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A combination of biochemical markers of cartilage and bone
turnover, radiographic damage and body mass index to predict
the progression of joint destruction in patients with rheumatoid
arthritis treated with disease-modifying anti-rheumatic drugs

Jun Hashimoto * Patrick Garnero * Désirée van der Heijde - Nobuyuki Miyasaka - Kazuhiko Yamamoto -
Shinichi Kawai + Tsutomu Takeuchi - Hideki Yoshikawa + Norihiro Nishimoto

Received: 26 December 2008/ Accepted: 10 March 2009 / Published online: 19 May 2009

© Japan College of Rheumatology 2009

Abstract The aim of this study was to evaluate the pre-
dictive value of biological, radiological and -clinical
parameters for the progression of radiographic joint
damage in rheumatoid arthritis (RA) patients treated
with conventional disease-modifying anti-rheumatic drugs
(DMARD:s). We analyzed the 145 patients with active RA
for less than 5 years who were participating in the pro-
spective 1-year randomized controlled trial of tocilizumab
(SAMURALI trial) as a control arm treated with conven-
tional DMARD:s. Progression of joint damage was assessed
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by sequential radiographs read by two independent blinded
X-ray readers and scored for bone erosion and joint space
narrowing (JSN) using the van der Heijde-modified Sharp
method. Multivariate analysis revealed that increased uri-
nary levels of C-terminal crosslinked telopeptide of type II
collagen (U-CTX-II), an increased urinary total pyridino-
line/total deoxypyridinoline (U-PYD/DPD) ratio and low
body mass index (BMI) at baseline were independently
associated with a higher risk for progression of bone ero-
sion. In addition to these three variables, the JSN score at
baseline was also significantly associated with an increased
risk of progression of the JSN score and total Sharp score.
High baseline U-CTX-II levels, U-PYD/DPD ratio and JSN
score and a low BMI are independent predictive markers
for the radiographically evident joint damage in patients
with RA treated with conventional DMARD:s.

Keywords BMI - CTX-II - Joint destruction -
PYD/DPD ratio - Rheumatoid arthritis

Introduction

Although rheumatoid arthritis (RA) has features of a sys-
temic disease and capable of exhibiting a variety of extra-
articular manifestations, it is predominantly characterized
by structural destruction of the joints, leading to functional
disability [1-4]. Joint destruction often progresses early in
the disease process [5—8], but the process is highly variable
from patient to patient [9-12]. The identification of patients
with rapid joint destruction very early in the disease
process is of critical importance to clinicians wanting to
optimize treatment strategies. Indeed, although new
biological therapies are highly effective in preserving joint
structure, they are expensive and may have side effects.
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Thus, targeting these treatments to RA patients manifesting
rapid progression of the disease may be beneficial.

Several prospective studies have been performed to
identify predictive factors indicative of a worse radiologi-
cal progression of RA [13-31]. The earlier investigations
revealed the importance of the rheumatoid factor (RF),
inflammation markers or radiographic damage at baseline
[13, 14, 16-18, 20, 21], while more recent ones have
identified biochemical markers of bone, cartilage and
synovial tissue metabolism and catabolic enzymes as being
associated with progression in RA [15, 19, 22, 24, 27-29].
Alternatively, RA is also associated with accelerated ath-
erosclerosis and increased cardiovascular mortality and,
recently, it has been shown that macrophage inhibitory
cytokine 1 (MIC-1), which is linked to clinical events in
atherosclerosis, may be involved in the pathological pro-
cess of erosive joint destruction [32]. The body mass index
(BMI) has also been reported to be associated with the
radiographic progression of RA, independent of inflam-
mation markers [23, 30, 31], and recent new information
suggests the potential involvement of adipokines as regu-
lators of inflammation in RA [33]. These new findings have
lead to the recognition of RA as a disease involving a
variety of pathological conditions related with joint
destruction and made clinicians aware of the fact that RA is
a systemic disease in terms of the pathology of the bone
and destruction of cartilage. However, to date, there has
been no study that has analyzed concomitantly in the same
population the independent contribution of these various
anthropometric, clinical, laboratory and radiological fea-
tures to the prediction of disease progression in RA.

The aims of the study reported here were to determine
which combination of a few risk factors identified among a
panel of clinical, biological and radiological parameters
would be powerful in predicting the radiological progres-
sion of bone erosion and joint space narrowing (JSN) in RA
patients treated with conventional disease-modifying anti-
rheumatic drugs (DMARD:s).

Methods
Patients and protocol

The patient cohort consists of 148 patients with RA
receiving conventional DMARDs who participated in the
control arm of the SAMURALI trial described in a recent
publication [34]. The aim of the SAMURALI, which was a
52-week-long multi-center clinical trial, was to evaluate
the effect of tocilizumab on radiological joint damage.
Three hundred and six patients with RA diagnosed
according to the American College of Rheumatology
criteria [35] were randomly assigned to tocilizumab
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monotherapy (8 mg/kg intravenously every 4 weeks) or
conventional DMARDs. For the DMARDs group, the dose,
type and combination of DMARDs and/or immunosup-
pressants could vary according to disease activity at the
discretion of the treating physician. The study protocol was
approved by the Ministry of Health, Labor and Welfare of
Japan, and by the ethical committee at each participating
site, and patients gave their written informed consent.

Radiographic assessment

Posteroanterior radiographs of hands and anteroposterior
radiographs of feet were performed at baseline and at
weeks 28 and 52 or at the last visit for patients who
withdrew from the study prior to week 52. Radiographs
were scored using the van der Heijde-modified Sharp
method [36, 37] for bone erosion, joint space narrowing
(JSN) and total sharp score (TSS) independently by two
readers who were well trained and competent to score
radiographs in accordance with the method. The readers
were blinded to the treatment group and chronological
order of the films.

Clinical assessment

The Disease Activity Score on 28 joints (DAS28), clinical
improvement in signs and symptoms of RA, tender joint
count, swollen joint count, and modified health assessment
questionnaire (MHAQ) [38] were assessed at baseline.

Laboratory examinations

Fasting blood samples and the second morning urine
samples were obtained from all subjects at clinical visits.
C-reactive protein (CRP) and erythrocyte sedimentation
rate (ESR) were measured in the local clinical test labo-
ratory of each investigation site.

To assess bone formation, we measured serum intact-
osteocalcin (OC) using a two-site immunoradiometric
assay (Mitsubishi Kagaku Iatron, Japan) and serum bone
alkaline phosphatase (bone ALP) by an enzyme-linked
immunosorbent analysis (ELISA; Quidel, San Diego, CA).
Markers of bone resorption included urinary N-terminal
crosslinked telopeptide of type I collagen (U-NTX-I),
which was measured by an ELISA (Ostex Int, Seattle,
WA), and urinary total deoxypyridinoline (U-DPD) and
total pyridinoline (U-PYD), measured by a high-perfor-
mance liquid chromatography (HPLC) assay. Markers of
cartilage synthesis included the N-terminal propeptide of
type IIA collagen (PIIANP; Linco, St. Louis, MO) and the
C-terminal propeptide of type II collagen (PIICP; IBEX
Diagnostics, Montreal, Canada). Cartilage degradation
was assessed by the urinary excretion of the C-terminal
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crosslinked telopeptide of type II collagen (CTX-II Carti-
Laps ELISA; NORDIC Biosciences, Herlev, Denmark).
Synovial tissue metabolism was assessed by measuring
the urinary excretion of glucosyl-galactosyl—pyridinoline
(Gle-Gal-PYD) by HPLC, serum matrix metalloprotein-
ase-3 (MMP-3) by ELISA (Daiichi Pure Chemical, Japan)
and serum amyloid protein A (SAA) by a latex immuno-
assay (LIA; Eiken Chemical, Japan). Other measures
included serum interleukin-6 (IL-6) using a chemilumi-
nescent enzyme immunoassay (CLEIA) (Fujirebio Japan),
RF by LIA (Mitsubishi Kagaku Iatron, Japan), and
immunoglobulin G (IgG) by LIA (Eiken Chemical, Japan).

Statistical analysis

For analyzing the correlation between markers at baseline
and at the 52-week radiological progression of joint dam-
age, we normalized the markers by logarithmic transfor-
mation when needed. First, the markers were selected by
Pearson correlation coefficient with TSS, erosion score,
and JSN score (Irl > 0.15). Then, the predictive factors
were selected based on the multivariate regression analysis
using the backward elimination method, the forward
selection method, and the best-subset selection procedure
using Mallows’ Cp- adjusted R

The odds ratio of progression in TSS, bone erosion and
JSN score according to the levels of these baseline factors
were estimated by logistic regression analysis with a 95%
confidence interval (95% CI). The progression of joint
damage was defined as an increase of TSS of 0.5 or more at
52 weeks.

All statistical analyses were two-sided, and p values
<0.05 were considered to be significant. All statistical
analyses were carried out using SAS ver. 8.2, TS2MO
(SAS Institute, Cary, NC).

Results

One hundred and forty-five patients were included in the
intent to treatment (ITT) analyses. Demographics and
baseline disease characteristics are shown in Tables 1 and
3. At baseline, the mean age and the disease duration were
53.1 and 2.4 years, respectively. Patients had very active
disease, as indicated by a DAS28 score of 6.4 and CRP of
4.9 mg/dl at baseline. The kinds of DMARDs and immu-
nosuppressants used for RA treatment during the study and
the number of patients are shown in Table 2.

Bivariate linear correlation analyses showed that base-
line values of U-PYD, the ratio U-PYD/DPD, U-CTX-II,
U-Glc—Gal-PYD, TSS, erosion score, JSN score, age and
BMI were associated significantly with the 1-year increase
in all three radiological indices of joint damage, i.e. bone

Table 1 Baseline demographics, clinical and laboratory characteris-
tics of the patient cohort

Baseline demographics, clinical Values

and laboratory characteristics

Number of patients 145

Age, years (mean) 53.1 £ 12.5
Female, n (%) 119 (82.1)
BMI (kg/m?) 21.8 £3.0
RA duration (years) 24+ 1.3
Number of previous DMARDs 2.8

Tender joint count 144 £ 175
Swollen joint count 11.8 £ 5.8
CRP (mg/dl) 49 £29
DAS28 64 +09
Radiological total Sharp score 30.6 + 42.0
Radiological bone erosion score 13.9 £ 21.7
Radiological joint space narrowing (JSN) score 16.7 + 21.8

Values are given as the mean =+ standard deviation, unless otherwise
indicated

RA Rheumatoid arthritis, DAS28 Disease Activity Score based on 28
joint counts, CRP C-reactive protein, BMI body mass index,
DMARDs disease-modifying anti-rheumatic drugs

Table 2 Number of patients using concomitant drugs related to
rheumatoid arthritis during the study

Variables Number of patients®

Corticosteroids 145 (100%)

Methotrexate 123 (84.8%)
Mizoribine 11 (7.6%)
Azathioprine 7 (4.8%)
Ciclosporin 5 (3.4%)
Tacrolimus hydrate 3 (2.1%)
Sulfasalazine 60 (41.4%)
Bucillamine 33 (22.8%)
Sodium aurothiomalate 4 (2.8%)
p—Penicillamine 11 (7.6%)
Actarit 6 (4.1%)
Lobenzarit disodium 2 (1.4%)
Cyclophosphamide 2 (1.4%)
Minocycline hydrochloride 2 (1.4%)

? Values are given as the number of patients taking a drug; patients
can take more than one drug

erosion score, JSN score and TSS (Table 3). The baseline
levels of U-DPD, S-PIIANP, triglyceride, ferritin also had
a significant association with one or two variables among
these three radiographic progression parameters (Table 3).
None of the clinical indices of disease activity nor the
biological parameters of inflammation were associated
significantly with radiological progression. In the
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Table 3 Baseline patient measurements and Pearson correlation coefficient between the levels of candidate factors at baseline and the changes

in radiographic score at week 52

Variables Levels at baseline  r value between baseline levels and radiological progression at week 52
(mean & SD) - -
Total sharp Bone erosion Joint space
score score narrowing (JSN) score
Bone markers
Intact-osteocalcin (ng/ml) 51+£21 NS NS NS
Bone alkaline phosphatase (U/I) 21.5 £ 6.5 NS NS NS
S-NTX-I (nmol BCE/1) 15.8 £4.38 NS NS NS
U-NTX-I (nmol BCE/mmol creatinine) 62.6 + 31.9 NS NS NS
U-DPD (pumol/mol creatinine) §+4 0.185* NS 0.187*
Bone or cartilage markers
U-PYD (pmol/mol creatinine) 55 £37 0.278%%* 0.253%* 0.274%*
U-PYD/DPD 72+ 18 0.190* 0.180* 0.178%*
Cartilage markers
S-PIIANP (ng/ml) 459.8 + 2109 NS —0.188* NS
S-PIICP (ng/ml) 819.1 £+ 311.6 NS NS NS
U-CTX-II (ng/mmol creatinine) 902.5 + 919.2 0.356%*%* 0.321%%** 0.356%**
Radiographic scores
Total Sharp score 16.7 £ 21.8 0.323%%* 0.303%%*%* 0.307%**
Erosion score 30.6 £ 42.0 0.313%%* 0.308%*%*%* 0.282%%*
Joint space narrowing score 13.9 £ 21.7 0.323%%% 0.291%** 0.322%%*%*
Symptoms or functions
DAS28 64 +09 NS NS NS
Objective signs
Tender joint count 144 £75 NS NS NS
Swollen joint count 11.8 £ 5.8 NS NS NS
Patients reported functional assessment
MHAQ 0.90 £ 0.58 NS NS NS
Inflammation markers
CRP (mg/dl) 49 £29 NS NS NS
ESR (mm/h) 71 £25 NS NS NS
MMP-3 (ng/ml) 456.5 £+ 347.5 NS NS NS
SAA (pg/ml) 347 £+ 307 NS NS NS
Fibrinogen (mg/dl) 490 + 96 NS NS NS
Interleukin-6 (pg/ml) 60.2 £ 64.9 NS NS NS
Synovium degradation marker
U-Glc-Gal-PYD (nmol/mmol creatine) 11.6 £9.3 0.255%%* 0.238%* 0.245%%*
Hematological parameters
WBC (/ul) 8,923 £ 2,430 NS NS NS
RBC (10%/ul) 397 + 38 NS NS NS
Hemoglobin (g/dl) 113+ 14 NS NS NS
Platelet (10*/ul) 37.2 £ 10.1 NS NS NS
Lipid parameters
Total cholesterol (mg/dl) 182 £+ 33 NS NS NS
HDL cholesterol (mg/dl) 56 + 14 NS NS NS
LDL cholesterol (mg/dl) 108 £+ 27 NS NS NS
Triglyceride (mg/dl) 90 £ 35 —0.187* —0.193* NS
Other biomarkers
RF (IU/ml) 247 £ 452 NS NS NS
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Table 3 continued

Variables Levels at baseline  r value between baseline levels and radiological progression at week 52
(mean + SD) ; .
Total sharp Bone erosion Joint space
score score narrowing (JSN) score
IgG (mg/dl) 1,697 £ 492 NS NS NS
Albumin (g/dl) 3.7+03 NS NS NS
Ferritin (ng/ml) 105 £ 116 NS —0.182* NS
Age 53.1 £ 125 —0.259%** —0.278** —0.205*
Gender (M:F) 26:119 NS NS NS
Duration of disease 24+ 13 NS NS NS
Anthropometric factor
BMI (kg/m?) 21.8 £3.0 —0.298%#%* —0.257** —0.311%**

NS not significant, S-NTX Serum type I collagen cross-linked N-telopeptides, U-NTX urinary type I collagen cross-linked N-telopeptides, U-DPD
urinary deoxypyridinoline, U-PYD urinary pyridinoline, S-PIIANP serum N-terminal propeptide of type IIA collagen, S-PIICP serum C-terminal
propeptide of type II collagen, U-CTX-II urinary C-terminal telopeptide of type II collagen, MHAQ modified health assessment questionnaire,
ESR erythrocyte sedimentation rate, MMP-3 matrix metalloproteinase-3, SAA serum amyloid protein A, U-Glc—Gal-PYD urinary glucosyl—
galactosyl—pyridinoline, /gG immunoglobulin G, WBC white blood cell, RBC red blood cell, HDL cholesterol high-density lipoprotein cho-

lesterol, LDL cholesterol low-density lipoprotein cholesterol
*p <0.05; #* p <0.01; *** p < 0.001

Table 4 Multivariate regression analysis relating JSN U-CTX-II,
U-PYD/DPD, or BMI to changes in the radiographic scores at 52
weeks

Baseline predictor Parameter estimate p value
Total Sharp score progression
JSN 4.88 0.04
PYD/DPD 20.81 0.02
CTX-II 9.41 <0.01
BMI —-0.92 <0.01
R? 0.24 <0.001
Bone erosion progression
PYD/DPD 11.20 0.04
CTX-II 5.58 <0.01
BMI —0.48 0.02
R 0.17 <0.001
Joint space narrowing progression
JSN 2.37 0.04
PYD/DPD 9.62 0.02
CTX-II 4.56 <0.01
BMI —0.46 <0.01
R 0.25 <0.001

JSN Joint space narrowing, PYD/DPD logarithmic transformed uri-
nary pyridinoline/deoxypyridinoline ratio, CTX-II logarithmic trans-
formed urinary C-terminal telopeptide of type II collagen

multivariate analyses, increased levels of U-CTX-II, an
increased U-PYD/DPD ratio and decreased BMI were
the only independent predictors of the progression of
bone erosion (Table 4). Together, these three variables
explained 17% of the interindividual variance in the pro-
gression of bone erosion. For the progression of JSN and

TTS, baseline JSN was also an independent predictor in
addition to U-CTX-II, the U-PYD/DPD ratio and BMI
(Table 4).

Logistic regression analysis after the categorization of
the four predictive variables with the cut-off value of
500 ng/mmol/creatinine in U-CTX-II, median level for the
U-PYD/DPD ratio, two cut-off values of 18.5 and 25 kg/
mz, respectively, in BMI and a 0 or >0 score in JSN score
at baseline showed that the odds ratio for a yearly increase
of TSS >0.5 was 2.6- to 9.9-fold higher risk in the high-risk
group than in patients with low risk levels (Fig. 1a); the
respective figures for progression in erosion score and for
progression in JSN were 2.8—4.8 and 1.8-20.0, respectively
(Fig. 1b, c). Baseline levels in the categorized groups are
shown in Table 5.

Discussion

Based on our analysis of a panel of several demographical,
clinical and laboratory parameters of disease activity, we
found that increased urinary CTX-II, a high PYD/DPD
ratio and low BMI were independent predictors of radio-
logical progression in bone erosion and TTS in patients
with RA receiving conventional DMARDs and that base-
line JSN was also an independent predictor of radiological
progression in JSN and TTS. These results suggest that
these factors should be useful in identifying patients at high
risk.

The bivariate analyses revealed that the baseline levels
of U-PYD, the U-PYD/DPD ratio, U-CTX-II, TSS, erosion
score, JSN score, U-Glc-Gal-PYD, age and BMI were
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JSN 9.9(3.4-286) a
—

BMI 37(09-15.3)
U-CTX-II 26(1.2- 54) —+
U-PYD/DPD 2.6(1.3- 5.3) _|_

01 1 10 100
BMI 4.8(1.1-20.0) b

_|_

U-CTX-II 31(15- 66) —
U-PYD/DPD 2.8 (1.4- 5.6) —+

01 1 10 100
JSN 20.0 (4.5 -89.3) — €
BMI 4.8 (1.1 -20.0) ——
U-CTX-II 28(1.3 - 5.9) —+—
U-PYD/DPD 1.8 (0.88- 3.5) __|_

0.1 1 10 100

Fig. 1 Odds ratio (95% confidence interval) of radiological progres-
sion associated with high baseline joint space narrowing (JSN), high
urinary C-terminal telopeptide of type II collagen (U-CTXII), high
urinary total pyridinoline/total deoxypyridinoline (U-PYD/DPD), or
low body mass index (BMI). Progression of joint damage over 1 year
was defined as an increase >0.5 U of the total Sharp score (a), bone
erosion (b) or JSN (c¢)

Table 5 Baseline levels in the categorized groups

Variables Cut-off n Mean of

value baseline

value £+ SD

JSN 0 30 0

0< 115 21.1 £ 225
U-CTX-1II <500 53 3272 £ 104.6

(ng/mmol/creatinine) 500< 88  1,249.0 & 1,014.9

U-PYD/DPD <median (6.8) 72 5.8+ 0.7

Median (6.8)< 73 86 L 14
BMI (kg/m?) <18.5 20 175 £ 1.2

18.5<, <25 102 215+ 1.6

25< 21 271 + 1.7
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significantly associated with the 1-year increase in all three
indices of TSS, erosion score and JSN score and that the
baseline levels of U-DPD, S-PIIANP, triglycerides and
ferritin were significantly associated with one or two
variables among these three radiographic progression
parameters. However, there was no significant association
with radiographic progression in the baseline levels of
inflammation markers, MMP-3, hematological parameters,
patients-reported functional assessments, such as MHAQ,
and objective symptomatic scores. Although several pre-
vious studies showed that MMP-3 was predictive of
radiological progression [22, 29, 39, 40] in RA, our data
and those of Cunnane et al. [41] failed to reveal a signifi-
cant association. Circulating MMP-3 levels have been
reported to be significantly decreased after treatment with
methotrexate or sulfasalazine or both together [29, 41-44].
These findings suggest that levels of MMP-3 are dependent
on the type, duration and intensity of the pharmacotherapy.
It is thus possible that differences in the therapeutic regi-
men between studies may explain some of the inconsis-
tencies in the relation of MMP-3 to progression. Additional
factors may include differences in disease duration and
activity and variation in assay characteristics, which are not
standardized between studies. Consistent with the results of
a recent study [29], we confirmed that patient-reported
functional assessments and clinical symptomatic indices
were not useful in predicting radiological progression.
Inflammation markers, such as CRP and ESR, have been
regarded as useful predictors of joint damage in RA.
However, our study confirmed the recent findings of
Young-Min [29], showing that when novel and more spe-
cific markers of joint tissue metabolism were included in
the model, these unspecific laboratory tests were no longer
predictive. Among these novel tissue turnover markers, the
strongest and most consistent association with progression
was observed for urinary CTX-II, a biochemical marker of
cartilage degradation, a finding consistent with several
previous studies involving patients with early RA receiving
MTX or etanercept [19], very early RA receiving the
COBRA combination therapy or sulfasalazine alone [45] or
late RA treated with conventional DMARDs [29]. Taken
together, the results from these previous studies and the
current one suggest that urinary CTX-II is predictive of
radiological progression across patient populations and
independent of the type of therapy. We also found that
urinary-Glc—Gal-PYD, a specific biochemical marker of
synovial tissue metabolism, was associated significantly
with radiographical progression in bivariate analysis. This
result was consistent with that of a previous study [19] of
early RA patients receiving methotrexate or etanercept.
However, urinary-Glc—Gal-PYD did not remain in the final
panel of predictors after multivariate analysis, confirming
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the recent study of Young-Min [29] who showed that
Glc—Gal-PYD was predictive in bivariate, but not in multi-
variate analyses when CTX-II was included in the model.
This lack of independent predictive value is likely to be due
to the high correlation of Glc-Gal-PYD with CTX-II
(r = 0.61, p < 0.001) and suggests that in early active RA,
degradation of cartilage is closely linked to synovitis.
Whether urinary Glc—-Gal-PYD could be an independent
predictor of progression in late RA or in patients receiving
biological therapies remains to be determined.

Previously published cross-sectional studies found an
increased urinary PYD/DPD ratio in patients with RA [46—
49]. Our study, however, is the first showing that U-PYD/
DPD ratio is an independent predictor of radiological
progression. Both PYD and DPD are non-reducible cross-
links of mature collagen molecules, and they are believed
to be important factors for maintaining the structure of the
collagen fibril network in the matrix of the various tissues,
including bone and cartilage. In healthy tissues, the PYD/
DPD ratio is highest in cartilage (ratio: 50), intermediate in
synovial tissue and tendons (ratio: 15-16) and lowest in
bone (ratio: 3.5) [50-52]. The tissue PYD/DPD ratio can be
altered in RA tissue, with the latter showing a higher ratio
than healthy synovium [23, 51]. In addition, a high tissue
PYD/DPD ratio in bone caused by the overhydroxylation
of Lys at the helical cross-linking sites in type I collagen
has been observed in the hip fracture cases [53] and oste-
oporosis [54]. Thus, the PYD/DPD ratio may theoretically
provide some indication of the type of articular tissue that
is predominantly degraded in RA. In our study, this ratio,
but not PYD and DPD separately, was associated with
radiological progression of bone erosion and JSN inde-
pendently of CTX-II, which is a specific marker of carti-
lage degradation and of Glc—Gal-PYD (a specific marker
of synovial metabolism), suggesting indeed the added
value of this parameter. One possibility is that this ratio
partially reflects structural alterations of bone tissue matrix
associated with increased bone fragility, as suggested by
some ex vivo biochemical studies [53, 54].

We found that high BMI was correlated negatively with
the progression of joint erosion and JSN and that patients
with lower values (<18.5), defined as underweight, had a
4.8-fold (95% CI 1.1-20) higher risk than the patients with
higher BMI (>25) who were defined as overweight. Pre-
viously published reports showed a body weight loss due to
disease activity [55-58] in RA, although no significant
correlation between BMI and inflammation markers
was observed at baseline in our study (data not shown).
Our results agree with studies published previously by
Kaufmann [23], Westhoff [31] and van der Helm-van Mil
[30] which showed that high BMI was protective against
the radiological progression in early RA. It has been
suggested that the relationships between BMI and joint

damage are mediated in part by the adipocytokines secreted
by fat tissues. Interestingly, we recently reported that
increased serum levels of adiponectin—which is negatively
associated with BMI—are associated with a greater overall
joint destruction in patients with RA [59]. Using a bivariate
analysis, we found that triglycerides, but not total choles-
terol and its subfractions were negatively correlated with
radiological progression. However, in the multiple variable
model, triglycerides were not an independent predictors,
possibly because of its positive association with BMI
(r =0.29, p < 0.001).

Previously published data showed that high initial
radiographical damage evaluated with TSS or the Larsen
score was associated with subsequent radiological pro-
gression [16, 17] and that the initial erosion score in par-
ticular has a predicting value for radiological prognosis
[14, 18, 23]. These data were analyzed without biochemical
markers of joint tissue turnover as the initial factors;
however, we found that baseline radiological joint damage
of the extent of JSN was strongly and independently pre-
dictive of biochemical markers of joint tissue turnover
associated with progression.

We believe that the four independent predictors of
radiological progression we identified in this study may
reflect different and complementary information of the
various pathophysiological processes involved in joint
destruction. The baseline Sharp score provides an esti-
mation of the amount of joint destruction that has
occurred, on average, during 2.3 years of disease dura-
tion before the start of the follow-up. Urinary CTX-II is
a dynamic indicator of the rate at which cartilage tissue
will deteriorate during the course of the disease. The
PYD/DPD ratio may be related to increased bone fra-
gility, and the BMI may provide integrated information
on contribution of adipose tissue metabolism to maintain
joint tissues health. These four independent predictors
were statistically selected using those patients with high
disease activity who were participating in the control
arm of the SAMURAI study and who had >6 tender
joints (of 49 evaluated), >6 swollen joints (of 46 eval-
uated joints), ESR of >30 mm/h and CRP of >2 mg/dl.
These predictors may therefore be beneficial for targeting
new biological therapies to patients with rapid progres-
sion of joint destruction.

Although our study covered one of the largest ranges of
predictive variables for the progression of joint damage
ever investigated concomitantly in the same population,
due to sample volume limitation we could not analyze a
number of the biochemical markers that have been reported
to be associated with joint damage in RA, including anti-
CCP antibody, cartilage oligomeric matrix protein (COMP)
[25, 26, 60], osteoprotegerin (OPG) and Receptor Activator
of Nuclear Factor-kappa B Ligand (RANKL) [61]. Our
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study included patients with RA within 5 years of disease
duration, so it remains to be determined whether the same
set of predictive factors will also perform similarly in
patients with earlier RA. Furthermore, our study could not
clarify the prognostic factors in the each type of DMARDs
treatment nor whether CTX-II, the PYD/DPD ratio, the
JSN score and BMI predict progression independent of the
type of DMARDs treatment, since the dose, type and
combination of DMARDs and/or immunosuppressants was
varied and changed according to disease activity at the
discretion of the treating physician in our study. However,
our data could provide the prognostic values of CTX-II,
PYD/DPD ratio, JSN score and BMI in the actual clinical
practice of RA treatment.

In summary, among of a panel of 40 different variables,
we identified baseline joint damage, urinary CTX-II, the
PYD/DPD ratio and BMI as strong and independent factors
of radiological progression in patients with RA receiving
conventional DMARDs. If confirmed in other studies, this
set of few variables may be useful to identify patients with
RA who are at high risk for disease progression.
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