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ABSTRACT

Background
Rheumatoid arthriƟs (RA) is characterized by the presence of autoanƟbodies like 
rheumatoid factor (RF), anƟ-cyclic citrullinated pepƟde-2 (anƟ-CCP2), and anƟ-
carbamylated protein (anƟ-CarP) anƟbodies. It is currently unclear whether changes 
in autoanƟbody levels are associated with disease acƟvity/treatment outcomes 
and whether they are modiĮed by treatment intensity. Therefore, we determined 
longitudinal changes in RA-autoanƟbody levels, the associaƟon between these 
changes and acƟvity score (DAS) and treatment outcomes, and the eīect of intensity 
of immunosuppressive treatment on levels.

Methods
In 381 seroposiƟve RA paƟents from the IMPROVED study, we measured IgG, IgM, and 
IgA of anƟ-CCP2 and anƟ-CarP; IgM and IgA of RF; and IgG against four citrullinated 
and two acetylated pepƟdes at 4-month intervals over the Įrst year of treatment. 
Following iniƟal prednisone and methotrexate (MTX), treatment was changed every 
4 months aiming for DAS < 1.6. We invesƟgated changes in autoanƟbody levels following 
treatment escalaƟon versus tapering, and the associaƟon of levels with DAS over Ɵme, 
EULAR response, and drug-free remission (DFR) ≥ 1 year.

Results
For all 14 autoanƟbodies, levels decreased from 0 to 4 months and then rose unƟl 
12 months. Following treatment escalaƟon, autoanƟbody levels dropped markedly, 
while they rose following tapering: RF IgM levels, a representaƟve autoanƟbody, 
dropped 10% aŌer restarƟng prednisone and rose 15% aU/mL aŌer tapering MTX 
(p < 0.0001). There was no associaƟon between autoanƟbody levels and DAS over Ɵme 
or EULAR response. Greater relaƟve changes between 0 and 12 months did not predict 
DFR (0–12-month relaƟve change RF IgM, − 39% for no DFR (n = 126) and − 16% for DFR 
(n = 18)).

Conclusions
Changes in RA-autoanƟbody levels are not associated with DAS or long-term treatment 
response, but reŇect intensity of immunosuppression. This suggests that autoanƟbody 
levels are modiĮable by current therapies, but that modifying levels is in itself of limited 
clinical relevance.

Trial registraƟon
ISRCTN11916566. Registered on 7 November 2006
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INTRODUCTION

Rheumatoid arthriƟs (RA) is a chronic inŇammatory joint disease characterized by 
the presence of autoanƟbodies. Rheumatoid factor (RF) and anƟ-cyclic citrullinated 
pepƟde-2 (anƟ-CCP2) are the most well-known of these, but other autoanƟbody systems 
such as anƟ-carbamylated protein (anƟ-CarP) and anƟ-acetylated pepƟde anƟbodies 
have also been idenƟĮed (1, 2). AutoanƟbody-posiƟve paƟents have a worse prognosis, 
more radiographic damage, and a lower chance of achieving drug-free remission (3, 4).

Serum concentraƟons of these autoanƟbodies may change over Ɵme. Given the link 
between autoanƟbodies and disease severity and the value of measuring autoanƟbodies 
in other autoimmune diseases, these serological changes in RA may hold promise as an 
accessible biomarker for the future disease course. A substanƟal drop in autoanƟbody 
levels may, for example, be hypothesized to precede successful drug-free remission. 
However, studies documenƟng the relaƟonship between ŇuctuaƟons in autoanƟbodies 
and disease acƟvity have been conŇicƟng (5-7). Importantly, most of these studies did 
not account for factors like intensity of immunosuppressive treatment, which likely 
inŇuences both level changes and disease acƟvity. It is unknown whether changes 
in autoanƟbody levels reŇect immunosuppressive therapy, or whether changes are 
indicaƟve of future disease course. Furthermore, most studies invesƟgated a limited 
number of autoanƟbodies and did not take “newer” autoanƟbodies into account, such 
as anƟ-CarP, which has been described to be associated with disease acƟvity (8).

Because of this, the clinical implicaƟons of changes in autoanƟbody levels remain 
unclear, but are potenƟally relevant for two reasons. First, if autoanƟbody levels are a 
marker of future disease acƟvity, it may be useful to measure pre-treatment values or 
monitor level changes over Ɵme. Second, understanding the changes in autoanƟbody 
levels and their associaƟon with both immunosuppression and disease acƟvity might 
shed new light on mechanisms underlying the B cell autoimmune response in RA and its 
role in disease persistence. To that end, we longitudinally characterized changes in RA-
associated autoanƟbody levels over Ɵme and invesƟgated whether levels are aīected 
by intensity of immunosuppressive treatment, how they associate with disease acƟvity 
over Ɵme, and whether level changes associate with both short-term and long-term 
treatment outcomes.
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METHODS

Study design, paƟent selecƟon, and outcomes
The InducƟon therapy with Methotrexate and Prednisone in Rheumatoid Or Very Early 
arthriƟc Disease (IMPROVED) study is a mulƟcenter, randomized controlled trial that 
enrolled 610 paƟents with early (< 2 years) untreated RA or undiīerenƟated arthriƟs. 
It was steered at disease acƟvity score-remission (DAS44 < 1.6) and for those achieving 
remission, at drug-free remission (DFR), with treatment adjusted every 4 months 
according to whether treatment targets had been reached. IniƟal treatment comprised 
methotrexate (MTX) and high-dose prednisone (4).

Subjects selected for this study were all 381 paƟents fulĮlling the 2010 ACR/EULAR 
RA criteria with serum available at least once within the Įrst year and seroposiƟve by 
rouƟne clinical tesƟng for anƟ-CCP2 IgG, RF IgM, or our in-house assay for anƟ‐CarP IgG 
at baseline or at 1 year (details described in (9)). Clinical outcomes invesƟgated were 
DAS, health assessment quesƟonnaire (HAQ), EULAR response at 4 and 12 months, and 
long-term sustained DFR. Long-term sustained DFR was deĮned as disease-modifying 
anƟ-rheumaƟc drug (DMARD)-free remission lasƟng at least 1 year, starƟng at any Ɵme 
point and conƟnuing unƟl the last moment of that individual’s follow-up (maximum of 
5 years follow-up). Radiographic progression at 1 and 5 years was assessed using the 
Sharp/van der Heijde Score (SHS), as previously described (4).

Serological measurements
Enzyme-linked immunosorbent assays (ELISAs) were used as described previously (9) 
to measure at 4-month intervals over the Įrst year of treatment: anƟ-CCP2 IgG, IgM, 
and IgA; RF IgM and IgA; anƟ-CarP IgG, IgM, and IgA; anƟ-citrullinated-vimenƟn 59–74 
IgG, anƟ-citrullinated-Įbrinogen β 36–52 and α 27–43 IgG, and anƟ-citrullinated-
enolase 5–20 IgG (all in-house assays); and anƟ-acetylated lysine vimenƟn IgG and 
anƟ-acetylated ornithine vimenƟn IgG (Orgentec DiagnosƟka GmbH, Germany) (1). 
Samples were considered posiƟve if they fell above a cutoī of the mean arbitrary units 
(aU) per milliliter plus two standard deviaƟons of 76 sera of healthy controls from the 
Leiden area.

Composites reŇecƟng the number of autoanƟbodies present at every Ɵme point were 
constructed: the number of isotypes: anƟ-CCP2 IgG, IgM, IgA; RF IgM and IgA; anƟ-
CarP IgG, IgM, IgA (range 1–8), and the number of IgG anƟ-modiĮed pepƟde anƟbodies 
(AMPAs): anƟ-CCP2, anƟ-CarP, and the anƟbodies against citrullinated and acetylated 
pepƟdes described above (range 1–8).
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StaƟsƟcal analysis
Longitudinal, repeated measures data (autoanƟbodies, DAS, HAQ) were modeled using 
generalized esƟmaƟng equaƟons (GEE), which allow missing data in the outcome. A 
model with a Toeplitz (m-dependent) correlaƟon structure and a standard Gaussian 
distribuƟon was chosen (akin to linear regression). For the number of autoanƟbodies 
over Ɵme (count data), a negaƟve binomial model was speciĮed.

With repeated measurements of the autoanƟbody levels/number as the dependent 
variable, we invesƟgated by GEE whether a certain treatment decision (4 months, 
no change versus escalaƟon of treatment; 8 months: tapering versus escalaƟon of 
treatment) was associated with a subsequent change in autoanƟbody levels/number. 
An interacƟon term of treatment decision * Ɵme was used to assess whether changes 
in the autoanƟbody levels over Ɵme were diīerent in paƟents that tapered/did not 
change versus those that escalated immunosuppressive therapy. For comparison 
purposes, a normalizaƟon of the diīerent measurement units was applied to the 
Įnal model esƟmates (which were in aU/mL) by dividing them by the maximum of the 
autoanƟbody’s range.

The associaƟon between autoanƟbody levels and DAS over Ɵme was invesƟgated 
using GEE, with DAS as the outcome. The same was conducted for HAQ over Ɵme. 
Ordinal, logisƟc, and linear regression was used to invesƟgate the associaƟon of relaƟve 
changes in autoanƟbody levels/absolute changes in number of autoanƟbodies with 
EULAR response, long-term sustained DFR, and SHS radiographic progression scores, 
respecƟvely.

All models were adjusted for gender and age; clinical outcome analyses were adjusted 
for treatment decisions. Other covariates (i.e., disease duraƟon, smoking, body mass 
index (BMI), baseline HAQ/DAS) were only included in Įnal models if they were 
univariably associated with the outcomes of interest (p < 0.1). Holmes-Bonferroni 
methods were used to correct all analyses for mulƟple tesƟng, assuming the same 
number of tests as autoanƟbodies invesƟgated (14 tests).

5
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RESULTS

AutoanƟbody levels decrease upon iniƟaƟon and escalaƟon of immunosuppressive 
treatment
For all 14 autoanƟbodies, median levels decreased signiĮcantly between baseline and 
4 months when prednisone and MTX were iniƟated, and then stabilized or steadily 
increased unƟl 12 months, while DAS plummeted between 0 and 4 months and 
stayed low between 4 and 12 months (Figure 1; Supplementary Figure S1 for all 

autoanƟbodies).

Due to its design, the IMPROVED study can be used to invesƟgate whether autoanƟbody 
levels might decrease not only upon treatment iniƟaƟon, but also upon decisions 
regarding intensity of immunosuppression, by examining changes in autoanƟbodies 
aŌer treatment was either tapered or escalated. We Įrst looked at the moment in the 
IMPROVED study when one would expect the largest diīerences: at 8 months, paƟents 
that had achieved DAS-remission tapered MTX monotherapy to drug-free, while those 
not in remission escalated therapy by restarƟng prednisone (next to MTX). It was found 
that autoanƟbody levels rose between 8 and 12 months following the decision to taper 
MTX to drug-free and dropped if prednisone was restarted (Figure 2). This Įnding was 
signiĮcant for 12/14 autoanƟbodies.

Ano ther treatment decision was the one made at 4 months: paƟents that achieved 
remission at 4 months conƟnued MTX monotherapy, while those that did not were 
randomized to one of the two treatment arms, where therapy was escalated by an 
addiƟon of mulƟple DMARDs (prednisone, hydroxychloroquine, and sulfasalazine; arm 
1) or adalimumab (arm 2). Levels consistently rose between 4 and 8 months during 
conƟnued treatment with MTX while they either dropped or stayed relaƟvely stable 
following treatment escalaƟon (Supplementary Figure S2). At this moment, the 
diīerence in treatment intensity was less pronounced than at 8 months (i.e., no paƟents 
tapered to drug-free), as were the diīerences in autoanƟbody level changes.

The total autoanƟbody number changed in a manner similar to the changes in levels, 
both at treatment iniƟaƟon (Supplementary Figure S1) and for the decision at 4 and 
at 8 months (not shown).

This indicates that autoanƟbody levels are responsive to immunosuppression and likely 
change upon decisions to escalate or taper therapy. The next quesƟon was whether 
these autoanƟbody changes are associated with treatment outcomes, and thus whether 
the changes in autoanƟbody levels in response to treatment might be clinically relevant 
to monitor over Ɵme.
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Figure 2 AutoanƟbody levels change following treatment decisions.

Change in autoanƟbody levels (calculated by GEE) following treatment decision at 8 months, 
within paƟents that were posiƟve for that autoanƟbody at least once over the Įrst year. Depicted 
regression coeĸcients (β in aU/mL, with 95% CIs) are of the predictor Ɵme from a GEE model 
straƟĮed for the treatment decision, and thus indicate autoanƟbody level changes between 8 
and 12 months for that treatment decision group. Coeĸcients were normalized for comparison 
purposes by dividing by the maximum arbitrary units per milliliter of the ELISA range of each 
autoanƟbody. Models were adjusted for age, gender, smoking status, and disease duraƟon. Bold 
typeface of p values calculated by GEE (interacƟon term treatment*Ɵme) indicates signiĮcance 
aŌer Holmes-Bonferroni correcƟon for mulƟple tesƟng (14 tests)

AutoanƟbody levels are not longitudinally associated with DAS
Given the way both autoanƟbody levels and DAS decreased upon treatment, we 
addressed the quesƟon whether the two are longitudinally and independently 
associated (Table 1). The GEE models reported in Table 1 are congruent with both a 
cross-secƟonal and a longitudinal interpretaƟon. First, a paƟent that is 1 unit (aU/mL) 
higher in an autoanƟbody level is expected, at that moment, to have a higher DAS of 
the indicated magnitude (e.g., 0.011 DAS units per 100 aU/mL anƟ-CCP2 IgG). Second, a 
paƟent that increases 1 unit in an autoanƟbody (for any given Ɵme interval) is expected 
to have an increase in DAS of the indicated magnitude for that same Ɵme interval. 
Although almost all associaƟons of autoanƟbodies and DAS changes were signiĮcant 
(conĮdence intervals do not cross zero), the magnitude of associaƟon was miniscule and 
far from clinically relevant. We conclude that there is no relevant associaƟon between 
autoanƟbody level changes and DAS changes.

AutoanƟbody levels and HAQ were generally not signiĮcantly associated, and if they 
were (signiĮcant for only 3/14 autoanƟbodies), the magnitude of associaƟon was 
similarly minute as found for DAS (not shown).
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Table 1: AssociaƟon of DAS over Ɵme with autoanƟbody levels over Ɵme.

Outcome: DAS over Ɵme n β (95% CI) in DAS units per aU/mL
anƟ-CCP2 IgG (0-1600) 259 1.1x10-4 (9.3x10-6 to 2.0x10-4)
anƟ-CCP2 IgM (0-1400) 129 3.5x10-4 (1.4x10-4 to 5.7x10-4)
anƟ-CCP2 IgA (0-1160) 128 3.6x10-4 (3.8x10-5 to 6.7x10-4)
RF IgM (0-200) 245 1.8x10-3 (8.2x10-4 to 2.8x10-3)
RF IgA (0-200) 188 7.9x10-4 (-8.9x10-5 to 1.7x10-3)
AnƟ-CarP IgG (0-5272) 149 1.1x10-4 (4.1x10-5 to 1.7x10-4)
AnƟ-CarP IgM (0-3650) 128 1.7x10-4 (8.9x10-5 to 2.6x10-4)
AnƟ-CarP IgA (0-3100) 99 2.7x10-4 (1.6x10-4 to 3.8x10-4)
AnƟ-acetyl-lysine IgG (0-1000) 128 2.5x10-4 (2.1x10-5 to 4.7x10-4)
AnƟ-acetyl-ornithine IgG (0-1000) 226 2.0x10-4 (2.4x10-5 to 3.8x10-4)
Cit-Vim IgG (0-10,000) 188 3.7x10-5 (1.2x10-5 to 6.1x10-5)
Cit-Fib α IgG (0-25,000) 88 1.6x10-6 (-2.0x10-5 to 2.3x10-5)
Cit-Fib β IgG (0-100,000) 191 4.2x10-6 (2.2x10-6 to 6.2x10-6)
Cit-Eno IgG (0-70,000) 105 2.9x10-6 (-8.8x10-7 to 6.8x10-6)

Generalized esƟmaƟng equaƟon of the conƟnuous outcome DAS over Įrst year of treatment, 
within paƟents that were posiƟve for that autoanƟbody at least once over the Įrst year. Models 
were adjusted for age, gender, baseline HAQ, Ɵme, randomizaƟon arm at 4 months, and treatment 
decision at 8 months. Values behind autoanƟbody names indicate range (in aU/mL).

Changes in autoanƟbody levels are not associated with EULAR response
Most paƟents (264/381; 70%) had a good EULAR response at 4 months. PaƟents that 
achieved good/moderate EULAR response at 4 months had somewhat higher baseline 
autoanƟbody levels, but this small diīerence was not signiĮcant (data not shown). 
PaƟents that achieved good/moderate EULAR response at 4 months (or at 12 months) 
did not have signiĮcantly greater relaƟve decreases in autoanƟbody levels between 
0 and 4 months (or between 0 and 12 months, respecƟvely) than paƟents with no 
response (Figure 3A-B). Changes in composites of the number of isotypes or AMPAs 
were also not associated with EULAR response (not shown).

5
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Figure 3: Changes in autoanƟbody levels do not associate with treatment outcomes.

RelaƟve change (%) in autoanƟbody levels (raw data) preceding a EULAR response at 4 months, 
b EULAR response at 12 months, and c long-term sustained DFR. Bold typeface of p values below 
graphs, calculated by ordinal (a, b) and logisƟc (c) regression, indicates signiĮcance aŌer Holmes-
Bonferroni correcƟon for mulƟple tesƟng (14 tests). Besides age and gender, models in a are 
adjusted for baseline DAS and BMI, in b are addiƟonally adjusted for randomizaƟon arm at 
4 months and treatment decision at 8 months, and in c are adjusted for baseline DAS, disease 
duraƟon, and treatment decisions as per b

Changes in autoanƟbody levels are not associated with long-term outcomes like 
sustained DFR or radiographic progression
The next outcome we wished to analyze was long-term sustained DFR, which is the 
closest approximaƟon of RA cure currently available. InteresƟngly, relaƟve changes 
in autoanƟbody levels or number of isotypes or AMPAs between 0 and 12 months did 
not signiĮcantly diīer between paƟents that did and did not achieve DFR (Figure 3C; 
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composites not shown). There was also no associaƟon between autoanƟbody levels 
at 8 months and ability to achieve DFR at 12 months (not shown). This indicates that 
autoanƟbody level changes over the Įrst year of treatment are not informaƟve for the 
ability to become drug-free.

In paƟents with radiographs available, 19% (67/360) had radiographic progression 
(≥ 0.5-point change from baseline) at 1 year, and 52% (152/294) had progression at 
5 years. There was no associaƟon between baseline autoanƟbody levels or relaƟve 
changes in autoanƟbody levels (0–12 months) and radiographic progression points at 
either 1 or 5 years (not shown).

DISCUSSION

In RA, it is unknown whether changes in autoanƟbody levels are associated with 
disease acƟvity and treatment outcomes, or whether levels are modiĮed by intensity 
of immunosuppressive therapy. Most studies have shown that RF (IgM, IgA, and IgG) 
levels decrease aŌer treatment iniƟaƟon with diīerent DMARD classes (5-7, 10, 11), 
while anƟ-CCP2 (IgG) levels decrease only marginally, rebound aŌer decreasing, or do 
not decrease at all (5-7, 10-13). Our results support this noƟon, as mulƟple forms and 
combinaƟons of immunosuppressive medicaƟon in the IMPROVED led to reducƟon of 
autoanƟbody levels. O ur results also showed that RF IgM decreases somewhat more 
than anƟ-CCP2 IgG, in line with previous reports (7).

Although the diagnosƟc and prognosƟc value of tesƟng for autoanƟbody posiƟvity in RA 
is well-established, reports are conŇicƟng regarding the potenƟal associaƟon of level 
ŇuctuaƟons with disease acƟvity in seroposiƟve paƟents (5-7). In the current study, 
there was no relevant associaƟon between autoanƟbody changes and disease acƟvity. 
Moreover, we also found no associaƟon with funcƟonal status, treatment response, or 
long-term outcomes such as DFR and radiographic progression. Instead, autoanƟbody 
level changes seem to be largely a reŇecƟon of immunosuppressive therapy, rather 
than an indicaƟon of disease-speciĮc clinically-relevant processes. Therefore, their 
monitoring over Ɵme seems of limited value.

AutoanƟbody stability in diīerent autoimmune diseases varies substanƟally, with 
some autoanƟbodies ŇuctuaƟng with Ňares of disease, while others remain stable.  
These diīerences may be due to diīerences in longevity and place of residence of the 
autoanƟbody-producing cells. In RA, the synovial compartment appears to funcƟon as 
an inŇammatory niche that promotes long-term survival of anƟ-citrullinated protein 
anƟbody (ACPA)-producing plasma cells (14). ACPA-producing plasmablasts also home 
to the bone marrow and diīerenƟate to long-lived plasma cells there (14, 15). As RA 
disease acƟvity subsides with anƟ-inŇammatory treatment, the survival niches in 
inŇamed joints may be eliminated and plasma cells residing there could be displaced 
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and die (16). Meanwhile, it appears plausible that bone marrow plasma cells remain 
unaīected by resoluƟon of peripheral inŇammaƟon and conƟnue to stably secrete RA-
associated autoanƟbodies. This could explain why circulaƟng autoanƟbodies show an 
iniƟal decrease when treatment is iniƟated or intensiĮed (eliminaƟon of joint survival 
niches) but are never fully eradicated (persistence of bone marrow niches), even in 
the absence of clinical symptoms. Whether the surviving bone marrow B cells/plasma 
cells contribute to the chronic pathogenic cascade remains to be determined. It is 
possible that such contribuƟons may occur via pathways independent of autoanƟbody 
producƟon, such as anƟgen presentaƟon to T cells, cytokine secreƟon, or other 
immunoregulatory mechanisms. T here may also exist autoanƟbody-speciĮc diīerences 
in survival niches that plasma cells uƟlize that might explain why some autoanƟbodies 
change quite substanƟally upon immunosuppressive treatment while others remain 
more stable.

The current Įndings have some limitaƟons. First, we chose not to further dilute serum 
samples above the highest standard of the ELISA, precluding the detecƟon of level 
changes in paƟents with very high concentraƟons. However, sensiƟvity analyses 
excluding these paƟents yielded the same conclusions (not shown). Second, it is possible 
that the autoanƟbody level decreases seen between 0 and 4 months in all paƟents and 
between 8 and 12 months for those with treatment intensiĮcaƟon are primarily due to 
the eīect of prednisone, as prednisone has been shown to decrease total circulaƟng 
immunoglobulin levels, especially IgG (17). The design of this study did not allow us to 
invesƟgate whether this was the case. Thirdly, we do not have serological data in the 
Ɵmeframe between 12 months and the long-term outcomes invesƟgated. It is possible 
that anƟbody changes closer to the outcome are more relevant than those over the 
Įrst year of treatment. F ourth, only the eīect of convenƟonal DMARDs and anƟ-TNF 
has been invesƟgated. It may be that DMARDs with other modes of acƟon, such as 
rituximab, have diīerent eīects on autoanƟbody levels. I t is also possible that the same 
agents applied during a disease state may associate with diīerent level changes than 
demonstrated here, as our results only apply to early RA. F inally, we recognize that 
due to the limited radiographic progression that occurred in the IMPROVED study, we 
lacked sensiƟvity for Įnding a relaƟonship with autoanƟbody levels.

Strengths of this study include the extensive array of autoanƟbodies measured and 
the longitudinal nature of the analyses, which allowed analysis of absolute changes in 
14 diīerent autoanƟbodies spanning four autoanƟbody families in 4-month intervals 
over the Įrst year of treatment while accounƟng for missing serum. The nature of the 
IMPROVED trial and its long follow-up also allowed us to invesƟgate mulƟple short-term 
and long-term outcomes not previously linked to autoanƟbody changes, as well as the 
eīect of immunosuppression on level changes.
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CONCLUSIONS

We conclude that in early RA, changes in autoanƟbody levels do not associate DAS 
over Ɵme or with treatment response. Instead, autoanƟbody level changes seem to be 
a reŇecƟon of treatment intensity. Together, these results suggest that autoanƟbody 
levels change over Ɵme and are modiĮable by commonly used DMARDs, but that 
autoanƟbody level changes are in itself of limited clinical relevance and not useful to 
monitor over Ɵme.
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SUPPLEMENTARY FIGURES

F igure S1: Levels (aU/mL), number of autoanƟbodies, and DAS over 1st year of treatment. 
AutoanƟbody data is from serum of seroposiƟve RA paƟents by ELISA (N 0 months=356; N 4 
months=225; N 8 months=209; N 12 months=212). For levels, paƟents clustered at the maximum 
were above the highest standard of the ELISA. Black and red lines respecƟvely indicate median 
aU/mL and esƟmated marginal mean (EMM) aU/mL with 95% conĮdence intervals (calculated 
by GEE) in paƟents that were posiƟve for that autoanƟbody at least once. Box plots indicate 
median, interquarƟle range, and 10th and 90th percenƟles. P-values (asterisk) refer to the level 
change between two Ɵme-points. *p<0.05 **p<0.01 ***p<0.001 Number of isotypes based on 
anƟ-CCP2 IgG, IgM, IgA; RF IgM, IgA; and anƟ-CarP IgG, IgM, IgA; number of AMPAs based on 
anƟ-CCP2 IgG, anƟ-CarP IgG, anƟ-citrullinated-vimenƟn 59-74 IgG, anƟ-citrullinated-Įbrinogen 
β 36-52 IgG and α 27-43 IgG, anƟ-citrullinated-enolase 5-20 IgG, anƟ-acetylated-lysine IgG, and 
anƟ-acetylated-ornithine IgG.
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Figure S2: AutoanƟbody levels change following treatment decision at 4 months.

Change in autoanƟbody levels (calculated by GEE) following treatment decision at 4 months, 
within paƟents that were posiƟve for that autoanƟbody at least once over the 1st year. EscalaƟon 
of treatment by randomizaƟon comprised addiƟon of prednisone, hydroxychloroquine, and 
sulfasalazine (Arm 1) or of adalimumab (Arm 2) to MTX monotherapy. Depicted regression 
coeĸcients (β in aU/mL, with 95% CIs) are of the predictor Ɵme from a GEE-model straƟĮed for the 
treatment decision, and thus indicate autoanƟbody level changes between 8-12 months for that 
treatment decision group. Coeĸcients were normalized for comparison purposes by dividing by 
the maximum aU/mL of the ELISA range. GEEs were adjusted for age, gender, smoking status, and 
disease duraƟon. Bold typeface of p-values calculated by GEE (interacƟon term treatment*Ɵme) 
indicates signiĮcance aŌer Holmes-Bonferroni correcƟon for mulƟple tesƟng (14 tests).
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