(Suppl. 3), S265–S272 (2002).



EDITORIAL – Smolen, Aletaha, Machold et al.

4 Future Rheumatol. (2006)  1(1)

43. Emery P, Breedveld FC, Dougados M, 
Kalden JR, Schiff MH, Smolen JS: Early 
referral recommendation for newly 
diagnosed rheumatoid arthritis: evidence 
based development of a clinical guide. Ann. 
Rheum. Dis. 61, 290–297 (2002).

44. Emery P, Salmon M: Early rheumatoid 
arthritis: time to aim for remission? Ann. 
Rheum. Dis. 54, 944–947 (1995).

45. McCarty DJ: Suppress rheumatoid 
inflammation early and leave the pyramid to 
the Egyptians. J. Rheumatol. 
17, 1117–1118 (1990).

46. Pincus T, Smolen JS: Early arthritis. 
Introduction. Clin. Exp. Rheumatol. 
21(5 Suppl. 31) S1 (2003).

47. Visser H, le Cessie S, Vos K, Breedveld FC, 
Hazes JMW: How to diagnose rheumatoid 
arthritis early. A prediction model for 
persistent (erosive) arthritis. Arthritis Rheum. 
46, 357–365 (2002).

48. Aletaha D, Eberl G, Nell VP, Machold KP, 
Smolen JS: Attitudes to early rheumatoid 
arthritis: changing patterns. Results of a 
survey. Ann. Rheum. Dis. 63, 1269–1275 
(2004).

49. Huizinga WJ, Machold KP, Breedveld FC, 
Lipsky PE, Smolen JS: Criteria for early 
rheumatoid arthritis: from Bayes’ law 
revisited to new thoughts on pathogenesis 
(conference summary). Arthritis Rheum. 
46, 1155–1159 (2002).

50. Symmons DPM, Hazes JMW, Silman AJ: 
Cases of early inflammatory polyarthritis 
should not be classified as having 
rheumatoid arthritis. J. Rheumatol. 
30, 902–904 (2003).

51. Aletaha D, Breedveld FC, Smolen JS. The 
need for new classification criteria for 
rheumatoid arthritis. Arthritis Rheum. 
52, 3333–3336 (2005).

52. van Aken J, Lard LR, leCessie S, Hazes JM, 
Breedveld FC, Huizinga TW: Radiological 
outcome after four years of early versus 
delayed treatment strategy in patients with 
recent onset rheumatoid arthritis. Ann. 
Rheum. Dis. 63, 274–279 (2004).

Affiliations
• Josef S Smolen

Medical University of Vienna, Department of 
Rheumatology, Internal Medicine III and 2nd 
Department of Medicine, Hietzing Hospital, 
Waehringer Guertel 18–20, A-1090 Vienna, 
Austria
Tel.: +43 1 404 004 300;
Fax: +43 1 404 004 331;
josef.smolen@wienkav.at

• Daniel Aletaha
Medical University of Vienna, Department of 
Rheumatology, Internal Medicine III, 
Waehringer Guertel 18–20, A-1090 Vienna, 
Austria

• Klaus Machold
Medical University of Vienna, Department of 
Rheumatology, Internal Medicine III, 
Waehringer Guertel 18–20, A-1090 Vienna, 
Austria

• Valerie Nell
Medical University of Vienna, Department of 
Rheumatology, Internal Medicine III, 
Waehringer Guertel 18–20, A-1090 Vienna, 
Austria

• Kurt Redlich
Medical University of Vienna, Department of 
Rheumatology, Internal Medicine III, 
Waehringer Guertel 18–20, A-1090 Vienna, 
Austria

• Georg Schett
Medical University of Vienna, Department of 
Rheumatology, Internal Medicine III, 
Waehringer Guertel 18–20, A-1090 Vienna, 
Austria

• Tanja Stamm
Medical University of Vienna, Department of 
Rheumatology, Internal Medicine III, 
Waehringer Guertel 18–20, A-1090 Vienna, 
Austria

• Günter Steiner
Medical University of Vienna, Department of 
Rheumatology, Internal Medicine III and Center 
for Molecular Medicine of the Austrian Academy 
of Sciences, Waehringer Guertel 18–20, A-1090 
Vienna, Austria


