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Abstract

The purpose of the present study was to investigate the value of different markers of coll
metabolism in assessing the disease process and further disease progression in patients with
matory arthritis, mainly rheumatoid arthritis (RA).

In a series of 59 patients with RA and knee joint effusion, the level of synovial fluid (SF) c
boxyterminal telopeptide of type I collagen (ICTP), a marker for type I collagen degradation,
associated with the Larsen’s grade of the corresponding joint (p < 0.001). The mean SF conc
tions of ICTP and the markers of type I and III collagen synthesis (the aminoterminal propeptid
type I and III procollagens, PINP and PIIINP) were higher than those in serum. In addition,
levels of these markers correlated with each other in both serum and SF (p < 0.001 in both
sions).

In a three-year follow-up study of 44 RA patients from the abovementioned series and
patients with other chronic arthritides, a high SF ICTP level turned out to reflect accelerated ra
logical progression in the assessed joint (p < 0.05). Contrary to this, the results on the SF leuk
level were contradictory.

In a population-based cross-sectional series of 90 patients with advanced RA, elevated ba
serum ICTP levels discriminated the patients with a need for total joint replacement surgery
those with milder disease (p = 0.001) in a three-year follow-up.

In a study of 52 patients with recent onset RA, the changes in BMD during a two-year follow
were not associated with the serum level of markers of type I collagen metabolism. In this se
however, the decrease in BMD (measured in the spine and the femoral neck) was smaller tha
lier reported.

In a three-year follow-up series of 63 patients with early RA, the patients with simultaneo
elevated serum ICTP (> 4.6µg/l) and RF positivity at baseline, had an increased risk for progre
sive joint disease (an increase in Larsen’s score > 20 as assessed from radiographs of han
feet) with an odds ratio of 9.1 (95% CI 2.5 to 32.9). A risk profile of this kind may be useful in ea
disease assessment to identify the patients who will need the most active drug therapy.

Keywords:synovial fluid analysis, osteoporosis, PINP, PIIINP
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Abbreviations

ACR: American College of Rheumatology

ARA: American Rheumatism Association

BMD: bone mineral density

BMI: body mass index

BSP: bone sialoprotein

BUA: broadband ultrasonic attenuation

CI: confidence interval

COMP: cartilage oligomeric matrix protein

CrossLaps: carboxyterminal telopeptide (synthetic peptide EKAHDGGR) of type
collagen

CRP: C-reactive protein

DPYD: deoxypyridinoline (correct name lysylpyridinoline)

DPA: dual photon absorptiometry

DXA: dual x-ray absorptiometry

ELISA: enzyme-linked immunosorbent assay

ESR: erythrocyte sedimentation rate

FN: femoral neck

HAQ: Health Assessment Questionnaire

HPLC: high-pressure liquid chromatography

ICTP: carboxyterminal telopeptide (authentic, trivalently cross-linked
peptide) of type I collagen

IP: interphalangeal

LS: lumbar spine

MMP: matrix metalloproteinase

NSAID: non-steroidal anti-inflammatory drug

NTx: aminoterminal telopeptide (authentic, trivalently cross-linked peptide
of type I collagen
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OR: odds ratio

PICP: carboxyterminal propeptide of type I procollagen

PINP: aminoterminal propeptide of type I procollagen

PIIINP: aminoterminal propeptide of type III procollagen

PYD: pyridinoline (correct name hydroxylysylpyridinoline)

QCT: quantitative computed tomography

RA: rheumatoid arthritis

RF: rheumatoid factor

S: serum

SAARD: slow-acting anti-rheumatic drug

SPA: single photon absorptiometry

SD: standard deviation

SF: synovial fluid

TJRS: total joint replacement surgery

T score: BMD as a fraction of the SD of the mean of the previously published
normal values for young adults (20-40 yr) of the same sex

VOS: velocity of sound

WBC: white blood cell

Z score: BMD expressed as a fraction of the SD of the mean of the previousl
published normal values for the patient’s sex and decade of age
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1. Introduction

Impairment and disability in patients with rheumatoid arthritis (RA) mainly result fro
the destructive power of the arthritic component of the disease (Peelet al. 1992). The
degree of joint inflammation is usually assessed by clinical and laboratory measure
disease activity, such as the number of swollen joints, erythrocyte sedimentation
(ESR) and C-reactive protein (CRP). On the other hand, radiographs only show the
results of tissue destruction (Gabriel & Luthra 1988, Kushner 1991, Sharp 1989, Bro
1990). Much research has been done to develop biochemical assays which would r
the ongoing pathological processes in the joints (Peelet al. 1992, Poole 1994, Wollheim
1994). Such tests include those measuring the synthesis and breakdown of different
of collagen (Peelet al. 1992, Poole 1994, Wollheim 1994, Tayloret al. 1994). Yet, rheu-
matoid factor (RF) is still postulated to be the most powerful single predictor of eros
disease in spite of the huge number of laboratory measures evaluated since the
(Young & van der Heijde 1997).

Type I collagen accounts for about 90% of the organic matrix of bone, and is also
major matrix protein in tendons, ligaments and soft connective tissues. Type III colla
is the second most abundant collagen type, and it occurs together with type I in sof
sues (Risteli 1993).Thus, assessment of their synthesis and breakdown might be us
diseases with connective tissue degradation, such as RA.

It has been shown previously that the increased degradation of type I collagen m
red by ICTP was accelerated in patients with advanced RA compared to age- and
matched controls, and the maximum values of degradation products were seen in pa
with signs of aggressive joint disease (Hakalaet al. 1993b). In early RA, increased type I
collagen degradation is also associated with a more erosive disease course (Paimelet al.
1994). Similar results have been found in RA with respect to the serum concentratio
the aminoterminal propeptide of type III procollagen (S-PIIINP), which is a marker
type III collagen synthesis (Hørslev-Petersenet al. 1986, Hørslev-Petersenet al. 1988a).
Inflammatory synovial fluid (SF) contains large amounts of PIIINP (Gressneret al.1984,
Hørslev-Petersenet al.1988b).

Accelerated bone loss leading to osteoporosis is regarded as a common clinical
lem in RA. The bone loss may be periarticular and occur early during the course o
disease prior to erosions, or it may be generalized and occur more gradually (St
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Hochberg 1994). Periarticular osteoporosis on hand radiographs is one of the Ame
Rheumatism Association (ARA) classification criteria for RA (Arnettet al. 1988). The
rate of bone loss has been shown to correlate with disease activity (Sambrooket al.
1985), with the majority of the effect of RA on bone occurring during the early years
the disease (Goughet al.1994, Shenstoneet al.1994).

The aim of the present study was to evaluate the degradative and synthetic proc
involving type I and type III collagen in patients with inflammatory arthritis, especia
RA, and the relationship of these processes to the patients’ clinical state. Collagen m
bolism was assessed by measuring the concentrations of ICTP, PINP, and the amino
nal propeptide of type I procollagen (PINP, an assay of type I collagen synthesis) (Me
et al.1996) in serum and synovial fluid.

In order to estimate the prediction of disease progression based on these col
metabolism measurements, the patients were followed up for 2-3 years. In a commu
based follow-up of patients with advanced RA, we looked for major signs of morbid
such as destruction of large joints, trying to correlate type I collagen degradation with
process. In a series of patients with early RA, both bone mineral density and serum
kers of type I collagen metabolism were regularly measured. The aim was to find out
often patients develop osteopenia, and whether changes in the serum PINP and ICT
centrations correlate with a loss of bone mineral density. In another series of early RA
aim was to compare the predictive power of type I collagen degradation and the m
commonly used laboratory measures, such as CRP and RF, in assessing radiologica
ase progression and to test whether predictive accuracy could be increased by com
these measures.
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2. Review of the literature

2.1. Rheumatoid arthritis (RA)

Rheumatoid arthritis is a heterogeneous disease with a variable course ranging
benign non-deforming oligoarthritis to rapidly progressing destructive polyarthritis.
most western countries, the prevalence of RA is about 0.5-1.0% of the adult popula
being 0.8% in Northern Finland (Hakalaet al. 1993a) if the ARA 1987 criteria are app-
lied (Arnett et al. 1988). In Finland, Kaipiainen-Seppänen (1996) reported the ann
incidence of RA to be 39/100 000 of the adult population, while the corresponding fi
res for ankylosing spondylitis, psoriatic arthritis and juvenile RA were 7/100 000, 6/1
000 and 14/100 000, respectively.

The major abnormalities caused by RA appear in synovial articulations symmetric
on both sides of the body. The initial changes consist of synovial proliferation, fusifo
soft tissue swelling, and periarticular osteoporosis. Somewhat later, the inflamed s
vial tissue or pannus extends across the cartilaginous surface, leading to chondra
sions. Small osseous erosions then appear at the margins of the joints, and finally, d
loss of joint space develops. At more advanced stages, large marginal and central er
and cysts appear. In advanced RA, fibrous ankylosis of the joint may be seen. The s
vium of bursae and tendon sheaths is also affected (Resnick & Niwayama 1995). The
liferative and heterogeneous mass of rheumatoid synovium has a capacity to erode
and destroy cartilage and tendons similarly to localized malignancies (Harris 1997).

2.2. Seronegative spondylarthropathies

Psoriatic arthritis, which is one of the major seronegative spondylarthropathies, prod
significant abnormalities of cartilaginous joints and enthesis as well as synovial artic
tions. As in RA, the predominant target area in the synovial joints in seronegative s
dylarthropathies appears to be the synovial membrane, while the inflammatory cha
are of lesser intensity. Also, the severity and frequency of inflammation in bursae
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tendon sheaths may be somewhat milder than in RA (Resnick & Niwayama 1995). W
the exception of psoriatic arthritis, seronegative spondylarthropathies characteristi
involve lower limb rather than upper limb joints (Riordan & Dieppe 1989).

2.3. Markers used in the diagnosis and assessment of RA

2.3.1. Genetic markers

Familial aggregation of RA is largely restricted to the families of probands with relati
ly severe disease, suggesting that the genetic component of the disease may be mo
vant for disease severity (Emery 1997). The availability of serological typing showe
genetic association of RA with the major histocompatibility complex Class II HLA-DR
antigen (Stastny 1974 & Stastny 1978). The HLA-DR4 (and DR1) subtypes assoc
with an increased prevalence of RA have a common amino acid sequence in the pe
binding area of the HLA molecule, called shared epitope (Wordsworth & Bell 199
There are variations in the prevalence of the shared epitope in different racial popula
(Emery 1997). Among severely affected hospitalized patients the prevalence of the s
epitope is notably high, having been up to 90% in certain studies (Wordsworth & B
1990). There is a hierarchy of prevalence varying from relatively little enrichment
community-based studies of mild disease up to a maximum in inpatients and sub
with severe disease, with the highest prevalence seen in patients with Felty’s synd
(Emery 1997, Hakalaet al.1997).

2.3.2. Immunologic markers

2.3.2.1. Rheumatoid factor

Rheumatoid factor is a circulating antibody acting against multiple antigenic dete
nants on the Fc fragment of the IgG molecule. The conventional agglutination and im
noturbidimetric techniques measure predominantly IgM class RF. However, radioim
noassay or enzyme-linked immunosorbent assay (ELISA) allow measurement o
belonging to all the major immunoglobulin classes (IgM, IgG and IgA) (Harris 1997).

In clinical settings, RF can be detected in most cases of RA, but only occasional
the sera of healthy subjects (Ahoet al. 1994). However, only a minority, i.e. up to abou
one third, of those living in community and exhibiting positive RF reactions show clini
and/or radiological evidence of RA (Kellgren 1966). Subjects with RA have higher a
rage RF levels than those with false-positive RF reactions. The proportion of RA c
among RF positives is thus dependent on the sensitivity of the test techniques (Ahoet al.
1994). Another determinant in this respect is the prevalence of RA in the population
often precedes the onset of RA by years (Ahoet al. 1985, Ahoet al. 1994). According to
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the Mini-Finland Health Survey, healthy subjects with positive sensitized sheep cell
lutination test results had an approximately 40-fold risk of developing RF-positive
compared to subjects with negative results during a 10-year period (Ahoet al.1994).

It has been suggested that RF may have a pathogenetic role in RA. For exampl
administration of human IgG or IgM monoclonal RF to mice immunized with collag
type II markedly enhanced the activity and severity of the ensuing collagen-indu
arthritis and the levels of circulating anticollagen antibodies (Ezakiet al. 1996). In addi-
tion, the presence of RF and its serum level associate with the severity of RA, suc
radiologic erosions, poor outcome, and extra-articular manifestations, including rheu
toid nodules and vasculitis (Paimelaet al. 1995, Richardson & Emery 1996, van Zeben &
Breedveld 1996, Sarauxet al. 1997). Although some studies have not shown RF to
predictive of erosions (Fexet al. 1996), it should be noted in this regard that RF-positiv
RA patients may turn seronegative in the course of therapy or vice versa (Smolen &
ner 1998).

About one third of patients initially presenting with symptoms and signs compat
with RA are seronegative according to the results of conventional RF tests (Masiet al.
1976, Heliövaaraet al. 1993). It is important to remember, however, that these patie
have some kind of inflammatory joint disease, whatever it may be. On an average,
negative patients tend to have a more favourable disease course than those with po
RF reactions, and many of them end up in complete remission (Isomäki 1987). T
remains, however, a variable but relatively small proportion of patients who deve
chronic progressive disease.

In an eight-year follow-up of a community-based cohort of 150 patients with rece
onset arthritis, Ahoet al. (1989) found that the radiological index values in high-titr
groups were no higher than the average values for seropositive cases. Thus, no se
gradient based on RF titre could be demonstrated. On the other hand, Paimelaet al.
(1995) followed up 78 patients with early RA for three years and found that initial
positivity alone was a sensitive predictor for subsequent joint destruction, but quan
tive measurement of the initial RF level, and especially repeated measurements o
seemed to add significantly to the prognostic value of RF in distinguishing between p
ressive and non-progressive disease.

2.3.2.2. Other marker antibodies

The presence or absence of circulating RF has long been used to divide chronic pe
ral arthritis into two categories, seropositive and seronegative (Masi & Feigenb
1983). Seropositive RA may represent a single disease, whereas seronegative RA i
ly to be a combination of different entities. The initial heterogeneity of seronegative
diminished when several subsets of it, such as chronic uroarthritis and psoriatic arthr
hy, were assigned specific labels on the basis of their clinical and immunogenetic ch
teristics. It has been proposed that the definition of seropositive RA should be extend
include all patients with RA who have any of the currently known marker antibodies
RA, including the antibody against the perinuclear factor in human buccal mucosa c
the antibody against the keratin-associated component in the stratum corneum of ra
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phagus and possibly also theanti-RA33(Aho & Kurki 1994). Antikeratin antibodyis a
highly specific, although not very sensitive, marker of RA. On an average, 40-50%
sera from patients with established RA have been positive. The test forantiperinuclear
factor is more sensitive but less specific than that for antikeratin antibody; the freque
of positive reactions in RA patients has been about 60-80%. Although the available
dence seems to indicate that both antibodies are associated with erosive chronic RA
may not define any subgroup with a particularly severe disease among such patients
Essenet al.1993).

The absence of the above marker antibodies means that there is no humoral evi
of the rheumatoid immunological process, i.e., the disease is seronegative. The pre
of one, and preferably more than one, of the marker antibodies is indicative of an un
lying immunological process, which shows the disease to be seropositive. With respe
RF alone, it might be appropriate to speak of RF-positive versus RF-negative dis
(Aho & Kurki 1994).

2.3.3. Acute phase reactants

Inflammation resulting from any form of tissue injury causes an increase in the conc
ration of a number of liver-derived plasma proteins, which appear to have important f
tions in the inflammatory process. This physiological event is known as the acute p
response, and it is accompanied by several other systemic responses, such as fever
cytosis and muscle proteolysis. The measurement of acute phase proteins in plasm
vides a clinically valuable indication of the presence of inflammation and its ext
(Whicher & Dieppe 1985).

The most commonly used measurements of the acute phase response are ESR,
viscosity, CRP, orosomucoid, haptoglobin and alpha 1-antitrypsin (Whicher & Die
1985). The most potent inducers of hepatic synthesis of the acute phase proteins a
cytokines interleukin 1, interleukin 6 and tumour necrosis factor, which interact mutu
in a complicated way (Wollheim & Eberhardt 1992). The various acute phase prot
respond differently to different combinations of cytokines, which may explain the occ
rence of different patterns of acute phase response.

2.3.3.1. Erythrocyte sedimentation rate (ESR)

ESR is a widely used laboratory measure of disease activity in clinical medicine. It i
rectly reflects the potentially increased concentrations of serum proteins, particu
asymmetric molecules, such as fibrinogen, but also other acute phase proteins and i
noglobulins. ESR is also affected by factors independent of inflammation, such
erythrocyte morphology (Wollheim & Eberhardt 1992).

When evaluating the relative efficacy of different laboratory measures in an effor
detect the effects of treatment in RA, Bullet al. (1989) found ESR to be the best singl
measure. Ninety per cent of the information obtained from a total of 12 laboratory t
was obtained from ESR alone. The measures that were compared included plasma
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sity, serum orosomucoid, CRP and fibrinogen. Even though ESR has repeatedly
found a poorer indicator of disease activity than CRP in RA (Blackburn 1994), van
Heijde (1991) achieved a 75% success rate in predicting the absence or presence of
logical damage by means of the baseline ESR value and HLA-DR4 status over a fo
up of two years.

2.3.3.2. C-reactive protein (CRP)

CRP is the acute-phase protein that has been most widely assessed. It can be me
quantitatively with immunoassays that are both simple and rapid to perform. The p
nostic value of CRP measurement has mostly been evaluated for the short-term ou
of RA. McConkeyet al. (1972) studied 187 patients with RA for 3 years and conclud
that acute phase proteins reflected exacerbations and remissions of RA and, overa
lected the course of the disease. It was also concluded that CRP reflected disease a
better than the other acute phase proteins or ESR. Mallyaet al. (1982) studied 99 patie-
nts with RA in a more quantitative manner. They evaluated disease activity with an in
composed of morning stiffness, visual analogue scale, grip strength, articular in
hemoglobin, and ESR. They correlated CRP with the disease activity index and fou
good overall correlation. Otterness (1994) found CRP to correlate with clinical dise
activity, radiologic progression, and response to therapy. Eberhardtet al. (1990) used the
baseline CRP value together with RF titre and found an accuracy of 67% when pre
ting radiological severity in a two-year follow-up of early RA. The prediction wa
somewhat improved if disease activity during the first 6 months was included (Wollh
& Eberhardt 1992).

2.3.3.3. ESR versus CRP in inflammatory arthritis

Amoset al. (1977) and Daweset al. (1986) both found that patients with consistently low
ESR and CRP levels were less likely to develop progressive radiological damage. S
ral other authors have found correlations between one or some of the acute-phase
tants and radiological progression (Wollheim & Eberhardt 1992).

Both McConkeyet al. (1972) and Mallyaet al. (1982) postulated that CRP is a bette
indicator of disease activity than ESR in RA. Nevertheless, Wolfe (1997) reported
simple comparisons between ESR and CRP suggested the two tests to be similar, bu
tial correlation analysis indicated that part of the correlation between ESR and clin
variables came from non-acute phase factors (Wolfe 1997). These factors, in turn,
responsible for most of the discordance between the ESR and CRP results. Thus,
appeared to be the better test in view of measurement of the acute phase. Because
sensitive to immunoglobulins, it may measure general severity better than CRP,
though it is a poorer measure of inflammation. This may have accounted for the rela
equivalence of the tests. The combination of ESR and CRP is thought to yield us
information that is often not apparent when only a single test is used (Wolfe 1997).



20

oun-
ent
ain-
ol-
olla-
gen

, the
n-

he
rmi-
are

e the
rm of
&

hat,
is of
olla-
de-
li &

the
ake
h
sed

the
e
ized

gh-

olla-
II

uc-
2.4. Type I-III collagens

2.4.1. Type I collagen

Type I collagen is one of the most abundant protein species in the human body, acc
ting for at least 70% of total collagens, i.e. for 2-3 kg in an adult. Most of this is pres
in bones, where about 90% of the organic matrix consists of type I collagen. The rem
der is found in soft connective tissues all over the body, a lot of it in skin. The type I c
lagen molecule is a long, rigid rod - a shape necessary for its function as part of the c
gen fiber in tissue. Two of the three constituent chains of the normal type I colla
molecule are identicalα1(I) chains, while the third is a different but homologousα2(I)
chain. These chains are all intertwined into a triple helix. The original gene products
pro-α1(I) and pro-α2(I) of type I procollagen, are about 50% longer than the correspo
ding final products,α chains. The two additional, bulky domains at both ends of t
molecule are usually called the aminoterminal (abbreviation PINP) and the carboxyte
nal (PICP) propeptide of type I procollagen, despite their relatively large sizes, which
clearly outside the ordinary definition of peptide. These parts are removeden blocfrom
the procollagen by two specific endoproteinases, the N- and C-proteinases, onc
molecule has reached the extracellular space. In abnormal situations, a variant fo
type I collagen containing threeα1(I) chains can be synthesized (Risteli 1993, Risteli
Risteli 1999).

The synthesis of type I collagen involves the production of specific by-products t
among other things, provide a possibility for elegantly assessing the rate of synthes
this collagen. Another set of metabolic products is related to the degradation of this c
gen, which may occur either together with the dissolution of the mineral phase or in
pendently, when there is increased breakdown of the nonmineralized matrix (Riste
Risteli 1999).

2.4.2. Type II collagen

Type II collagen is the major fibrous collagen of cartilage, representing 80-90% of
collagen in this tissue. Type II collagen is produced by chondrocytes, and its fibers m
up 40-50% of cartilage dry weight. It is closely linked with type XI collagen, with whic
it has striking sequence homology. The globular domains of type XI and the increa
glycosylation of type II collagen compared with the types I and III may have a role in
determination of the fibril diameter. Type II collagen is structurally highly similar to typ
I collagen and may cause arthritis if genetically susceptible rats and mice are immun
with it. The major function of type II collagen is to provide the tensile strength and tou
ness of cartilage (Harris 1997).

There are a few reports about measurement specific to the metabolism of type II c
gen. Månssonet al. (1995) measured elevated levels of serum C-propeptide of type
procollagen, a marker of collagen II synthesis, in RA patients with rapid hip joint destr
tion, suggesting a selective increase in collagen synthesis.
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2.4.3. Type III collagen

The main cells synthesizing type I collagen in soft tissues are fibroblasts, which
always produce significant amounts of type III collagen (Risteli & Risteli 1999). Type
collagen is the second most abundant collagen type in the human body. Its thin fi
constitute the principal collagen in blood vessels and, together with type I collagen
newly formed soft connective tissue (Harris 1997). Its relative concentration is particu
ly large in young, metabolically active connective tissue, e.g. the granulation tissue
healing wound. During wound healing its proportion decreases, probably due to the
life, which is shorter for type III collagen than for type I collagen. The type III collage
molecule is a homotrimer of three identicalα1(III) chains. Its fibres are generally thinner
than those containing mainly type I collagen (Risteli 1993) and these fibers are cov
by type III pN-collagen with retained aminoterminal propeptide. Such molecules
believed to prevent further lateral growth of the fiber.

2.5. Non-collagenous bone formation markers

Alkaline phosphataseis an enzyme synthesized by a number of tissues. The bone-sp
fic isoenzyme is produced by osteoblasts and localized in the matrix vesicles. The s
activity of this isoenzyme correlates with the bone formation rates determined by b
histomorphometry (Eastellet al. 1988). The alkaline phosphatase molecules produced
bone, liver and kidney are all formed from an identical gene product, and the three t
differ only in their post-translational carbohydrate modifications (Peel & Eastell 199
Radioimmunoassay for bone alkaline phosphatase can be used to assess bone tu
whenever the total alkaline phosphatase activity is not more than 2.6-fold compare
the upper limit of the normal range (Garnero & Delmas 1993).

Osteocalcin (bone Gla protein, BGP)is a vitamin K-dependent protein that has bee
estimated to account for up to 26% of all noncollagenous protein in bone. It is prese
bone and dentin (Cormier 1995). This peptide is produced by osteoblasts during bon
mation and incorporated into the bone matrix, where it may have a role in mineraliza
A small proportion of newly synthesized osteocalcin is not incorporated into the ma
and is released into serum, where it can be measured by radioimmunoassay (Peel &
tell 1993). Since intact osteocalcin is not released from the bone matrix on bone res
tion, intact osteocalcin levels in serum reflect the bone formation rate and correlate b
with the rates measured by bone histomorphometry than bone alkaline phosphate (E
et al 1988). However, there are limitations to this marker in some clinical situations, s
as in RA patients or in patients receiving corticosteroids. Osteocalcin is also hig
unstable, and in order to measure it, serum samples should be frozen within 1 hour o
lection (Peel & Eastell 1993). The studies of osteocalcin in RA have been inconclus
with approximately equal numbers of studies showing increased and decreased s
levels (Sambrooket al. 1985a, Geverset al. 1986, Weismanet al. 1986, Aroso Diaset al.
1989). It is generally accepted that patients receiving corticosteroids, which are know
suppress bone formation, have low serum osteocalcin levels (Peelet al. 1992). A pos-
sible explanation for the contradictory evidence has been provided by Fairneyet al.
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(1990), whose work suggested that patients with severe RA produce small amoun
active (fully carboxylated) and larger amounts of inactive (non-carboxylated) osteoca
compared to individuals with osteoarthrosis. They postulate that patients with RA
have abnormal osteoblast function.

2.6. Products of type I and III collagen synthesis

2.6.1. Carboxyterminal propeptide of type I procollagen (PICP)

A radioimmunoassay for human PICP was first described in 1974 (Taubmanet al.). The
molecular weight of the propeptide is 100 kd, and two main bands of about 30 kd e
appear after reduction. The propeptide was first thought to be derived from the amin
minal end of type I procollagen, but was later identified as a carboxypeptide. Elev
serum levels have been found in patients with Paget’s disease (Simonet al. 1984) and
various liver diseases (Savolainenet al. 1983). The elevated values observed in Page
disease correlated with the extent and activity of the disease as determined by serum
line phosphatase (Partiffet al. 1987). Exogenous hormone treatment elevated the ser
PICP concentrations in growth hormone-deficient children (Careyet al.1985). A low rate
of type I collagen synthesis, as assessed by PICP in serum, has been previously re
in RA (Krögeret al.1993)

2.6.2. Aminoterminal propeptide of type I procollagen (PINP)

The aminoterminal propeptide of type I procollagen contains a collagenous domain
thus has the shape of a short rod with a more globular part at the end. The molecular
of the propeptide is about 35 kd. The circulating antigenicity related to PINP can
resolved into two peaks with different molecular sizes, the first of which is identica
the free, authentic trimeric antigen, while the latter resembles part of a single doma
the pro-α1(I) chain of PINP (Melkkoet al. 1996). The origin of the smaller forms of
PINP is most probably the degradation of newly synthesized type I procollagen or ty
pN-collagen with the retained propeptide. Thus, the exclusive assay of intact PINP s
to be more sensitive than total PINP for detecting changes in the rate of bone coll
synthesis (Risteli & Risteli 1999). For instance, estrogen treatment in postmenopa
women leads to a 42% decrease in the circulating concentrations of intact PINP, co
red with the 30% decrease observed with an assay measuring both antigenic
(Suvanto-Luukkonenet al. 1997). In postmenopausal women with hormone replacem
therapy, the changes in intact PINP were twofold compared to those in PICP (Sharpet al.
1996). In a study where 206 pre- and postmenopausal breast cancer patients with n
tastatic disease were followed up for two years, an increase in the concentration of i
PINP at 12 months predicted a further loss of BMD at 24 months (Saartoet al.1998).
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2.6.3. Aminoterminal propeptide of type III procollagen (PIIINP)

The aminoterminal propeptide of type III procollagen is an elongated molecule with
overall molecular mass of 42 kd that consists of three identical polypeptide chains lin
by disulphide bonds. The elongated shape of PIIINP is due to the fact that the centra
of PIIINP contains a collagen-like triple helix, where every third amino acid is glyci
and where several hydroxyproline residues are also located. PIIINP resembles PIN
overall structure (Risteliet al.1993).

The helical domain of PIIINP can be digested away with bacterial collagenase.
different parts of PIIINP are conventionally named according to their elution position
gel filtration after such digestion. The aminoterminus, known as Col 1, is the most im
nogenic region in the molecule, while most anti-PIIINP antibodies recognize the ant
nic determinants present in this part (Risteliet al.1993).

The serum concentrations of PIIINP were elevated in active RA and showed some
relation with the clinical and serological signs of disease activity (Hørslev-Petersenet al.
1986, Hørslev-Petersenet al. 1988a). Inflammatory synovial fluid (SF) contains larg
amounts of PIIINP (Gressneret al. 1984, Hørslev-Petersenet al. 1988). The high SF:S
PIIINP ratios found in such patients suggest local production and release of the pr
from the joint via lymphatics into the circulation (Hørslev-Petersenet al.1988b, Jensenet
al. 1993).

2.7. Degradation products of type I collagen

4-hydroxyproline, an imino acid formed in a posttranslational enzyme reaction from p
line, is a necessary requirement for the stability of the triple-helical conformation of
collagen molecule at body temperature. It makes up about 12% of the weight of the c
gen molecule, and can thus be used as a measure of the tissue collagen content. Ac
rolysis followed by a chemical colour reaction to assess this imino acid can be used
for tissue samples and for urine.

Once freed from the helical part of a collagen molecule,hydroxyprolinecan no longer
be incorporated into a new protein; yet, exogenous hydroxyproline is absorbed from
diet. Most of the imino acid (up to 90%) is metabolized in the liver, but some is alw
passed into the urine. The increase of hydroxyproline correlates with growth velocit
children and with the presence of bone degradation processes, e.g. bone metasta
cancers, in adults (Risteli & Risteli 1999). A generally enhanced bone metabolic rate
increases urinary hydroxyproline excretion. Some hydroxyproline is directly derived fr
collagen synthesis, since it is present in the helical domain of PINP and PIIINP. Altho
urinary hydroxyproline has been used as a marker of bone resorption for a long time
relatively non-specific owing to the fact that it is present in many types of collagen
that only about 10% of hydroxyproline is excreted into urine. Furthermore, in inflamm
tory conditions, the complement component C1q may elevate the urinary hydroxypro
levels since it contains collagen-like amino acid sequences in the form of a triple hel
part of its structure (Robins 1982, Reid 1982).
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In contrast to the 4-hydroxyproline content, which is similar in all type I collagens,
extent of other posttranslational modifications varies from one situation and tissu
another. Such modifications include the hydroxylation of lysine and the hydroxylation
proline at position 3, leading to the formation of 3-hydroxyproline. The presence o
half-way glycosylated hydroxylysine,galactosylhydroxylysine, has been suggested to b
characteristic of adult bone tissue, and the excretion of this amino acid into urine has
used as a marker of bone collagen degradation (Betticaet al.1996). Nevertheless, it is not
suitable for routine measurements because high-pressure liquid chromatography (H
a complex and demanding technique, must be used (Cormier 1995).

2.7.1. Collagen cross-links

The biological function of fibrillar collagen is to provide the tissue with tensile streng
The tensile strength is due to the covalent bonds, known as collagen cross-links
develop between individual collagen molecules in a collagen fiber. The cross-links
formed in a complicated series of partially alternative chemical reactions that gradu
lead, through divalent cross-links joining two polypeptide chains, to multivalent, i.e.
or even tetravalent, cross-links (Eyreet al 1984). The continuation of cross-linking exp
lains the fact that older collagen in soft tissues is progressively less soluble when stu
in various ways, e.g. by digestion with pepsin or bacterial collagenase. In addition to
intermolecular cross-links essential for tensile strength, intramolecular cross-links
exist (Risteli & Risteli 1999). In soft tissues, conditions associated with rapid remod
ling of tissue seem to involve a different route of collagen degradation than does tu
ver under steady-state conditions (Evertset al.1996).

A characteristic approach in resolving the structure of collagen cross-links has be
isolate these compounds from hydrolyzed tissue samples, i.e. to destroy the inform
of their original locations in collagen molecules. According to this tradition, the conce
rations of either free or total cross-links can be measured in different body fluids, usu
urine. This approach is more specific for assessing the breakdown of fibrillar colla
than the measurement of hydroxyproline, as the cross-links can only be derived from
degradation of collagen molecules that have participated in collagen fibers. Furtherm
pyridinoline cross-links are not absorbed from the diet, which means that their excre
is related only to their endogenous formation (Risteli & Risteli 1999). The urinary exc
tion of cross-links has been validated as a marker of the bone resorption rate (Seibelet al.
1992), but a substantial day-to-day variation in the deoxypyridinoline concentrations
been reported (Seyedinet al. 1993). Because urinary cross-link excretion decreases
30% between 8:00 and 11.00 a.m. (Schlemmeret al. 1992), sampling time is important
for reproducible results.
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2.7.1.1. Pyridinoline and deoxypyridinoline

Pyridinoline (PYD)anddeoxypyridinoline (DPYD), chemically correctly known as hyd-
roxylysylpyridinoline and lysylpyridinoline, respectively, are the two nonreducible triv
lent cross-links that stabilize type I collagen chains and are released during the degr
on of mature collagen fibrils. Pyridinoline is abundant in bone and cartilage, whe
deoxypyridinoline is largely, although not entirely, confined to bone. Type III collag
also contains pyridinoline cross-links at the aminoterminus. Total PYD and DPYD
measured in hydrolyzed urine samples by fluorimetric detection after reversed-p
HPLC. This technique requires extensive sample pretreatment and purification s
which limit its clinical application. It is possible to measure only free fractions of py
dinoline by avoiding the hydrolysis steps. During bone degradation, only about 40%
the cross-links are excreted in a free form. The remaining 60% continue to be pep
bound (Cormier 1995).

The earlier studies to measure collagen degradation in RA with assays of PYD
DPYD have shown controversial results as to the association with radiological prog
sion in hands and feet (Robinset al.1986, Seibelet al.1989).

2.7.1.2. Cross-linked aminoterminal telopeptide of type I collagen

It has been established that type I collagen has two cross-link forming sites, one in
aminoterminal peptide region and another in the carboxyterminal region of the molec
Immunoassays to detect both N-telopeptide of type I collagen and carboxyterminal
peptide of type I collagen (ICTP) have been described. The use of N-telopeptide of ty
collagen as assayed in 24-hour urine samples (NTx) has been suggested to be valua
monitoring changes in bone turnover in individual patients, for instance, after antires
tive therapy (Cormier 1995). NTx is an assay recognizing small cross-linked pept
from urine that are derived from type I collagen. The assay is said to be a specific
responsive index of bone resorption activity (Garneroet al. 1994). No studies of RA
patients had addressed urinary NTx excretion, until St. Clairet al. (1998) recently found
urinary NTx excretion to be more abundant in patients with RA than in healthy contro

2.7.1.3. Cross-linked carboxyterminal telopeptide of type I collagen (ICT

The ICTP antigen preparedin vitro is a cross-linked peptide derived from mature type
collagen fibres. A similar, though somewhat larger, antigen seems to be liberated d
the turnover of type I collagen fibresin vivo and can be found in human serum. ICTP
contains a mature trivalent collagen cross-link and adjacent peptide material from
polypeptide chains. Two of these are the carboxyterminal ends of theα1 chains of one
type I collagen molecule and the third is derived from either anα1 or anα2 chain of the
helical region of another molecule. This structure has been verified by N-terminal
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tein sequencing. A compound of this kind can only be derived from the degradatio
type I collagen molecules which have participated in the formation of collagen fib
(Risteli et al.1993).

The standard and tracer antigens of the assay are cross-linked ICTP collagen libe
by digestion with bacterial collagenase or trypsin from decalcified human femoral bo
The ICTP assay has been shown to be a reliable marker for increased type I col
degradation in situations that include local destruction of bone tissue, e.g. multiple m
loma (Elomaaet al. 1992), bone metastases from carcinomas (Arugaet al. 1997), and
both early and advanced RA (Hakalaet al. 1993b, Kotaniemiet al. 1994, Paimelaet al.
1994). On the other hand, the circulating ICTP antigen levels do not reflect accelerat
retarded physiological bone resorption, such as seen in the postmenopausal state or
the use of estrogen replacement therapy (Hassageret al. 1994) or short-term treatment
with bisphosphonates (Garneroet al. 1994). To determine the reason for this discrepanc
Sassiet al. (submitted) designed a study to characterize the antigenic determinant o
ICTP assay. They measured the immunoreactivity of the cleavage products of the m
osteoclastic enzyme, cathepsin K. They showed that cathepsin K cleaves the triv
ICTP structure between the phenylalanine-rich region and the cross-link, destroying
reactivity with ICTP antibodies. They postulated that, in vivo, the above process is pa
physiologic and postmenopausal bone resorption, whereas the increased circulating con
centrations of immunoreactive ICTP found in other clinical situations, as in multiple m
loma and RA, are not primarily derived from physiological cathepsin-K-mediate
osteoclastic bone turnover.

In a recent cross-sectional analysis, where 5 different markers of collagen degrad
were tested in patients with advanced RA, serum ICTP together with urinary pyridino
(PYD) were found superior to the other tested markers (urinary deoxypyridinoline,
telopeptide and CrosslapsTM assay for the C-telopeptide cross-linking domain) in disc
minating patients with RA from healthy controls (St. Clairet al. 1998). These measures
also had minimal short-term, day-to-day variability, and they were hence suggested
useful in assessing the effect of potentially disease-modifying drug therapies (Cortetet al.
1998).

2.8. Non-collagenous bone resorption markers

Osteoclasts contain atartrate-resistant acid phosphatasethat is released into the circula-
tion. The lack of specificity of this enzyme in plasma, its instability in frozen sampl
and the presence of enzyme inhibitors in serum limit its clinical usefulness as a b
resorption marker (Cormier 1995).

2.9. Collagen degradation enzymes

The sequence of collagenolysis in mammalian tissues begins when active collag
attaches to individual triple-helical molecules approximately three fourths of the w
from the amino-terminal end of the molecule and cleaves through all the three polyp
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de helical chains. The two fragments that are produced denature at temperatures
32°C. The fragments lose their helical structure, uncoil into gelatin, and either are de
ded by extracellular proteases (e.g. stromelysin, gelatinase) or are endocytosed and
ded within phagolysosomes (Harris 1997).

The initial step at the breakdown of the connective tissue matrix in both physiolog
and pathological situations is an extracellular process, often involvingmatrix metallopro-
teinases(MMPs) that function at neutral pH. In certain special environments,cysteine
proteinaseswith more acidic pH optima are also active, and in rapid resorption or infla
matory events,serine proteinasesare released by invading cells. Mechanical disruptio
and the presence of free radicals may also augment the degradative process. Matrix
ments subsequently undergo phagocytosis for processing intracellularly within the l
somal system. These processes are normally strictly regulated by a complex interpl
cell-cell and cell-matrix interactions involving the production of proteinases, activat
inhibitors and other regulatory molecules (Murphy & Hembry 1992).

MMPs comprise a multigene family of at least 10 members. They can be grouped
3 main classes. Group 1 includes MMP-1 (interstitial) and MMP-8 (neutrophil) co
genase, whose major substrates are collagen types I, II and III. Group 2 contains the
tinases/type IV collagenases. The third group is made up of the stromelysins: strome
1 (MMP-3), stromelysin 2 (MMP-10), and pump-1 (MMP-7). The stromelysins are act
against a broad spectrum of substrates, e.g., proteoglycans, laminin, fibronectin, and
collagens (Vincentiet al. 1994). Stromelysin 1 is more abundant and is found more co
sistently in different samples of rheumatoid synovium than either gelatinase or c
genase (Harris 1997).

In a study by Maedaet al. (1995), collagenase (MMP-1) levels in the synovial fluid o
RA patients correlated positively with the degree of synovial fluid inflammation. Neve
heless, the synovial fluid collagenase concentrations did not correlate with the C-rea
protein levels in serum. The authors suggested that this finding supported the obs
tions that there is often a discordance between the inflammatory and proliferative com
nents of rheumatoid arthritis.

2.10. Synovial fluid analysis

Sampling of synovial fluid (SF) is one of the most useful tests available to the clinic
for evaluating a patient with joint complaints, because it may provide a specific diag
sis, such as septic arthritis and gout, and thus expedite the choice of a specific treat
Arthrocentesis is generally a simple, successful, and relatively noninvasive way to ga
critical information that is available in no other way; the difficulties lie primarily in th
interpretation of the findings (Shmerling 1994).

Pain and swelling in joints is a fundamental feature of inflammatory arthritis, such
RA, while the amount of synovial fluid often increases at the same time. Synovial fl
analysis is commonly used to diagnose arthritis and to evaluate the inflammatory ac
of joint effusion. There is increasing evidence to suggest that SF analysis may he
analysing the further destruction of an individual joint in patients with arthritis (Peelet al.
1992, Poole 1994, Wollheim 1994, Tayloret al.1994).
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The white blood cell (WBC) count is a helpful test in differential diagnosis, thou
nonspecific. The number of cells gives an important index of the strength of the infl
mation within the joint at the time of aspiration. Cell counts may range from more th
100,000 cells/mm3, as in septic arthritis, gout, reactive arthritis, and severe RA, to le
than 200 cells/mm3 in mild trauma or osteoarthrosis (Schumacher 1993). The numbe
WBCs per cubic millimeter has relevance for joint destruction when the counts are h
Active proteases capable of degrading the cartilage matrix and collagen are usuall
measurable in synovial fluid because they are inhibited by protease inhibitors. Howe
collagenase and other proteases can be detected in synovial fluid when the neut
count exceeds 50,000 cells/mm3. At these levels, the available inhibitors become satur
ted (Harris 1997).

Neutrophils may have a turnover rate of more than 1 x 109 cells/day in an inflamed
knee joint. Their numbers in fluid can be influenced markedly by large doses of gluco
ticoids, but by few other compounds. The differential WBC count in synovial fluid
rarely of help in differential diagnosis, principally because the number of neutrophils
percentage of the total also increases as the total number of cells increases. In nonin
matory effusions the neutrophil:mononuclear cell ratio may be as low as 1:1, but onc
cell number exceeds 5,000/mm3, a 10:1 neutrophil excess over the other cell types can
expected (Harris 1997).

Only a few studies have been performed concerning the prognostic value of routin
analysis in joint inflammation. In a study by Luukkainenet al. (1989), where 30 patients
with RA were evaluated, SF leukocytes were higher in patients with progressive rad
gical destruction in the knee joint compared to patients with no deterioration of the La
X-ray grade during a follow-up of about 3.5 years. In another study by Luukkainenet al.
(1993), where 29 patients with erosive RA and hydropsy in a knee joint were followed
7.5 years, SF leukocytes and SF polymorphonuclear leukocytes did not have any pro
tic value, however.

2.10.1. Non-collagenous synthesis and breakdown products of synovi
membrane, bone and cartilage in synovial fluid and serum

Much interest has been shown in the measurement of the synthesis and breakdown
ferent components of bone and cartilage. The quantification of tissue-derived macrom
cules or their fragments in serum is a possible way to assess the destructive potentia
rationale for this is the hypothesis that increased or changing serum levels of a tis
derived “marker“ reflect changes in tissue turnover. If sustained for a certain perio
time, such changes may lead to uncoupling of the normal balance between matrix d
dation and repair, and permanent joint damage may ensue (Fexet al. 1997). Examples of
such tissue-derived macromolecules arecartilage oligomeric matrix protein (COMP),
bone sialoprotein and hyaluronate,which are putative markers for cartilage, bone an
synovial tissue metabolism, respectively.

Saxneet al. (1987) studied a group of patients with RA from whom knee joint SF h
been aspirated 10 years previously and found a correlation between the SFproteoglycan
concentrations and the degree of subsequent radiographic joint destruction. In two
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studies, an increasing SF bone sialoprotein concentration was accompanied by incre
degrees of knee joint damage (Saxneet al. 1995, Månssonet al. 1997). Bone sialoprotein
is a bone-specific macromolecule which constitutes some 12% of the noncollagenous
teins in bone, being hence a major component of this group of proteins (Fisheret al.
1990). This protein is released from bone into the circulation, where it can be quant
by immunoassay (Saxneet al. 1995). Serum levels of bone sialoprotein are increased
patients with RA compared with both healthy controls and patients with non-erosive r
tive arthritis (Saxneet al.1995).

In a longitudinal study by Månssonet al. (1997), the SF aggrecan, i.e. COMP, concen
rations were initially highest in the group of RA patients with developing joint destru
tion. Increased serum concentrations of COMP early after the disease onset have
found in RA patients who developed severe large-joint (hip or knee) destruction lea
to joint replacement (Forslindet al.1992) within 2-3 years after the disease onset, thou
the elevated concentrations markedly decreased during the follow-up.

Serum hyaluronate in RA is believed to originate mainly from the inflamed synov
membrane (Laurentet al. 1995). Although serum hyaluronate often correlates marked
well with the levels of CRP or with ESR, additional prognostic value is suggested b
study where serum hyaluronate correlated with the radiological progression of joint
ions in the hands and feet of patients with early RA (Paimelaet al.1991). Nevertheless, in
another longitudinal study of patients with different outcomes with regard to large-jo
destruction, somewhat contradictory results have been obtained (Fexet al.1997).

In a study by Fexet al. (1997), serum concentrations of COMP, bone sialoprotein
hyaluronate were not useful for identifying patients prone to small-joint destruction
5-year follow-up of early RA. The serum concentration of hyaluronate at inclusion co
lated with the radiographic score at follow-up, but was not a better predictor in this
pect than the ESR or CRP levels at inclusion.

2.11. Osteoporosis

Osteoporosis is a disorder that involves a diminution of bone mass without a detec
change in the ratio of mineralized to nonmineralized bone (to exclude osteomalacia)
high accuracy of the techniques used to measure bone mineral density (BMD) m
them appropriate for use as a diagnostic test of osteoporosis. The most straightfo
way is to define a fracture threshold, namely the cut-off point for BMD which captu
most patients with osteoporotic fractures. For adults, the cut-off value of 2.5 stan
deviations (SD) below the average range of healthy young adults of equivalent se
appropriate to satisfy the criteria particularly for hip fracture. The World Health Orga
zation has accepted the following criteria for different BMD thresholds. A value for BM
not more than 1 SD below the average value of young adults is considered normal, w
a low bone mass or osteopenia is considered to be indicated by BMD more than 1 SD
not more than 2.5 SD below that usually seen in young adults. Osteoporosis is defin
a BMD value more than 2.5 SD below the young adult average value, and if there
additionally one or more fragility fractures present, the term “severe“ or “establish
osteoporosis can be used (Kanis 1994). These SDs from a reference population of e
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lent sex can also be expressed as Z scores if the reference population is of approxim
the same age. The T score (to which some manufacturers refer as the young-adult Z
re) represents the abovementioned numbers of SD above or below the mean peak
mass of a young normal population of equivalent sex (Levis & Altman 1998).

2.11.1. Bone mineral density and its measurement

Conventional radiography is relatively insensitive in the assessment of osteoporosis,
bone loss is only apparent when bone mass has decreased by about 30-50%. The
however, several distinctive radiographic features and morphometric techniques w
may aid in the assessment of patients (Kanis 1994). With the exception of ultrasoun
bone densitometry procedures consist of a radiation source, either x-rays or radionu
sources. These methods are based on the principle that the attenuation suffered by
or gamma-ray photons is related to the thickness and composition of the tissues o
attenuation path. At most skeletal sites, the thickness of bone mineral is the dom
cause of attenuation. Using a calibration procedure, attenuation values are converte
equivalent mineral thicknesses and compared with population-based normative c
(Levis & Altman 1998).

Photon or x-ray absorptiometry uses a beam that scans the area of interest in
chrony with a detector or array of detectors. Earlier instruments utilized a single ph
beam (single photon absorptiometry, SPA) or a single x-ray beam (single x-ray absorptio
metry) and could only be used to evaluate peripheral sites, such as the forearm, with
variation in soft tissue thickness (Mazesset al.1989).Dual photon absorptiometry(DPA)
and dual x-ray absorptiometry(DXA) utilize two beams of distinct energies, thus allo
wing for the correction of soft tissue attenuation, which enables the scanning of
peripheral (forearm) and axial (spine and hip) sites. DPA scanners, which utilize a
oisotope source, are now outdated (Levis & Altman 1998).

DXA is widely used because of its good reproducibility and accuracy, its low rad
tion dose, and its capability of measuring bone density at both axial and appendicular
letal sites (Jergas & Genant 1991). The technology involves x-rays of two discrete e
gies generated by an x-ray tube. Low-energy beams are attenuated to a greater exte
high-energy beams, and attenuation is greater in bone than in soft tissues (Mazesset al.
1989). After measuring the absorption of each of the two x-rays, two simultane
absorption curves are generated, which are then used to calculate the attenuation c
by bone and to cancel out the effect of soft tissue. DXA scanners sample the tissue
cent to bone and calculate its fat content. It is then assumed that the fatty compositi
the soft tissue overlying the bone is the same as that of the adjacent area (Levis &
man 1998).

The BMD measurements called SPA, DPA and anteroposterior DXA are two-dim
sional and express BMD as g/cm2. These measurements therefore tend to underestim
BMD in small individuals. Since osteoporotic fractures typically occur in bones com
sed of a high proportion of trabecular bone, such as the vertebral body, the prox
femur and the distal radius, these sites are commonly chosen for the measurem
BMD. In spite of the good precision, osteophytes, aortic calcifications, degenerative f
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hypertrophy and intervertabral space narrowing in degenerative disc disease may so
mes lead to overestimates of lumbar BMD in anterioposterior scans, especially in eld
patients. The lateral projection overcomes some of these problems and allows estim
of the volumetric density (g/cm3) which does not seem to be influenced by skeletal si
(Duboeufet al. 1994). The formerly poor precision of lateral projection seems to be im
roving along with the new DXA devices (Duboeufet al. 1994). DXA has become one of
the most widely used techniques of bone densitometry today (Hagiwaraet al. 1994).
DXA has a precision error of ~1.2-3.0%. Radiation exposure with DXA is lower than
daily natural background level (Johnstonet al. 1991). DXA does not selectively measure
cortical or trabecular bone, although the trabecular bone component can be enhanc
measuring a trabecular-rich site (Levis & Altman 1998).

True volumetric BMD can only be obtained byquantitive computed tomography
(QCT), which is not widely available. Only QCT can selectively measure cortical or
becular bone (Levis & Altman 1998).

Ultrasound provides an alternative means of determining the relative risk of frac
due to osteoporosis. Calcaneus is often chosen for measurement because it is an
accessible site of weight-bearing trabecular bone. Ultrasound has the advantages of
ving no radiation and being portable and relatively inexpensive (Scheiber & Torreg
1998). Ultrasound measures broadband ultrasonic attenuation (BUA) and the veloc
sound (VOS) across bone. The former determines the density and the structure o
bone, while the latter evaluates its density and elasticity. Broadband ultrasonic attenu
is based on the principle that the more complex the structure, the greater the attenu
of ultrasound. When the speed of sound is measured, the greater the connectivity
trabeculae, the faster the sound will go through the bone (Levis & Altman 1998).
hough there are studies showing good correlation between the ultrasound results a
lumbar spine/femoral neck BMD measured by DXA (Cunninghamet al. 1996) and even
in vitro calcaneal ultrasound results, showing high correlations with calcaneal Q
results (R2 = 0.88) (Laugieret al. 1997), the poor reproducibility (coefficient of variation
varies from 0.4% to 4.0%) precludes the use of ultrasound in the assessment of res
to treatment (Levis & Altman 1998). Currently, ultrasound can be used to discrimin
between normal and osteoporotic women, and could be considered an alternative to
in the baseline screening and evaluation of fracture risk.

2.11.2. Osteoporosis in rheumatoid arthritis

Accelerated bone loss leading to osteoporosis is regarded as a common clinical pro
in RA. It may be periarticular and occur early during the course of the disease or gene
zed and occur more gradually (Star & Hochberg 1994). The former alternative is on
the classification criteria for RA (Arnettet al. 1988). The latter was first recognized as
complication of RA by Barwell as early as 1865 (Barwell 1865). Bone mass in an ind
dual is the outcome of the genetic background and the effect of internal (e.g. horm
status, presence of RA) and external (e.g. diet, exercise) environmental factors (
brooket al.1985b).
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Most studies on bone mass changes in RA have been cross-sectional. Only a few
gitudinal investigations have been performed. The rate of lumbar spine (LS) bone los
been shown to correlate with disease activity (Sambrooket al.1985b), the majority of the
effect of RA on bone occurring during the early years of the disease (Goughet al. 1994,
Shenstoneet al. 1994). Goughet al. (1994) studied 148 patients with early RA over a 3
year period and found that the annual loss of bone mass density in the lumbar spine
0.2% in males and 1.3% in females. The mean percentage change in BMD over the
year was -1.0 for LS and -2.0 for the femoral neck (FN) in all the patients, and e
higher in those with active disease (CRP > 20 mg/L), being -2.1 and -3.6, respective
patients with active disease for over 2 years, the mean BMD loss at each site was be
5.5 and 10% (p < 0.01 compared to patients with inactive disease). At presentation
BMDs of patients did not differ from those of controls, but during the next 12 mont
BMD loss was greater in RA patients than in controls, significantly so for early dise
(e.g. -2.4 vs -0.6 g/cm2, p < 0.05 in LS and -4.3 vs -0.4 g/cm2, p < 0.001 in the trochan-
ter). Furthermore, Shenstoneet al. (1994) found that 16 patients with disease duration <
months lost 3.9% of the femoral neck BMD in a year compared with a 0.2% loss in
patients with longer disease duration.



3. Purpose of the present study

The purpose of the present study was to investigate the value of different biochemical
tests, particularly that of the markers of type I and III collagen metabolism, used to assess
disease process and the development of progressive joint disease or osteoporosis in chro-
nic inflammatory arthritis.

The detailed aims of the study were:
1. to examine the relationship of the markers measured in serum and synovial fluid to

the patients’ clinical state (I).
2. to find out if there is a connection between the SF analysis of a particular joint at the

baseline and its radiological status after a three-year follow-up in patients with chro-
nic arthritis (IV).

3. to examine the relationship between important morbidity events, such as destruction
of large joints (hip and knee), and a marker for type I collagen degradation (ICTP) in
patients with advanced RA (II).

4. to find out how often patients with early RA develop osteoporosis during a two-year
follow-up, and whether changes in serum markers for type I collagen synthesis and
degradation correlate with the loss of BMD (III).

5. to compare the predictive value of RF, CRP and ICTP in the baseline serum of patie-
nts with early RA for radiologic joint damage and to find out the extent to which pre-
diction could be improved if these measures were used in combination (V).
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4. Subjects and methods

4.1. Patients

Altogether 275 patients with inflammatory arthritis, mostly RA, were included in fo
different study protocols. All the RA patients fulfilled the 1987 ARA criteria for RA
(Arnett et al. 1988). Table 1 shows the baseline demographic findings of the patie
covered in the five different studies.

Table 1: Basic demographic findings in the five studies at baseline. Study IV is a follow
of study I with 44 of the RA patients from study I and 11 patients with other arthritides

Study I included 59 unselected patients undergoing treatment for RA and having
joint effusion. At baseline, they were all outpatients or inpatients in three rheumatism
pitals in Finland. Forty-four of these RA patients together with seven chronic seron
tive spondylarthropathy and four juvenile RA patients made up the cohort of study
Forty-six (78%) of the patients were being treated with slow-acting anti-rheumatic dr
(SAARDs) and 28 (47%) with peroral corticosteroids at the time of the study. Forty-n
patients (83%) had previously received one or more intra-articular injections of corti
teroids into the knee joint under study: in 23 cases the time between the last intra-arti
injection of corticosteroids and the sampling of synovial fluid was≤ 6 months, and in 12
cases it was≤ 3 months. Ninety subjects without any signs of joint or metabolic bo

Study I Study II Study III Study IV Study V
Number of patients 59 90 52 55 63

Female/male 39/20 59/31 36/16 36/19 52/11

RA patients 100% 100% 100% 80% 100%

Mean age (yr)
(range)

58.1
(19-82)

58.7
(29-84)

49.5
(29-73)

51.8
(19-82)

43.5
(18-64)

Mean disease duration (mo)
(range)

162
(6-696)

184
(18-180)

9
(1-60)

131
(6-444)

7.6
(2-12)

Follow-up study
(follow-up time, yr)

no yes
3

yes
2

yes
3

yes
3
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disease recruited from the area around Oulu, Northern Finland, served as a control
in Study I. The patients with a baseline Larsen’s grade of 5 (Larsenet al. 1977) for the
knee joint were excluded from Study IV.

Study II was conducted on 90 patients who had been included in a population-b
study on the medico-social aspects of rheumatic diseases carried out in 1989-91
Kuusamo area, Northern Finland, with 18,000 inhabitants (Hakalaet al. 1993a). The
patient population included approximately 85% of all subjects with RA in the area, t
representing the whole spectrum of the disease from mild to severe. Five of the 90 p
nts did not use any medication for RA, 16 had non-steroidal anti-inflammatory dr
(NSAIDs) as the only treatment, 64 used SAARDs and 5 took peroral corticosteroid
addition, 23 of the 64 patients with SAARDs were also on peroral corticosteroids.
corticosteroid dose was in all cases≤ 10 mg prednisolone.

In study III, the study group consisted of 52 consecutive unselected patients
recent onset RA visiting the outpatient or inpatient department of Päivärinne Hos
near the City of Oulu. This hospital was a district rheumatism hospital with close co-o
ration with primary care. Thus, most of the patients were early referrals from primary
physicians. In the three patients who had had symptoms for over two years, the diag
of RA was made at the baseline of the study. Twelve patients (23%) had erosions in
radiographs. Seventeen of the 36 women were either postmenopausal (n = 15) o
undergone ovariectomy before menopause (n = 2). Eleven (21%) patients had not
ved any medication before entry into the study. Forty-one (79%) patients used NSA
Three patients had previously received SAARD therapy, one of them also oral cortico
roid therapy. The disease duration of these three patients was 1-10 months. At the s
the study, SAARD monotherapy was started in 43 cases: intramuscular gold in 27 (5
oral gold in 3 (6%), sulphasalazine in 8 (15%), chloroquine in 2 (4%), methotrexate
(4%) and azathioprine in one (2%) of the 52 patients. A combination of two drugs
instituted in 7 (13%) patients, methotrexate + oral gold in 6 (11%) and methotrexa
chloroquine in one (2%) patient. The mean number of SAARDs used per patient du
the follow-up was 1.9 (SD 0.8, range 1 - 4). A prescription of oral corticosteroid (me
and median starting dose 13.6 and 7.5 of prednisolone, respectively) was given
(21%) of the 52 patients at the baseline of the study. Seven of them continued to ta
throughout the study. Altogether 25 patients used oral corticosteroids for some
during the study. The mean cumulative corticosteroid dose administered orally, intr
nously and intra-articularly was 1374 mg of prednisolone (SD 2224, range 0-9367 mg

Study V included sixty-three consecutive patients with newly diagnosed RA. At
time of diagnosis, 57% (36/63) had joint erosions either in their hand or feet radiogra
or both. None of the patients had previously received any SAARDs. Intramuscular
was instituted in 83% (52/63), sulphasalazine in 12% (8/63) and hydroxychloroquin
5% (3/63) of the patients. The mean number of SAARDs used per patient during th
year follow-up was 2.3 (range 1-6). Only three of the patients used peroral cortico
roids continuously (5-7.5 mg of prednisolone daily).

All the patients were actively treated with SAARDs. If one SAARD regimen had to
withdrawn during the follow-up because of side-effects or lack of effect, another ind
dually tailored SAARD regimen was instituted (including D-penicillamine).
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4.2. Clinical examinations

In studies I, IV and V, the clinical variables of disease activity were assessed at bas
and at the 3-year follow-up visit. In study III, the clinical variables of disease activ
were assessed at every 3 months during the first year and at every 6 months durin
second year.

The physical examination in studies I and III-V included disease activity evaluat
using the Ritchie articular index (Ritchieet al. 1968) and a joint swelling score in studies
I, III and IV (none = 0, mild = 1, moderate = 2, severe = 3). For the joint swelling sco
the same joint areas as in the Ritchie index (hip joint and cervical spine excluded)
assessed. Swelling in individual joints/joint groups was graded into three classes (
and the total score was formed as a sum of the individual scores (Luukkainenet al.1992).
A general activity index was formed as a sum of the Ritchie index and joint swelling s
res.

To assess disability due to RA in study III, we used the Health Assessment Ques
naire (HAQ) as a 0-3 functional disability index (Frieset al. 1980, Wolfeet al. 1988).
Physical function was assessed on a five-point scale of 1 to 5 (Table 2).

Table 2: Physical function.

4.3. Laboratory examinations

Routine laboratory tests for the assessment of disease activity were performed in a
dies. CRP was quantitatively measured with an immunoturbidimetric method (O
Diagnostica, FIN-02200 Espoo, Finland), with values < 10 mg/l considered as nor
All joint aspirations in studies I and IV were made for therapeutic reasons. The syno
fluids were collected into sterile tubes and stored at -20°C together with the serum samp-
les obtained at the same time. The leukocyte counts of the synovial fluids were d
before freezing.

Grade Physical function

1 Normal physical function, capable of running, crouching, walking on toes and heels

2
Slightly deteriorated physical function, no essential inconvenience in everyday life, some limpin
difficulty in running or crouching, no need for pain medication or supporting device

3
Considerable difficulties in moving in everyday life and at work, need for supporting device, pain
medication occasionally, need for a rest during moving

4
Marked difficulties in moving, need to lean against something nearly all the time, difficulties in
moving outdoors or using public transportation, nearly constant need for pain medication

5 Unable to move without a wheelchair, bedridden
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4.4. Measurement of RF

In study III, rheumatoid factor was quantitatively measured with an immunoturbidim
ric method (Orion Diagnostica, FIN-02200 Espoo, Finland) at entry and annually ther
ter, with values≥ 25 IU/ml considered as seropositive.

In study V, RF was assayed at entry with a Kone specific automated clinical chem
analyser (Kone Instruments, Espoo, Finland) for immunoturbidimetric measuremen
RF. An assay modification using chemical inactivation of C1q with polyvinyl sulphon
was used as previously described (Nykänenet al. 1993). This method showed 95% o
healthy subjects to have an RF level < 20 IU/ml, which was used as the cut-off poin
seropositivity.

4.5. Radiographic examinations

In studies I and IV, the erosive state of the knee joints was assessed by the same
(R.L.) using Larsen’s method (Larsenet al. 1977) and comparing the posteroanterio
radiographs of the knees with a standard series. Larsen’s grades for the knee are: 0
mal; 1 = slight abnormality with one or more minor lesions (periarticular soft tissue sw
ling, periarticular osteoporosis, and slight joint space narrowing); 2 = definite ea
abnormality with erosion (not obligatory) and joint space narrowing; 3 = mediu
destructive abnormality (erosion obligatory); 4 = severe destructive abnormality (b
deformation present); 5 = mutilating abnormality (gross bone deformation).

Radiographs of the hands were taken at entry and annually thereafter in study III.
erosive state of joint disease was assessed by one of the authors (J.M.) from poster
rior radiographs of hands using Larsen’s method and comparison with a standard s
(Larsenet al. 1977). The Larsen indices of wrist joints were multiplied by 5. The max
mum score for the method was 150.

In study V, radiographs of the hands and feet taken at entry and after 3 years were
luated with the method of Larsen et al. (Larsenet al. 1977) by the same observer (T.H.
consecutively. The joints assessed included eight proximal interphalangeal joints,
interphalangeal (IP) joints of the thumbs, 10 metacarpophalangeal joints, the left and
wrists, 10 metatarsophalangeal joints and two hallux IP joints. The scores for wrists
multiplied by five. The maximum possible total score was 210.

The radiographic evaluations in every study were done without knowledge of the c
cal data.

4.6. Markers of collagen metabolism

ICTP, PINP, and PIIINP were measured, respectively, in duplicate 50, 100, and 200µl ali-
quots of serum, of undiluted SF in the case of ICTP, and of appropriately diluted (u
assay buffer) SF in the case of the procollagen propeptides. Equilibrium radioimmun
says for human antigens were used (Risteliet el.1993, Melkkoet al. 1996, Risteliet al.
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1988) with reagents supplied by Orion Diagnostica (FIN-90460 Oulunsalo, Finland).
intra-assay and inter-assay coefficients of variation of the three markers tested
human serum samples were less than 10%. The intra-assay variation for SF sample
4.4% for PINP and 5.7% for PIIINP. The SF samples of the series were not centrifu
We later tested the effect of centrifugation on the results in five additional patients. C
rifugation was found to decrease the levels of the markers of collagen metabolism i
to the same extent as does centrifugation of plasma into serum. With the exception o
sample each, the level of the markers after centrifugation was lower compared to the
ve samples by 6.3 to 11.7% for SF-ICTP and by 0.2 to 1.4% for SF-PIIINP.

4.7. Measurement of bone mineral density

The BMD measurements were made by dual energy X-ray absorptiometry (Lunar D
Lunar Radiation Corporation, Madison, WI, USA) at 0, 6, 12, 18 and 24 months. T
measurement sites were the lumbar vertebrae L2-L4 in the LS and the left femoral
(FN). Plain radiographs of the lumbar spine were routinely taken at the beginnin
detect any possible abnormalities known to falsely elevate BMD values (marked sc
sis and osteophyte formation, and vertebral crush fractures or dense calcification o
abdominal aorta). The measurement site was varied in order to avoid remark
osteophytes. If possible, the same was done in view of severe aortic calcification.
precision of the method (coefficient of variation) was determined by examining 19 p
sons twice with an interval of a couple of minutes between the measurements. For B
in the LS and the FN, the coefficients of variation were 1.38% and 1.61%, respectiv
The BMD values of the patients were compared with the previously published Fin
reference values (Kröger & Laitinen 1992a, Krögeret al. 1992b). The individual values
of BMD were also expressed as fractions of the SD of the mean of the previously pu
hed normal value for the patient’s sex and decade of age (Z score) and for the y
adults (20-40 yr) of the same sex (T score).

4.8. Statistical analysis

In studies I, II and IV, the data were recorded and calculated using the SOLO statis
software. In study I, the distributions of SF-ICTP and SF-PIIINP by Larsen’s grade w
visualized with box plots. In the comparison of means, statistical significance was eva
ted by analysis of variance. Statistical significance was evaluated by the Mann-Whi
test when comparing medians. The SF:S ratios were calculated for each patient, an
mean values with confidence intervals were reported as Larsen’s grade values. The
lations between the levels of the different markers of collagen metabolism and dis
activity were calculated using Spearman’s rank correlation coefficient. When the sig
cance of the differences between two parameters was assessed by dividing them in
groups, Pearson’sχ2-test or Fisher’s exact test were used as appropriate. In study II,
her’s exact probability test was used to evaluate statistical significance when comp
the proportions of patients with or without a need for total joint replacement surgery
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study IV, medians were used to describe the average value of markers of collagen
bolism. Statistical significance was evaluated by the Kruskal-Wallis or Mann-Whitn
test when comparing medians. Theχ2-test was used when comparing the proportions
patients who needed one or more corticosteroid injections by stable or deteriorated
sen’s grade.

In study III, the data were recorded and analyzed on a microcomputer using the S
statistical software. The significances of the differences between the measurements
determined by Wilcoxon’s test for paired data. When the significance of the differen
between two parameters was assessed by dividing them into two groups, crosstab
Pearson’sχ2-test or Fisher’s exact test were used as appropriate. The correlations
calculated using Spearman’s rank correlation coefficient. The confidence interval
Spearman’s rank correlation coefficients were calculated with the Confidence Inte
Analysis version 1.0 (CIA) in study III.

In study V, the BMDP statistical software was used for statistical analysis. The sign
cance of the differences in Larsen’s score values between the groups formed accord
the baseline laboratory values was determined by the Mann-Whitney rank-sum test
Bonferroni correction. Score 20 was used as the cut-off point for the change in Lars
score from baseline to 36 months. The age- and sex-adjusted associations of dif
abnormal laboratory tests or their combinations with radiologic progression were
expressed as odds ratios (OR) with 95% confidence intervals (CI) calculated by log
regression analysis.

For all the tests in all the studies, p-values < 0.05 were considered significant.
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5. Results

5.1. Assessment of the disease process in inflammatory arthritis by
serum and synovial fluid analysis (Studies I and IV)

5.1.1. Study I

Table 3 shows that the mean concentrations of the three markers of collagen metab
were higher in the sera of the patients with RA than in the controls.

Table 3: Median concentrations of three markers of collagen metabolism in the seru
59 patients with rheumatoid arthritis (RA) and 90 healthy age- and sex-matched cont
ƒ = tested in 57 patients, S-ICTP = serum cross-linked carboxyterminal telopeptide
type I collagen, S PINP and S-PIIINP = serum aminoterminal propeptides of type I
type III procollagens, respectively. ** = p < 0.01, *** = p < 0.001, between groups.

The median (SD, range) SF concentrations were 16.7 (18.1, 2.8-96.9)µg/l for ICTP,
782 (903, 118-5017)µg/l for PINP, and 1478 (857, 278-4781)µg/l for PIIINP. The SF:S
ratios for the individual markers of collagen metabolism were 4.0 (95% CI 3.3-4.8)
ICTP, 25.2 (95% CI 19.7-30.8) for PINP, and 340 (95% CI 295-385) for PIIINP.

Because the volume of joint effusion may change rapidly, making the assessme
concentrations inappropriate, we also calculated the values as ratios of one compou
another, which are shown in relation to the radiographic state (Larsen’s grade) of the
responding joint in Table 4.

Concentration (µg/l) RA patients Controls

S-ICTP
Value > (mean + 2SD) (% of patients)

5.3
58

*** 3.0

S-PINPƒ
Value > (mean + 2SD) (% of patients)

42.7
19

** 33.0

S-PIIINPƒ
Value > (mean + 2SD) (% of patients)

4.6
42

*** 3.1
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Table 4: Mean (SE) ratios of the three markers of collagen metabolism in synovial flui
relation to radiographic findings in the joint (Larsen’s grade).

Table 5 gives the correlations observed between the levels of the different marke
collagen metabolism in the serum and synovial fluid of patients.The strongest cor
tions emerged between PIIINP and ICTP in serum and between PINP and PIIINP in
In addition, the two markers of synthesis in SF had distinct correlations with SF-ICTP
significant correlation was also found between the synovial fluid and serum conce
tions of each individual marker.

Table 5: Correlations between the concentrations of the three markers of colla
metabolism in the synovial fluid (SF) and serum (S) of patients with rheumatoid arthri

In the controls, the following correlations were found between the serum concen
tions of the markers of collagen metabolism: rs = 0.48, p < 0.001 for PINPvs ICTP; rs =
0.51, p < 0.001 for PIIINPvs ICTP; rs = 0.34, p = 0.001 for PINPvsPIIINP. The balance
of type I collagen metabolism, as assessed by the ratio (mean(SD)) of S-PINP:S-I
was in favour of degradation in the patients compared with the controls: 9.4 (5.4)
12.1 (4.9), respectively (p < 0.001).

Table 6 shows the correlations between the indicators of disease activity and tho
collagen metabolism. Both S-ICTP and S-PIIINP showed positive correlations with
disease activity markers. None of the markers in SF correlated with the number of le
cytes or the number of polymorphonuclear leukocytes in SF.

The S-PINP values did not differ relative to menopausal state, but increased S-I
and S-PIIINP concentrations were more common among the postmenopausal wo
who also more often had signs of active disease (increased CRP values and high
swelling scores), which are known to be associated with both increased S-ICTP an
PIIINP.

Larsen’s grade Marker ratio

PINP:ICTP PIIINP:ICTP PIIINP:PINP

0-1 71.3 (14.9) 120.4 (21.0) 1.7 (0.4)

2 61.1 (12.4) 95.2 (17.6) 2.1 (0.3)

3 61.8 (15.4) 92.9 (21.8) 2.1 (0.4)

4-5 36.2 (17.6) 62.2 (24.9) 1.7 (0.4)

SF (p) S (p)

ICTP PINP PIIINP ICTP PINP

SF-PINP rs 0.69 (<0.001)

SF-PIIINP rs 0.65 (<0.001) 0.86 (< 0.001)

S-ICTP rs 0.55 (<0.001) 0.32 (0.016) 0.34 (0.010)

S-PINP rs 0.42 (0.001) 0.29 (0.027) 0.33 (0.013) 0.50 (<0.001)

S-PIIINP rs 0.54 (<0.001) 0.39 (0.003) 0.39 (0.003) 0.81 (<0.001) 0.53 (<0.001)
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Table 6: Correlations between the markers of disease activity and collagen metabolis
patients with rheumatoid arthritis. ESR = erythrocyte sedimentation rate, CRP =
reactive protein.

Of the markers of collagen metabolism, SF-ICTP was most closely related to the
sive state of the knee joint (Larsen’s grade). The mean SF-ICTP concentrations in
sen’s grades 0-1, 2, 3, and 4-5 were 14.7, 17.5, 22.7, and 43.6µg/l, respectively; that in
the combination of Larsen’s grades 4-5 differed significantly from that in the other gro
(p < 0.05 in multiple comparisons). The corresponding values for SF-PIIINP were 13
1314, 2058 and 2023µg/l (p = 0.014), and the SF-PIIINP values in Larsen’s grades 3 a
4-5 differed significantly from those in the grades 0-1 and 2 (p < 0.05 in multiple com
risons). The mean SF-PINP concentrations were 821µg/l in Larsen’s grades 0-1, 855µg/l
in group 2, 1531µg/l in grade 3 and 1353µg/l in grades 4-5 (NS).

The S-ICTP and S-PIIINP values were significantly lower in the patients curren
receiving a SAARD compared with those not taking these drugs: the median values
4.9 µg/l vs 8.7 µg/l for S-ICTP (p = 0.010), and 4.5µg/l vs 5.5 mg/l for S-PIIINP (p =
0.021). The corresponding values for S-PINP were 40.6µg/l vs68.4µg/l (p = 0.055). No
significant differences in the mean serum levels of the markers were found betwee
patients taking or not taking peroral corticosteroids, but the SF levels of all the mar
were significantly higher in the patients taking peroral corticosteroids than in those
receiving this treatment. The explanation for this difference may be multifactorial, but
patients on oral corticosteroids had significantly more often higher Larsen’s grades in
knee under study than did those not taking these drugs. There was an association be
the time elapsed since the last intra-articular injection of corticosteroids and the SF-I
levels (p = 0.007); the patients who had recently received an intra-articular injection m
often had lower levels of the marker.

5.1.2. Study IV

At entry, SF ICTP correlated positively with Larsen’s grade. Table 7 shows the distrib
on of Larsen’s grades at entry and at the three-year visit. The median SF-ICTP conce
tions in the baseline Larsen’s grade groups 0-4 were 10.8, 15.5, 12.5, 18.3 and 33.8µg/l,
respectively (p = 0.009). The radiological grade deteriorated in 22 (40%) patients,
remained stable in 33 patients (60%).

Marker of disease activity
Marker of collagen metabolism (rs(p))

S-ICTP S-PINP S-PIIINP

ESR 0.43 (< 0.001) -0.07 (NS) 0.23 (NS)

CRP 0.59 (< 0.001) 0.09 (NS) 0.48 (< 0.001)

Ritchie index 0.46 (< 0.001) 0.06 (NS) 0.37 (0.005)

Joint swelling score 0.65 (< 0.001) 0.21 (NS) 0.60 (< 0.001)
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Table 7: Distribution of Larsen’s grades of knee joints at entry and at the three-year vi

Table 8: Serum and synovial fluid markers of collagen metabolism and synovial fluid
kocytes in patients (44 RA, 7 chronic seronegative spondylarthropathy and 4 juvenile
with stable and deteriorating Larsen’s grade of knee joint at 0 and 3 years’ visit. S
serum, SF = synovial fluid, ICTP = cross-linked carboxyterminal telopeptide of type I c
lagen, PINP = aminoterminal propeptide of type I procollagen, PIIINP = aminotermin
propeptide of type III procollagen. * = p < 0.05.

Table 8 shows the median baseline values of the different markers in both groups
median SF-ICTP concentration was significantly higher in the patients with a deteri
ting Larsen’s grade than in those with a stable value (p = 0.035). When tested only in
patients with RA (n = 44), an equal difference in SF-ICTP was found between the ab
groups; i.e. the median level of ICTP was 14.0µg/l (range 2.8-42.3µg/l) for the 25 RA
patients with stable disease and 18.3µg/l (range 7.1-64.6µg/l) for the 19 subjects whose
disease was deteriorating, though the difference did not reach statistical significance
0.063). Instead, the median levels of both SF total leukocytes (p = 0.012) and poly
phonuclear leukocytes (p = 0.018) were statistically higher in the patients with a st
grade. A comparison of the diagnostic subgroups showed that the association did no
in the RA group, but was more pronounced in the other inflammatory arthropathies,
the median was 9.8 x 109/l for stable disease and 11.0 x 109/l for progressive disease in

Larsen’s grade
Baseline

n (%)
3 years
n (%)

0 12 (21.8) 7 (12.7)
1 15 (27.3) 16 (29.1)
2 14 (25.5) 11 (20.0)
3 11 (20.0) 13 (23.6)
4 3 (5.5) 7 (12.7)
5 0 (0) 1 (1.8)

Total 55 (100) 55 (100)

Variable
Patients with stable

Larsen’s grade
median (range)

Patients with deteriorating
Larsen’s grade
median (range)

p value of
Mann-Whitney test

S-ICTP (µg/l)
4.1 (1.7-14.8)

(n = 33)
5.2 (1.1-24.2)

(n = 21)
0.456

SF-ICTP (µg/l)
14.0 (2.8-42.3)

(n = 33)
17.6 (7.1-64.6)

(n = 22)
0.035*

S-PINP (µg/l)
41.3 (15.0-111.3)

(n = 32)
44.2 (23.8-90.70)

(n =20)
0.458

SF-PINP (µg/l)
731.0 (118.0-5017.0)

(n = 31)
869.5 (147.0-2462.0)

(n = 20)
0.345

S-PIIINP (µg/l)
3.9 (1.8-7.4)

(n = 30)
4.4 (2.1-11.7)

(n = 20)
0.209

SF-PIIINP (µg/l)
1099.0 (438.0-4781.0)

(n = 31)
1378.0 (278.0-3905.0)

(n = 21)
0.412

SF leukocytes (109/l)
11.2 (3.6-54.8)

(n = 32)
5.2 (0.1-18.7)

(n = 21)
0.012*

SF polymorphonuclear

leukocytes (109/l)
7.1 (1.0-45.5)

(n = 32)
2.7 (0-14.1)

(n = 21)
0.018*
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the RA group, while the corresponding values in the other diagnostic groups were 12
109/l and 2.2 x 109/l. There was no statistically significant difference for S-ICTP, S-PI
INP, SF-PINP or SF-PIIINP between the above groups either in the whole series or in
diagnostic subgroups. The mean SF:S ratio of ICTP was 3.1 (SD 1.8) for the patients
a stable Larsen’s grade, and 4.5 (3.3) for those with a deteriorating Larsen’s grade (N

There was no statistical difference between the patients with a stable or deterior
Larsen’s grade with regard to treatment with DMARDs or peroral corticosteroid ther
during the follow-up.

5.2. Relation of serum ICTP to the need for total joint replacement
surgery (Study II)

The original study group comprised 90 patients with advanced RA, of whom 88 were
lowed up for two years and 85 for three years. During the three-year follow-up, n
(26%) of the 35 patients with initial serum ICTP values above the upper limit of the re
rence range (4.6µg/l) required TJRS of at least one joint (six of them underwent two op
rations and one underwent three) compared with one (2%) of the 50 patients with no
serum concentrations of ICTP (p = 0.001) (table 9). This was already apparent afte
low-up for two years after the ICTP test. During that period, seven patients underw
TJRS of large joints. All these patients were included in the group of 38 patients w
baseline ICTP values above the upper limit of the reference interval, while none of th
patients with normal ICTP needed this operation (p = 0.002).

Table 9: Relation between the serum concentrations of ICTP at the baseline of a th
year follow-up and the number of total joint replacement operations. Altogether 18 t
joint replacement were made on 10 patients. ICTP = cross-linked carboxyterm
telopeptide of type I collagen.

5.3. Incidence of osteoporosis in a two-year follow-up of early RA
(Study III)

5.3.1. Bone mineral density values

Table 10 shows the BMD values and T and Z scores at 0 and 24 months in LS and
Neither the mean T scores nor the mean Z scores for LS and FN differed significa
between the two measurements (0 and 24 months). Osteoporosis was determined b
a Z score value of -1.0 or less and a T score value of -2.5 or less. By the Z score def

Serum ICTP concentration
Number of operations

0-12 months 13-24 months 25-36 months

Increased 4 8 5

Normal 0 0 1
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on, eight patients had osteoporotic BMD values at baseline in LS and nine in FN. Du
the follow-up, their Z scores did not deteriorate significantly. Two additional patie
developed osteoporotic BMD values in LS and three other in FN. As defined by th
score, three patients had osteoporosis at baseline, one in LS, one in FN and one a
sites; and none developed osteoporosis during the two-year follow-up.

Table 10: BMD values (g/cm2) with Z and T scores in 52 patients with early rheumatoi
arthritis (RA) at 0 and 24 months.a = based on the Finnish normal data by Kröger et a
(1992a, 1992b), BMD = bone mineral density, Z score = value of BMD as a fraction of
SD of the previously published normal value for patient’s sex and decade of age, T sco
value of BMD as a fraction of the SD of the previously published normal value for
young adults (20-40 y) of the same sex.

The mean percentages (SD; range) for the alteration of BMD values from 0 to
months in LS and FN were -0.91 (2.9; -7.4 to 6.1) and -0.76 (3.7; -8.9 to 5.9) and the
responding values from 0 to 24 months were -1.3 (3.7; -10.1 to 7.9) and -0.8 (4.7; -10
10.8), respectively. The changes in BMD did not correlate with the individual clini
parameters of disease activity. The frequency of bone loss > 5% per year did not d
significantly between the patients with elevated (≥ 10 mg/L) and normal CRP. The per-
centage change in BMD of FN, but not in that of LS, between 0 and 24 months correl
with the cumulative corticosteroid dose (sum of p.o, i.v. and i.a. use) (r = -0.31, 95%
0.54 to -0.04, p < 0.05, and r = 0.01, respectively). The patient with a 60 mg starting d
of prednisolone for thrombocytopenia did not develop osteoporosis as defined by e
the Z or the T score. BMD loss (>5% per two years in FN or LS) was not found sign
cantly more often in postmenopausal women compared with the other female subject

Generally, the changes in the markers of collagen metabolism did not correlate
the changes in BMD during the two-year period, but there was a correlation betwee
ICTP and lumbar spine BMD changes ( r = -0.40, 95% CI -0.62 to -0.12, p < 0.01,)
baseline, the BMD values of FN, but not those of LS, correlated with the body mass in
(BMI) (r = 0.40, 95% CI 0.14 to 0.61, p < 0.01, and r = 0.15, respectively).

0 months 24 months

means, (SD) range means, (SD) range

BMD lumbar spine 1.14 (0.14) 0.88-1.54 1.12 (0.14) 0.83-1.54

BMD femoral neck 0.92 (0.13) 0.61-1.22 0.91 (0.13) 0.66-1.15

Z scorea, lumbar spine 0.12 (1.04) -2.26-3.09 0.07 (1.20) -2.79-3.94

Z scorea, femoral neck -0.16 (1.05) -2.38-2.15 -0.18 (1.11) -2.57-2.56

T scorea, lumbar spine -0.55 (1.09) -2.63-2.80 -0.69 (1.10) -3.05-2.79

T scorea, femoral neck -0.67 (1.07) -3.21-2.13 -0.80 (1.02) -2.73-1.55
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5.3.2. Serum PINP and ICTP concentrations

Table 11 shows the mean (SD) concentrations of the two markers of type I collagen m
bolism in the sera. At baseline, 21 (40.4%) of the 52 patients had ICTP concentra
exceeding the upper limit of the reference interval (4.6µg/l; 12). Only five patients
(9.6%) had PINP concentrations exceeding the upper limit of the reference interval (
µg/l; 14). The correlation coefficients between the PINP and ICTP concentrations w
0.31 (p < 0.05, 95% CI 0.03 to 0.54) and 0.29 (p < 0.05, 95% CI 0.02 to 0.52) for
baseline and the mean values, respectively.

Table 11: Laboratory, clinical and radiographic findings of the patients during a 2-ye
follow-up. ICTP = cross-linked carboxyterminal telopeptide of type I collagen in ser
(upper limit of reference interval 4.6µg/l, Hakala et al. 1993), PINP = aminoterminal
propeptide of type I procollagen in serum (upper limit of reference interval 67.9µg/l,
Study I), HAQ = Health Assessment Questionnaire, n.d. = not done.

5.3.3. Laboratory, clinical and radiographic findings

There was a tendency for improvement in most clinical and laboratory variables of d
ase activity during the two-year follow-up (Table 11). As assessed on a five-point sc
physical function did not deteriorate (mean 1.96 and 1.82 at baseline and after two y
respectively).

5.4. Prediction of disease progression by ICTP, RF and CRP (Study V)

In study V, altogether 38% (24/63) of the patients appeared to have had a progressiv
sive disease course during the follow-up (∆ Larsen > 20). Table 12 shows the relation o
the initial CRP, ICTP and RF values and their combinations to Larsen’s score at bas

Index
Mean (SD) of variables

0 month 3 months 1 yr 2yr

ICTP (µg/) 4.6 (2.0) 3.8 (1.7) 4.1 (1.7) 4.0 (1.5)

PINP (µg/) 44.9(25.7) 42.6 (18.6) 45.0 (18.3) 43.6(17.2)

ESR (mm/h) 28.7 (21.8) 20.8 (19.6) 16.3 (16.5) 19.5 (21.2)

CRP (mg/l) 14.9 (17.6) 9.8 (13.0) 8.7 (10.8) 14.2 (28.0)

Joint swelling score 9.4 (5.9) 5.5 (5.1) 4.1 (3.6) 4.7 (4.5)

Ritchie score 10.5 (8.1) 6.7 (5.9) 5.2 (4.8) 5.9 (5.3)

Larsen’s score 15.5 (8.9) n.d. 19.6 (12.3) 19.4 (14.2)

Morning
stiffness (min)

138 (97.6) 87.7 (106.1) 73.3 (90.7) 68.1 (88.2)

HAQ 0.34 (0.37) 0.36 (0.35) 0.29 (0.32) 0.29 (0.39)

Physical function grading 1.96 (0.79) n.d. 1.79 (0.74) 1.82 (0.81)
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and to the change of Larsen’s score from 0 to 3 years. All the single tests (normal/ne
ve vs elevated/positive) categorized patients into two different prognostic groups
regard to the median change of Larsen’s score during the follow-up. This effect was
her enhanced when S-ICTP was used in combination with RF or CRP.

Table 12: Relation of some laboratory tests and their combinations at baseline to Lars
score. RF = Rheumatoid factor, CRP = C-reactive protein, ICTP = cross-link
carboxyterminal telopeptide of type I collagen, IQR = Inter-quartile range, * = Mann
Whitney rank-sum test with Bonferroni correction.

Table 13 shows the age- and sex-adjusted risks (OR) (95% CI) of different abno
laboratory tests and their combinations for progressive joint disease.

Baseline value
Baseline

Larsen’s score
Median (IQR)

Change of Larsen’s score from
baseline to 36 months

Median (IQR)
p-value*

ICTP (µg/l)
≤ 4.6 (n = 28)
>4.6 (n = 35)

2 (0-5)
3 (0-8)

6 (1-18)
21 (7-31)

0.041

RF present
No (n = 17)
Yes ( n =46)

0 (0-4)
2 (1-8)

2 (0-18)
19 (7-32)

0.005

CRP (mg/l)
< 10 (n = 27)
≥ 10 (n = 36)

1 (0-4)
3 (1-10)

4 (0-22)
20 (8-31)

0.056

ICTP > 4.6 and RF present
No (n = 37)
Yes (n = 26)

1 (0-5)
3 (2-10)

6 (0-18)
28 (15-36)

< 0.001

ICTP > 4.6 and CRP≥ 10
No (n = 35)
Yes (n = 28)

2 (0-5)
3 (0-10)

6 (2-19)
23 (14-35)

0.008
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Table 13: Age- and sex-adjusted risk (OR) of different abnormal laboratory tests
progressive joint disease (change in Larsen’s score > 20) calculated by logistic regres
analysis. CI = Confidence interval. For abbreviations, see Table 12.

Baseline value OR (95% CI)

ICTP > 4.6µg/l 3.9 (1.3 to 11.9)

RF present 3.9 (1.0 to 15.5)

CRP≥ 10 mg/l 2.6 (0.9 to 7.5)

ICTP > 4.6µg/l and RF present 9.1 (2.5 to 32.9)

ICTP > 4.6µg/l and CRP≥ 10 mg/l 6.2 (1.8 to 21.3)
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6. Discussion

There are some data to show that the markers of collagen synthesis and degra
measured in serum and synovial fluid reflect the grade of synovitis and tissue breakd
in RA (Greenwald 1996). We used assays for the markers of synthesis and degradat
type I collagen (PINP and ICTP) and for synthesis of type III collagen (PIIINP). Typ
collagen is one of the most abundant protein species in the human body. Most of it is
sent in bones, where it accounts for about 90% of the organic matrix, and it is also
major matrix protein in tendons, ligaments, and soft connective tissues. Type III colla
is the second most abundant collagen type and is found in soft connective tissues.

6.1. Assessment of collagen metabolism in serum and synovial fluid

6.1.1. Study I

In study I, which represented patients with RA and knee joint effusion, high concen
tions of all these collagen-derived substances were found in synovial fluid, and their
centrations correlated with the grade of joint destruction. The high SF:S ratios, partic
ly for PIIINP and PINP, suggest that these antigens are produced locally in the infla
joints and then released into the circulation. Jensenet al. (1993) investigated the tran-
sport of PIIINP from the knee cavity into the circulation in conscious pigs after an
ra-articular injection of radiolabelled PIIINP. Sequential sampling of thoracic duct lym
serum, and urine suggested that PIIINP is most probably transported from joint spac
bulk flow. Degradation in lymphatics cannot be completely excluded, but a major par
PIIINP reaches the thoracic duct, and thereby the circulation, in an intact form.

In study I, the concentrations of S-PIIINP and S-ICTP were increased in about 50%
the patients. These concentrations correlated with each other, and they also corr
with markers of disease activity, such as CRP and the joint swelling score. These re
are in accordance with the earlier findings (Hakalaet al. 1993b, Paimelaet al. 1994,
Hørslev-Petersenet al. 1988, Kotaniemiet al.1994). In contrast, S-PINP was increased i



50

ble
ison

of
ICTP
gen
ger

both
toid
atoid
INP
yno-
bidi-
nt

ious
gen

d that
ctive

owe-
ying
sm,
pro-

ve
ong

had
mar-
ing
plan-
dinal

acute

l of
for an
%)
l

hould
ed to

race
rts

bet-
ogical
only a minority of the patients and did not correlate with disease activity. It is proba
that, though PINP is released freely from the joints, the amount is small in compar
with that released from the other parts of the skeleton.

A shift in the balance of type I collagen metabolism in RA towards the direction
collagen breakdown was demonstrated in study I by the decreased ratio S-PINP:S-
in patients compared with healthy control subjects. Similarly, a low rate of type I colla
synthesis, as assessed by PICP in serum, has been reported previously in RA (Kröet
al. 1993).

The SF-PINP and SF-PIIINP concentrations correlated strongly. The synthesis of
type I and type III collagen is obviously increased in the synovial tissue of a rheuma
joint, from where propeptides are released into SF. High-grade synovitis in a rheum
joint is usually accompanied by a destructive process in the joint. Accordingly, SF-P
and SF-PIIINP showed a distinct correlation with SF-ICTP. The assessment of the s
vial fluid constituents as concentrations is, however, somewhat inaccurate; there is a
rectional fluid flux across the synovial lining (McDonald & Levick 1992), and the amou
of effusion may vary rapidly. This is why we also compared the ratios between var
markers with the radiographic findings in the joint. The ratios suggested more colla
degradation in cases with more severe radiographic damage.

Radiographic images record past destructive changes, while it can be postulate
the markers of collagen metabolism in SF reflect the current balance between destru
and reparatory processes. SF-ICTP correlated most closely with joint destruction. H
ver, SF-ICTP showed notable variation at higher Larsen’s grades, reflecting the var
activity of collagen degradation. It is evident that the markers of collagen metaboli
such as SF-ICTP or the ratio SF-PINP:SF-ICTP, provide information on the disease
cess in the joint additional to that obtained from radiographs alone.

In interpreting the results in study I, certain confounding factors which might ha
influenced the results should be considered. Previous intra-articular injections are am
the most important factors of this kind, and some patients in our study population
recently been treated in this way. In addition, we found that the serum levels of the
kers of collagen metabolism were significantly lower in the patients currently tak
SAARDs than in those not receiving these drugs. Our cross-sectional study was not
ned to investigate the effect of treatments on these markers. However, some longitu
studies have indicated that S-PIIINP and S-ICTP decrease more slowly than the
phase reactants after the commencement of SAARDs (Hørslev-Petersenet al. 1988, Pai-
melaet al. 1994). It should also be noted that the biological variation in the serum leve
these markers of collagen metabolism is about 20-25%, the least significant change
individual being smaller than that of corresponding urinary markers (up to 50
(Blumsohnet al. 1994). To be useful in the follow-up of individual patients in clinica
practice, the change in the concentration of a marker in response to treatment s
exceed the least significant change. Further longitudinal studies are, however, requir
clarify this question.

As the markers of collagen metabolism are not tissue-specific, it is not possible to t
their origin in synovial fluid. However, the results of study I and some earlier repo
(Hørslev-Petersenet al. 1988a, Gressner & Neu 1984, Hørslev-Petersenet al. 1988b) sug-
gest that PIIINP and PINP are synthesized in synovial tissue. The strong correlation
ween these two propeptides and their stable ratio regardless of the degree of radiol
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damage in the knee joint suggests that most of the SF-PINP is derived from synovia
sue, and only a small part from articular bone. SF-ICTP, a breakdown product of ty
collagen, may reflect the degradation of this collagen in synovial tissue. Actually, ne
tic areas may be found in active synovitis, sometimes shown as “rice bodies“ in syno
fluid. However, type I collagen is most abundant in mineralized bone, and in our pati
with the highest Larsen’s grades of the assessed joints associated with high SF-
levels, most of the ICTP was most probably derived from periarticular bone.

6.1.2. Study IV

The markers of collagen synthesis and degradation in serum and SF reflect the gra
synovitis and tissue breakdown in RA (Peelet al. 1992, Poole AR 1994, Wollheim 1994,
Taylor et al. 1994, St. Clairet al. 1998). Earlier measurement of type I collagen degrad
tion was based on the use of urine samples, including assays of imino acid 4-hydrox
line, pyridinoline and deoxypyridinoline cross-links (Robinset al. 1986, Seibelet al.
1989). In study IV, which was a follow-up study of patients with chronic arthritis, w
assayed the relation of the markers of synthesis and degradation of type I collagen (
and ICTP) and the markers of synthesis of type III collagen (PIIINP) measured in b
serum and SF to the progress of radiological knee joint damage in patients with inf
matory arthritis. The diagnosis varied, but no patients with primary osteoarthrosis w
included.

During the 3-year follow-up, Larsen’s grade in the knee joint deteriorated in 22 (40
patients. These patients had a significantly higher SF ICTP level at entry than those
turned out to have stable Larsen’s grade. Serum ICTP did not have the same pred
significance, nor did the serum or SF assays for PINP and PIIINP. Serum ICTP ref
the type I collagen metabolism in the whole body, but in our earlier community-based
series, 26% of the patients with initially elevated serum ICTP values required total j
replacement surgery of at least one joint during a three-year follow-up, compared
2% of the patients with initially normal values (Study II). However, when estimating
outcome of one particular joint, such as a knee in this study, it seems more logic
measure ICTP from SF than from serum.

Interestingly, the total number of synovial fluid leukocytes and the number of po
morphonuclear leukocytes were here higher in the patients with a stable erosive g
than in those with a progressive one. An analysis of the diagnostic subgroups show
the association did not hold in the RA group, but was more pronounced in the o
groups of inflammatory arthropathies. The non-RA group represented different arth
des and included a small number of patients (n = 11), which detracts from the reliab
of the findings. It is to be noted, however, that a previous prospective study by Luuk
nenet al. (1993), where 29 patients with erosive RA and hydropsy in a knee joint w
followed up for 7.5 years, SF leukocytes and SF polymorphonuclear leukocytes did
differ significantly between the patients with and without radiologically detected jo
destruction. In another study by our group, where we tested the value of synovial
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analysis in estimating the efficacy of intra-articular corticosteroid injections in 30 pa
nts with RA, the percentage of SF polymorphonuclear leukocytes correlated with the
rease in knee joint circumference after six months (Luukkainenet al.1992).

At entry in study IV, SF ICTP correlated positively with Larsen’s grade, and those w
the highest SF ICTP levels most often deteriorated during the follow-up. The pati
with a deteriorating Larsen’s grade were more often treated with intra-articular cortico
roids than those with a stable grade. Thus, once the breakdown process has starte
seldom stopped by the treatment alternatives currently available. The role of local c
costeroids in accelerating joint destruction is speculative. Although local corticoster
could be expected to accelerate destruction, it is probably the activity of the inflam
tory joint disease that produces recidivous effusion, which requires repeated cortic
roid injections.

Our preliminary results indicate that a high SF leukocyte level is not necessarily a
ciated with a poor prognosis. Furthermore, a recent study on the relation of syno
biopsy findings to SF analysis in 33 patients with inflammatory arthritis suggested tha
cell counts reflect the activity of acute synovial inflammation but not that of chro
inflammation (Luukkainenet al.1999).

We conclude that synovial fluid analysis may help in assessing the disease proces
particular joint in patients with inflammatory arthritis. A high SF ICTP level seems to r
lect accelerated synovial tissue and bone degradation with further radiologic destruct

6.2. Type I collagen degradation and need for total joint replacement
surgery (Study II)

In the series of advanced RA, we found that a single serum level of ICTP had some p
nostic value as to the subsequent need for total joint replacement surgery. This was s
during a follow-up of three years after the baseline ICTP test in a series of 90 pat
with advanced RA. After three years, nine (26%) of the 35 patients with elevated ICT
the beginningvsone (2%) of the 50 patients with a normal value needed total joint rep
cement surgery.

It can be postulated that in RA patients with central joint affliction, a large periarticu
area is available for accelerated bone resorption and consequent liberation of ICTP
circulation as compared with patients with merely small joint affliction. The finding
Kotaniemiet al. (1994) concerning the association of increased type I collagen degra
tion with widespread joint affliction in RA (measured by the Lansbury index) supports
above theory.

Interestingly, in the present series, increased CRP had an equivalent prognostic p
as to the subsequent need for total joint replacement surgery. We did not make sequ
analyses of the laboratory tests for this study, but it has been shown that even whe
current drug treatment reduces the acute phase response, radiographic progression
nues (Scottet al. 1985). The few findings on increased serum ICTP reported previou
were similar (Paimelaet al.1994), though the decline of ICTP levels was slower and le
remarkable than that of CRP.
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In this series of patients with advanced RA, higher serum levels of ICTP were a
ciated with progressive disease course as judged by the need for total joint replace
surgery. Ideally, the measurement of outcome in RA should estimate the outcome of
ase during the early reversible stages rather than the later stages.

6.3. Incidence of osteoporosis (Study III)

In our series of early RA, only a few patients developed osteoporosis as shown by in
dual LS or FN Z and T scores during the two-year follow-up. Altogether 12 (23%) of
52 patients lost > 5% of their BMD - eight at FN and four additional subjects at LS
during the first year. During the second year, however, bone loss was not progre
among these patients, indicating osteoporosis (defined by Z Score for LS or FN) in
one of them.

As regards the mean percentage BMD change, our patients seemed to have les
loss during the early years of RA than has been earlier reported (Goughet al. 1994,
Shenstoneet al. 1994). The results may diverge for a number of possible reasons. In
cohort, all patients, regardless of disease activity, were early referrals by primary
physicians to the district rheumatism hospital. Hence, this group represents more a
munity-based than a tertiary-based sample of RA patients who met the ACR 1987 cr
(Arnett et al. 1988). Accordingly, half of our patients had mild RA with normal CRP
entry. In addition, our patients were actively treated with SAARDs, and there was a
dency for improvement of the clinical findings during the follow-up period (Table 11
Furthermore, when assessed by a five-point scale, the patients’ physical function di
deteriorate during the follow-up.

The role of low-dose glucocorticoid therapy in enhancing the risk of generalized os
porosis in rheumatoid arthritis is controversial, as the frequency of osteoporosis an
localization vary widely between different studies (Star & Hochberg 1994, Sambrooet
al. 1986, Krögeret al. 1994). On the other hand, it has been postulated that by reduc
the disease activity and improving mobility, glucocorticoids would decrease bone los
active RA (Goughet al. 1994, Sambrooket al. 1989). However, there is no doubt tha
large doses of corticosteroids inhibit bone formation effectively, leading to rapid deve
ment of osteoporosis. In our series, prescriptions for oral corticosteroids were not c
mon. Although 25 patients took oral corticosteroids at some point during the study,
seven of them (13%) used these drugs throughout the study period. There was, howe
correlation between the percentage change of BMD in FN and the cumulative cortic
roid dose administered. Because RA patients with active disease are likely to be tr
with corticosteroids, the confounding effect of disease activity on this correlation can
be excluded.

We looked for the possible association between the changes in BMD and the s
markers of type I collagen metabolism. At baseline, the serum level of ICTP was m
often elevated than that of PINP, indicating the predominance of type I collagen br
down, while these markers correlated only weakly with each other. There was some
relation between the change of ICTP and BMD in LS during the two-year period (
-0.40). However, no correlations were detected between the collagen markers and
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changes in FN. On the other hand, we confirmed our earlier finding (Paimelaet al. 1994,
Studies I & II) that S-ICTP correlates with the markers of disease activity and the p
ress of erosive joint disease (data not shown).

Based on our results, early community-based RA cases with predominantly mild d
ase rarely develop generalized osteoporosis in a two-year follow-up. Against that ba
round, the ability of markers of type I collagen metabolism to reflect BMD changes co
not be tested in this series.

6.4. Prediction of disease progression by ICTP, rheumatoid factor and
C-reactive protein (Study V)

There has been an intensive search for different biochemical markers, such as
measuring bone and cartilage degradation, to distinguish the early RA cases with an
aggressive disease course from those with a milder course. The ideal marker shou
reliable, reproducible, sensitive, simple and inexpensive. Yet, there is no consensus
about the tests which should be generally used for disease prediction in RA. The la
agreement concerning the current gold standard against which any new prognostic in
tor should be compared further complicates the situation (Young & van der Heijde 19
Thus, our main guides to therapy at the present are the standard clinical and labor
tests, such as ESR and CRP, and radiographs.

In study V, it was shown that progressive joint disease (change of Larsen’s score
during 3 years) was more likely to occur in a patient who had elevated baseline S-ICT
4.6 µg/l) combined with either positive RF or elevated CRP (≥ 10 mg/l) than in one wit-
hout these changes. When the tests were used alone, the associations were weaker
the case of CRP the relation was not statistically significant.

The treatment schedule used in the present series was a typical “saw-tooth stra
Accordingly, a SAARD initially instituted was replaced by another in case of ineffica
or side-effects. Despite the relatively good clinical response, however, which was
lected in the rapid mean decline of CRP, ICTP dropped more gradually and most pat
showed radiologic progression (Paimelaet al. 1994). A randomized study of early RA
from Finland showed that combination therapy retards radiological progression m
effectively than monotherapy (Möttönenet al. 1999). How this is reflected in tissue-deri-
ved degradation products is not yet known. Although a prescription of SAARD is giv
to nearly every RA patient at the time of diagnosis in Finland, the present risk pro
could, however, be useful in differentiating the patients who will need the most agg
sive therapy from those with a mild disease course who can be treated with a single d

Several studies have also shown that CRP correlates with radiologic progres
(Otterness 1994). On the other hand, RF is still postulated to be the most powerful s
predictor of erosive disease in spite of the huge number of laboratory measures t
since the 1940s (Young & van der Heijde 1997). Other factors, including poor funct
female gender, articular index, HLA-DRβ1 shared epitope and acute-phase reactants, m
influence the outcome adversely, but are either no better than RF or unreliable when
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alone (Young & van der Heijde 1997). The results of the present series show that a
bination of baseline RF or CRP with a tissue degradation product, ICTP, gives a m
satisfactory prediction of subsequent radiologic progression.

Type I collagen accounts for about 90% of the organic matrix of bone, and is the m
matrix protein in tendons, ligaments and soft connective tissues. Thus, an assessm
its breakdown is thought to be useful in diseases with connective tissue degradation,
as RA. No comparative studies of the different measures of type I collagen degrad
have been performed in early RA, but a recent cross-sectional analysis of these mark
advanced RA showed serum ICTP and urinary pyridinoline to be superior to urinary
retion of deoxypyridinoline, aminoterminal cross-linked telopeptide of type I collag
and CrossLapsTM in discriminating between patients with RA and controls (Cortetet al.
1998). ICTP and PYD also have minimal short-term, day-to-day variability, and the
hors proposed that testing of these measures in the assessment of the effect of new,
tially disease-modifying therapies (Cortetet al. 1998) may be useful. In contrast to uri-
nary pyridinoline excretion, serum ICTP assay is readily available and easy to per
(Cortetet al.1998).

Serum ICTP has been shown to correlate with the extent of joint inflammation
measured by the Lansbury index in early RA (Kotaniemiet al 1994). In addition, compa-
red to other collagen-derived peptides, the synovial fluid:serum ratio of this collagen m
ker is rather low (Study I). Hence, it seems that the elevation of ICTP in the sera of p
nts with RA is mostly due to its direct liberation from the periarticular bone and synov
tissue of inflamed joints into the circulation (Hakalaet al.1993b, Cortetet al.1998).

It can be concluded that initially elevated serum ICTP combined with abnormal RF
CRP could serve as a predictive combination for an aggressive disease course in
RA.

6.5. Biochemical and immunologic markers for diagnosis and outcome
measurement in early RA

Table 14 shows a summary of the laboratory markers that are thought to have a pot
for the diagnosis and prediction of the outcome of early RA. Only a few of these te
namely RF, CRP and ESR, are routinely used in clinics. The results are contradicto
to the predictive potential of many of these markers.
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Taulukko 14: Biochemical and immunologic markers for diagnosis and outco
measurement in early RA. RF = rheumatoid factor, CRP = C-reactive protein, ESR
erythrocyte sedimentation rate, COMP = cartilage oligomeric matrix protein, BSP = bo
sialoprotein, ICTP = cross-linked carboxyterminal telopeptide of type I collagen, PYD
pyridinoline, DPYD = deoxypyridinoline.

Marker Prognostic Disease-specific

RF Yes Yes

CRP, ESR Yes No

Antifilaggrin antibody ?* Yes

Shared epitope/HLA-DR4 ? Yes

COMP Yes No

Hyaluronate Yes No

BSP Yes No

ICTP Yes No

PYD Yes No

? = Few or conflicting data, * Ahoet al. 1999.



7. Conclusions

1. There are markers of collagen metabolism that can be measured in serum and syno-
vial fluid to provide an assessment of the disease process in patients with RA. Hit-
herto, ICTP and PIIINP have been the most informative.

2. According to the results of this study, which mainly focused on patients with RA,
synovial fluid analysis may help in assessing the disease process of a particular joint
in patients with inflammatory arthritis. The results indicate that a high SF leukocyte
level is not necessarily associated with a poor prognosis. Instead, a high SF-ICTP
level seems to reflect accelerated radiological progression of the assessed joint.

3. An elevated serum ICTP level in patients with advanced RA seems to discriminate
between cases with mild and destructive joint disease and the need for total joint rep-
lacement surgery.

4. In discordance with the previous findings of early RA, generalized osteoporosis was
rarely seen during the first two years. The possible explanatory factors are that the
present series was community-based and the patients had predominantly mild disease,
were actively treated and showed no deterioration of their their physical function.
Against this background, the power of the markers of type I collagen metabolism to
reflect BMD changes could not be tested.

5. Initially elevated serum ICTP combined with either RF positivity or increased CRP
may serve as a predictive combination for an aggressive disease course in early RA.
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