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STELLINGEN

1 Aangezien radiologische osteoartrose (ROA) in de leeftijdscategorie 55-65 jaar
frequent voorkomt, leidt het selecteren van een controlegroep vrij van ROA tot
het vinden van een associatie met potentieel beschermende allelen tegen ROA
(dit proefschrift).

2 Milde mutaties in genen die alleen tijdens de ontwikkeling van het skelet tot
expressie komen, kunnen leiden tot ROA op latere leeftijd (dit proefschrift).

3 De hypothese dat het collageen type Il (COL2A1) gen uitsluitend betrokken is bij
ernstige gewrichtsaandoeningen wordt bevestigd door de associatie van het
COL2A1 gen en gegeneraliseerde ROA in de leeftijdscategorie 55-65 jaar
(Prockop and Kivirikko 1995, Ann Rev Biochem 64: 403-434; dit proefschrift).

4 Bij het uitvoeren van genetische associatiestudies bij een heterogene ziekte is de
marge tussen het maken van fouten van de eerste en tweede soort klein (dit
proefschrift).

5 Met een haplotype-analyse in een associatiestudie kan onderscheid gemaakt
worden tussen het “linkage disequilibrium” en “susceptibility” model van
associatie (Hodge 1993, Am J Hum Genet 53: 367-384; dit proefschrift).

6 Omdat in tandem herhaalde DNA motieven betrokken zijn bij het ontstaan van
humane ziekten past men er tegenwoordig voor op deze als “junk” DNA te
beschouwen (Willems 1994, Nature Genet 8: 213-215; Bennett et al. 1995,
Nature Genet 9: 284-291).

7 Als de hypothese juist is dat door recente evolutionaire veranderingen
gewrichten bij de mens verschillen in functionele reserve zal genetische variatie
vooral tot osteoartrose leiden in gewrichten met weinig functionele reserve
(Hutton 1987, The Lancet I: 1463-1465).

8 Bij het afzoeken van het genomische DNA naar nog onbekende ziektegenen
kan, door intelligent gebruik te maken van markers gelegen in gebieden met een
hoge gendichtheid, met het afzoeken van 17% van het genoom meer dan 37%
van de aanwezige genen worden uitgesloten als ziektegen (Inglehearn 1997,
Nature Genet 16: 15).



9 Succesvolle wetenschappers anno 1997 moeten even trend gevoelig zijn als
geslaagde couturiers.

10 In de genetische epidemiologie bepaalt het geslacht van de onderzoeker of
mannen of vrouwen nullen zijn.

11 Bij het spelen van squash is het krijgen van een “let” of “stroke” afhankelijk van
de omvang van de tegenstander.

Stellingen behorende bij het proefschrift getiteld: “Genetic predisposing factors of
osteoarthritis”.

Leiden, 28 oktober 1997 Ingrid Meulenbelt



Aan mijn ouders,
Voor Guido,
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1 GENERAL INTRODUCTION
1.1 DEFINITION AND CLASSIFICATION OF OSTEOARTHRITIS

Osteoarthritis (OA) is a disease affecting articular cartilage of joints and
underlying (subchondral) bone causing pain and disability. Clinically, OA is
characterized by joint pain, tenderness, limitation of movement, crepitus, occasional
effusion, and local inflammation occurring to a variable degree. Pathologically, OA is
characterized by fibrillation due to irregularly distributed loss of cartilage especially in
areas of increased mechanical load. Further characteristics are the occurrence of
marginal osteophytes, subchondral cysts and sclerosis of subchondral bone. Except
for large osteephytes these pathological changes can only be observed by X-ray
analysis. The radiological diagnosis of OA relies on characteristic pathological
features including 1) formation of osteophytes on the joint margins or in ligamentous
attachments 2) periarticular ossicles, chiefly in relation to distal and proximal
interphalangeal joints 3) narrowing of joint space associated with sclerosis of
subchondral bone 4) cystic areas with sclerotic walls situated in the subchondral
bone 5) altered shape of the bone ends. Based on these changes, Kellgren and
Lawrence [1] proposed criteria for diagnosing radiographically OA with the severity
graded from O to 4. Evidence of OA is usually defined as a Kellgren score grade 2 or
higher. OA may thus be diagnosed either on the basis of radiographs or on the basis
of clinical criteria. However, these different diagnoses have a low association [2, 3].
For population-based case-control studies it is, therefore, of particular importance
that OA is defined identically in case and control groups by either clinical signs,
radiographic signs or a combination in both groups. In this thesis we will use the
term ROA for radiological studies of OA irrespective of clinical OA symptoms.

The classification criteria of Mankin [4] distinguish two categories of OA: primary
or idiopathic (without a known cause) and secondary (associated with a known event
or disease). Primary OA is divided in two groups A) localized and B) generalized.

Localized forms of OA vary in anatomic location whereas generalized OA (GOA)
is a distinct clinical entity of patients with OA at three or more joint groups including
the small joints of the hands as most characteristic feature [5]. A genetic disorder in
the structure, biochemistry, or metabolism of cartilage is considered to contribute
importantly to the pathogenic mechanism of GOA [6].

Secondary OA is the classification for patients with OA due to identifiable,
congenital, traumatic, or systemic disease. All secondary forms of OA have similar
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clinical, radiological, and pathological features as primary OA but in addition there
are unique features that suggest a specific underlying cause. Several of these
distinguishing features will be discussed as risk factors of OA (section 1.3).

1.2 PREVALENCE OF RADIOLOGICAL OSTEOARTHRITIS

The prevalence of OA has been investigated in different populations, races and
geographic areas. OA increases in prevalence with increasing age suggesting a
continuous development of new or incident cases as the population ages. The exact
prevalence of OA depends on gender, joint site, and age. An extensive population-
based survey of ROA is the EPOZ-study, which consisted of a random sample of
6585 inhabitants of Zoetermeer (The Netherlands) [7]. This and other studies
revealed that the pattern of joint sites affected by ROA at different ages is sex
specific. At all ages the prevalence of ROA in the small joints of the hands (distal
interphalangeal (DIP), proximal interphalangeal (PIP), and metacarpophalangeal
(MCP)) and both knees was higher in women than in men, whereas ROA in the
lumbar and cervical spine joints (LS and CS, respectively) was more prevalent in
men than in women. Between the ages of 55 and 65 ROA in the hip was more
frequently present in men than women, whereas hip ROA occurs more frequently in
women aged over 65 [7].

Considerable gender differences are also observed in the age of onset and
incidence rate of ROA at specific joint sites. ROA in CS and LS occurs at the earliest
ages and is, by the age of 50 years, more present than absent in both men and
women. In contrast, the increase in prevalence of hip ROA occurs relatively late
(over 55 years) but does not increase further after the age of 64 years. Overall, ROA
in knees and hands becomes most prevalent with age.

Comparison of population-based studies reveals that the specific prevalence
patterns of ROA depending on sex, joint site and age were generally very similar
among various populations, suggesting common factors in the etiology of ROA [7].
The existing differences can be explained by 1) interobserver variations during the
interpretation of radiographs or 2) by a different distribution of genetic and/or
environmental risk factors such as the prevalence of obesity among populations.

The similarity in ROA prevalence may be explained by changes in joint function of
various joints in the recent evolutionary development of man (< 1 million years) [8].
Joints most commonly affected (CMC1, MCP1 and DIP, knee and hip) underwent
recent rapid evolutionary changes to new functions. An example of this is the
extended leg which increased mechanical loading at the hip and knee. These joints
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may be relatively underdesigned for their current functions and are likely to fail
relatively early in the extended lifespan of today’s modern men. Joints that are rarely
affected (wrist, elbow, shoulder, ankle) have changed to a function with reduced
loading. They have a large functional reserve and, therefore, may fail rarely and late
in life.

In this thesis we have studied ROA in a 55-65 year-old cohort. The prevalence of
ROA at most joint sites increases considerably in this specific age group and for
some joint sites such as the hip has already reached its maximum.

1.3 RISK FACTORS FOR OSTEOARTHRITIS

As indicated in the previous section the etiology of OA is multifactorial. The most
important risk factors are age, trauma, obesity, anatomical abnormalities, gender,
chondrocalcinosis, and genetic predisposition. Each of these risk factors will be
discussed shortly.

131 Age

The prevalence of OA increases rapidly with age and is almost universal over 70
years of age. Even in the absence of OA, gross anatomical as well as biochemical
changes have been reported to occur in articular cartilage as a function of increasing
age [9]. Although most of these changes are the reverse of what is seen in arthritic
cartilage, they provide a basis explaining why occurrence of OA may increase with
age. The collagen network, which is especially important for the tensile strength of
cartilage, is affected by a linear rise in non-enzymatic cross links (NEC) with
increasing age. NECs are irreversible end products of a biochemical reaction
between sugars and collagen fibres that make the collagen network brittle and
susceptible to breaks especially under high mechanical loading [10]. Proteoglycans,
which are especially important for retaining osmotic pressure, become fragmented
with age. The age-related fragmentation of proteoglycans does not decrease the
mechanical properties of cartilage [10]. However, breaks in the collagen network that
occur with age, especially under high mechanical stress, may eventually lead to
leakage of the fragmented proteoglycans from the extracellular matrix (ECM).
Depletion of proteoglycans may lead to loss of resilience capacity due to a decrease
in osmotic pressure. Under these conditions chondrocytes, in an attempt to repair
the ECM, may become hypertrophic and will inevitably produce proteolytic enzymes
resulting in cartilage degradation. When the regulation of ECM synthesis and
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proteolysis becomes increasingly out of balance, the mechanical properties of
cartilage will decline and the arthritic process will progress. Thus, age-related
changes make cartilage increasingly prone to fatigue failure and susceptible to the
onset of OA.

1.3.2 Trauma

Experimental and observational evidence suggests that knee injury such as
meniscal tears, meniscectomy and instability due to ligament disruption, increases
articular surface stress and thus increases the risk of subsequent knee OA [11]. In
animal models, OA is induced by controlled damage of meniscus and cruciate
ligament tears [12]. Several population-based surveys investigated the influence of
joint injury on the occurrence of OA. It was found that OA at the site of injury occurs
in 35% of men and 15% of women [13]. In both sexes the knee (e.g. meniscectomy
[11, 14]) most frequently showed an association with trauma, whereas, in men hip
[15] and spine were frequently involved. In women injury did not explain the frequent
occurrence of OA at multiple joints. Injury may thus be a prominent cause of knee
OA but also of the less common circumstances of hip fracture which causes
biomechanical alterations and OA.

1.3.3 Anatomical abnormalities

Gross abnormalities in the anatomy of the hip joint, such as congenital dislocation
of the hip, Perthes’ disease, or slipped capital femoral epiphysis are well-known for
leading to hip OA [16, 17, 18]. These abnormalities are uncommon and unlikely to
account for a large proportion of hip OA cases in the population. It has been shown,
however, that a large proportion (79%) of cases with idiopathic hip OA may be
caused by unrecognized mild developmental abnormalities [19]. Of these cases 40%
were found to have acetabular dysplasia, and 39% had a characteristic shape of the
femoral head/neck called "pistol grip deformity". The latter may be a result of mild
unrecognized slipped capital femoral epiphysis. Both mild acetabular dysplasia and
pistol grip deformity occur in a sex specific manner. Among men with hip OA 66%
was caused by pistol grip deformity and only 10% among women. In contrast, mild
acetabular dysplasia occurs in 68% of women with hip OA and in 15% of men. The
presence of mild congenital anatomical abnormalities thus accounts for a substantial
proportion of hip OA. It has even been postulated that primary OA of the hip does
not exist or is quite uncommon [20, 21, 22].
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1.3.4 Obesity

Obesity increases mechanical load on the joint. It has, therefore, often been
hypothesized that ROA, especially in weight-bearing joints, will be more common
among obese individuals. A number of large population-based studies (NHANES1
[11, 23, 24, 25], EPOZ [26, 27], the Framingham Study [28], New Haven survey [29]
and the Leigh population study [13]) show that ROA in the knee is positively
associated with obesity. The role of obesity for hip ROA, however, is controversial.
Several studies show positive associations of obesity and hip ROA [13, 29], while
others report no association [13, 30], weak association [31], or an association of only
ROA in the right hip of males [27]. It has also been reported that obesity or
peripheral body fat distribution is associated with ROA in the finger joints [13, 23, 29,
27], which cannot be explained by an increase of mechanical load on the joints. It is
possible that specific metabolic conditions (e.g. diabetes, hyperuricemia,
hypercholesterolemia) or certain elements of an obesity-producing diet (i.e. high fat)
accelerate cartilage degradation. It was found, however, that various metabolic
factors such as blood pressure, serum uric acid, cholesterol, diabetes, and adipose
tissue distribution did not contribute to the association of obesity with knee ROA
[24].

Furthermore, it has been shown that obesity causes an increased impulse
loading on articular cartilage. This may result in microfractures of the trabeculae in
bone which then remodels and becomes stiffer. Stiff bone transmits more load to
overlying cartilage, making it more vulnerable to degradation. Alternatively the
association of OA with obesity may be mediated by high bone mineral density (BMD)
due to high levels of circulating oestrogens generated by the peripheral
aromatization of androstenedione by fatty tissue [32].

It has also been suggested that obesity is a consequence rather than a cause of
ROA because of a sedentary lifestyle that results from ROA-associated disability. It
has however been reported by several studies that obesity is associated with both
symptomatic and non-symptomatic knee ROA [25, 28, 31]. In addition, longitudinal
studies showed a strong and consistent association between obesity at baseline and
the development of knee ROA, respectively, 12 and 36 years later [26, 28]. Taken
together, these data suggest that obesity increases the risk of ROA through a
mechanical effect on some joints (e.g. knees) and through metabolic pathways on
other joints (e.g. fingers).




































































































































































































































































































































































































































