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Abstract

The knee joint is the most usual site of osteoarthritis (OA). Knee OA is a leading cause of knee
pain and loss of function, especially among older age groups. In Finland, in the Health 2000
Survey, 6% of men and 8% of women had prevalent knee OA. The disease’s course is chronic and
progressive, and no curative treatment options are currently known. The basis of the treatment
consists of conservative methods including weight loss, physical therapy, pain medication and
other methods that relieve symptoms and improve functional ability. Surgical interventions, most
commonly total joint replacement, are considered when conservative methods prove inadequate.

Knee OA has shown to have several load-based risk factors, such as overweight, work-related
loading factors and knee malalignment. Of the systemic knee OA risk factors, most evidence exists
on female gender and genetic factors. There is growing interest in the potential systemic risk
factors of knee OA, such as low serum vitamin D levels, metabolic syndrome and its components,
low-grade systemic inflammatory state, and low dietary magnesium intake. Many aspects in the
results of previous studies have been conflicting.

The objective of the present study was to examine the potential systemic risk factors of knee
OA. For this prospective cohort study, patient data were obtained from the nationally
representative Mini-Finland Health survey and Health 2000 survey databases. Follow-up data on
incident knee OA cases were obtained from the national Care Register for Health Care database.

In the present study, none of the studied potential risk factors for knee OA – low serum 25-
hydroxyvitamin D, metabolic syndrome or its individual components, serum high sensitivity C-
reactive protein or lower dietary magnesium intake – were associated with an increased risk of
developing knee OA. Instead, elevated fasting plasma glucose levels decreased the risk of incident
knee OA. We also found that serum 25-hydroxyvitamin D seemed to predict the risk of knee OA
indirectly during the season with more sunlight and directly during the season with less sunlight,
but this association was probably not causal.

Keywords: C-reactive protein, knee joint, magnesium, metabolic syndrome,
osteoarthritis, vitamin D





Konstari, Sanna, Polven nivelrikon systeemiset ja ravitsemukselliset riskitekijät.
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ravitsemuksellisen saannin ja seerumin C-reaktiivisen proteiinin yhteys polven
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Tiivistelmä

Polvi on yleisin nivelrikon kohdenivel. Polven nivelrikko on yleinen polvikivun sekä toiminnan-
vajauksen syy etenkin iäkkäämmässä väestössä. Suomessa polven nivelrikkoa sairasti Terveys
2000 -terveystutkimuksen aineistossa noin 6 % miehistä ja 8 % naisista. Taudinkulku on krooni-
nen ja etenevä. Polven nivelrikolle ei tunneta parantavaa hoitoa, ja hoidon peruspilarit ovatkin
painon pudotus, omaehtoinen kuntoutus, kipulääkitys sekä muut konservatiiviset, oireita lievittä-
vät ja toimintakykyä parantavat hoitomuodot. Konservatiivisen hoidon osoittautuessa riittämät-
tömäksi, harkitaan kirurgisia hoitomuotoja, joista yleisin on polven tekonivelleikkaus.

Polven nivelrikolle tunnetaan useita kuormituksellisia riskitekijöitä, kuten ylipaino ja työhön
liittyvät kuormitustekijät sekä polven virheasennot. Systeemisistä polven nivelrikon riskiteki-
jöistä eniten tieteellistä näyttöä on naissukupuolesta ja geneettisistä tekijöistä. Mielenkiinto mah-
dollisia polven nivelrikon systeemisiä riskitekijöitä, kuten seerumin alhaista D-vitamiinitasoa,
metabolista oireyhtymää ja sen komponentteja, elimistön matala-asteista tulehdustilannetta sekä
vähäistä magnesiumin saantia kohtaan on kasvussa, mutta aiempien tutkimusten tulokset ovat
monelta osin ristiriitaisia.

Tämän tutkimuksen tavoite oli tutkia polven nivelrikon potentiaalisia koko elimistön kautta
vaikuttavia eli systeemisiä riskitekijöitä. Prospektiivisessa kohorttitutkimuksessa käytettiin
aineistoina kansallisesti edustavia Mini-Suomi - ja Terveys 2000 -terveystutkimusten aineistoja
sekä Terveyden ja hyvinvoinnin laitoksen hoitoilmoitusrekisteristä poimittuja polven nivelrik-
koa sairastavia potilaita.

Osatutkimuksissa ei todettu minkään tutkituista mahdollisista riskitekijöistä – matalien seeru-
min D-vitamiinitasojen, metabolisen oireyhtymän tai sen komponenttien, seerumin herkän C-
reaktiivisen proteiinin tai ravinnon matalamman magnesiumin saannin tilastollisesti merkitse-
västi lisäävän polven nivelrikon ilmaantumisen riskiä. Sen sijaan, kohonneen paastosokerin
todettiin merkitsevästi vähentävän polven nivelrikon riskiä. Seerumin D-vitamiinipitoisuus vai-
kutti ennustavan polven nivelrikon riskiä käänteisesti valoisana vuodenaikana ja suoraan vähäi-
semmän auringonvalon aikaan, mutta tämä yhteys ei luultavasti ole kausaalinen.

Asiasanat: C-reaktiivinen proteiini, D-vitamiini, magnesium, metabolinen oireyhtymä,
nivelrikko, polvinivel
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1 Introduction 
Knee osteoarthritis (OA) is a major health issue worldwide. It causes significant 
human suffering, as well as major socioeconomic expenses, through both direct and 
indirect work disability-related health care costs (Bitton, 2009; Felson et al., 2000). 
In Finland, 6% of men and 8% of women have been clinically diagnosed with knee 
OA (Arokoski et al., 2007). Knee OA is a chronic disease and treatment options are 
still limited, with no curative treatments available. Taking this into account, better 
understanding of the pathogenesis and risk factors of knee OA are needed, as well 
as knowledge of preventive methods. Knee OA affects several joint tissues, 
including cartilage, menisci, subchondral bone, synovium, ligaments, tendons, and 
muscles (Di Cesare, Abramson, & Samuels, 2009). A major characteristic of the 
disease is the imbalance between the degenerative and regenerative processes 
(Felson et al., 2000). Currently many assume that the pathogenesis of knee OA is a 
combination of biomechanical and biochemical factors. The most widely known 
predisposing factors for knee OA are older age, female gender, higher body mass 
index (BMI), heavy physical workload, and previous knee injuries (Blagojevic, 
Jinks, Jeffery, & Jordan, 2010; Ezzat & Li, 2014; Felson et al., 2000; McWilliams, 
Leeb, Muthuri, Doherty, & Zhang, 2011; Richmond et al., 2013; Zheng & Chen, 
2015). Still, the pathophysiology and detailed etiology of knee OA remains unclear 
in many ways. 

The etiology of knee OA is multifactorial. As the knee is a weight-bearing joint, 
local biomechanical predisposing factors, such as obesity, knee malalignment, knee 
laxity, joint dysplasia, injuries affecting the articular surfaces, tears of menisci or 
ligaments, decreased proprioceptive accuracy, muscle weakness, occupational 
loading factors, and excessive loading in leisure-time physical activities are 
currently widely accepted as risk factors for knee OA (Felson et al., 2000). Interest 
in the prediction of the systemic factors of knee OA is growing. Genetic factors 
have been suggested to play a role in knee OA onset and/or progression and some 
evidence to support this is available (Felson & Zhang, 2011; Felson et al., 1997). 
However, evidence of the role of nutritional factors, such as serum vitamin D status, 
dietary magnesium and vitamin C intake, as well as other systemic factors such as 
hormonal status or metabolic factors, in the risk of knee OA is still controversial 
(Bierma-Zeinstra & Koes, 2007; Felson et al., 2000, 1997; Hart, Doyle, & Spector, 
1999). 

The controversial and lacking evidence of the role of systemic factors in the 
risk of knee OA inspired the present study, the aim of which was to address this gap 
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in the current knowledge. More specifically, the objective of the present study was 
to examine whether vitamin D status, metabolic syndrome and its components, 
and/or low-grade systemic inflammation and dietary magnesium intake are 
significantly associated with the risk of developing clinical knee OA among the 
Finnish adult population. Hip OA, which was also studied as an endpoint in two of 
the original studies, was left out of the scope of this thesis. The study was based on 
two nationally representative Health Surveys and the national Care Register for 
Health Care.  
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2 Review of the literature 

2.1 Knee joint 

The knee joint is the largest joint in the human body (Pallin, 2010; Soames & 
Palastanga, 2019). It is a modified hinge joint permitting flexion and extension and 
slight internal and external rotation (Felson & Zhang, 2011; Pallin, 2010). The main 
articular bodies are the distal femur and its trochlear groove, the proximal tibia and 
the posterior surface of the patella. The knee joint actually comprises one joint 
cavity with three different joint surfaces: the medial and lateral tibiofemoral joints 
and the patellofemoral joint (Pallin, 2010; Soames & Palastanga, 2019). Cartilage 
tissue covers the bony joint surfaces and forms a gliding surface, enabling the 
articular surfaces to move freely within the required range of motion as well as 
absorb loads and distribute them accurately (Felson & Zhang, 2011). The knee joint 
is lined by a joint capsule, the inner lining cell layer of which is called the synovial 
membrane. The joint capsule together with the ligamentous structures and bridging 
muscles provide the mechanical stability of the knee joint (Soames & Palastanga, 
2019). The synovial membrane removes metabolites and matrix degradation 
products from the synovial space and produces cytokines and growth factors, 
matrix degrading enzymes, hyaluronic acid, and other lubricating factors (Felson 
& Zhang, 2011). An illustration of the main structures of the knee joint is provided 
in Figure 1. 

2.2 Articular cartilage 

Articular cartilage is a tissue made up of water (> 70%) and chondrocytes 
within an extracellular matrix consisting predominantly of type II collagen, 
proteoglycans, and aggrecans (Goldring & Goldring, 2016). The matrix is produced 
by chondrocytes, and therefore chondrocytes are responsible for cartilage 
remodeling and the maintenance of structural and functional integrity. In steady 
state conditions, when there is no excessive stress on the cartilage, the chondrocytes 
are quiescent and there is only little cartilage matrix turnover (Garfinkel, Dilisio, 
& Agrawal, 2017). The interactions between the chondrocytes and the extracellular 
matrix are complex and the mechanisms that control this are poorly understood 
(Goldring & Goldring, 2016). Articular cartilage is largely avascular, aneural and 
alymphatic, hence has a very limited self-restoration capacity. Under physiological 
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conditions cartilage can, however, endure high cyclic loading (Garfinkel et al., 
2017). Garfinkel et al. (Garfinkel et al., 2017) have described cartilage as being 
divided into three zones/layers by their type II collagen and chondrocyte 
distribution, which gives the zones their characteristic functions and compositions. 
The chondrocytes in the superficial zone are densely packed, and together with type 
II collagen are oriented parallel to the articular surface. This type II collagen 
orientation allows for increased tensile strength. The chondrocytes in the middle 
zone are round and both they and type II collagen are randomly distributed within 
the extracellular matrix. Type II collagen is oriented perpendicular to the articular 
surface. The chondrocytes in the deep zone are round and form clusters. In the deep 
zone, type II collagen is randomly distributed and oriented perpendicular to the 
articular surface. The perpendicular orientation of the type II collagen in the middle 
and deep zones is responsible for the compressive strength of the articular cartilage 
(Garfinkel et al., 2017; Goldring & Goldring, 2016). Patellar and femoral cartilage 
surfaces differ in their properties. The articular cartilage of the patella has a lower 
compressive aggregate modulus and higher permeability than femoral cartilage 
(Froimson, Ratcliffe, Gardner, & Mow, 1997). Patellar cartilage has a higher water 
content and a lower proteoglycan content (Sharif et al., 2006). 

Fig. 1. Illustration of the knee joint. 
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The cartilage is separated from the underlying cortical plate and trabecular 
bone by a thin layer of calcified cartilage. Together the articular cartilage, calcified 
cartilage and subchondral bone form a structure known as the osteochondral unit 
(Goldring & Goldring, 2016). Cartilage is avascular, which restricts the supply of 
nutrients and oxygen to the chondrocytes (Bijlsma, Berenbaum, & Lafeber, 2011). 
Articular cartilage obtains its nutrition from the synovial fluid by diffusion, and 
some nutrition to the deeper layers can also be transferred from the underlying 
subchondral bone (Goldring & Goldring, 2016). In an Australian study, tibial 
cartilage volume was directly associated with bone mineral density, whereas 
patellar cartilage volume was not (Cicuttini et al., 2004). 

2.3 Knee OA 

OA is the most common joint disease. It is the most common arthropathy of the 
knee joint, and the knee is the most common location for arthrosis (Marks, 2016). 
Knee OA is also the most prevalent etiology of total knee replacement. For this 
reason, as well as through disability, knee OA incurs great expenses in developed 
countries (Bitton, 2009). 

OA is a group of overlapping disorders leading to definable morphologic and 
clinical outcomes (Di Cesare et al., 2009). Articular cartilage tissue is central in 
joint functions and in the pathogenesis of knee OA (Felson et al., 2000). Knee OA, 
however, is a disease that affects not only the articular cartilage but also other joint 
tissues – the subchondral bone, menisci, synovial membrane, joint capsule, 
ligaments and bridging muscles (Felson et al., 2000). Figure 2 shows an illustration 
of healthy and osteoarthritic tibiofemoral joint. 

Knee OA is often diagnosed late. Articular cartilage being aneural, changes in 
the cartilage sites only do not cause clinical signs before the innervated tissues also 
become involved (Bijlsma et al., 2011). 

It has been suggested that knee and hip OA should be studied separately in 
epidemiological studies due to their different epidemiological and 
pathophysiological profiles, as well as their different risk factors (Felson et al., 
2000). It is also suggested that OA is not a single disease, but several disorders 
leading to a similar endpoint (Felson et al., 2000). It is noteworthy that knee OA 
does not occur suddenly. What constitutes a healthy or osteoarthritic joint is 
somewhat artificial and a matter of definition, as a given threshold, structural 
change or symptoms, only divides a continuum of findings and symptoms (Felson 
& Zhang, 2011). 
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Fig. 2. Illustration of healthy and osteoarthritic tibiofemoral joint. 

2.3.1 Prevalence 

Knee OA is the most prevalent joint disorder in developed countries (Marks, 2016). 
In the Mini-Finland Health survey conducted in 1978–80 among the Finnish 
population aged 30 years or over, the age-adjusted prevalence of knee OA was 6% 
among men and 15% among women (Heliövaara et al., 1993). In the Health 2000 
survey, conducted on a similar population sample and with uniform diagnostic 
criteria in 2000–2001, the age-adjusted prevalence of knee OA was 6% among men 
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and 8% among women (Arokoski et al., 2007). Among women, the prevalence of 
knee OA halved over 20 years, and the younger the observed population, the greater 
the decrease in knee OA prevalence (Heliövaara, Impivaara, Nykyri, & Riihimäki, 
2007). Among men, the change in knee OA prevalence over 20 years was minor 
(Arokoski et al., 2007; Heliövaara et al., 2007, 1993). The prevalence of knee OA 
was less than 2% in the 30–44-year age group in both the Mini-Finland and Health 
2000 surveys (Arokoski et al., 2007). From the 55–65-year age group upwards, the 
prevalence rises substantially among both men and women in both of these surveys 
(Arokoski et al., 2007). In the NHANES III study conducted in the USA (Dillon, 
Rasch, Gu, & Hirsch, 2006), the prevalence of symptomatic knee OA was 12% and 
the prevalence of radiographic knee OA was 37% among adults aged 60 and older. 
The prevalence of knee OA increases with age. In the Rotterdam study, conducted 
in the Netherlands in 2011–2012, the prevalence of symptomatic knee OA was 8% 
among adults aged 45–64 and 16% among adults aged over 65. Among adults aged 
under 45, the prevalence of symptomatic knee OA was 2.1%. In the Rotterdam 
study, the highest annual incidence of OA, however, was among those aged 
between 55 and 64 (Deshpande et al., 2016). As the amount of elderly people is 
increasing, the prevalence of knee OA will probably grow (Hunter & Felson, 2006). 
Among Finns aged 75 or older, the prevalence of knee OA is up to 45% (Arokoski 
et al., 2007; Riihimäki, Heliövaara, & The Working Group for Musculoskeletal 
disorders, 2002). 

2.3.2 Symptoms, clinical characteristics and radiological findings 

Knee pain is the most common symptom of knee OA (Bijlsma et al., 2011). Other 
prominent symptoms of knee OA include stiffness and loss of function of the knee 
joint. The knee is the joint most commonly affected by OA which is one of the 
leading causes of disability and functional impairment among adults (Blagojevic et 
al., 2010; Marks, 2016). In fact, OA is the most common cause of trouble with 
climbing stairs and walking (Marks, 2016). Knee OA, especially the unremitting 
pain related to it, may cause psychological complications, such as depression and 
anxiety, which in turn may have a negative impact on pain experience. This can 
lead to further psychological problems, such as sleep disturbances, fatigue, and 
self-efficacy issues. These factors combined have a negative effect on the quality 
of life (Marks, 2016). Disconcordance between knee pain and radiological findings 
is characteristic of knee OA (Felson et al., 2000). The cause of pain in OA is still 
somewhat unclear. Bone marrow changes and synovial inflammation are thought 
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to be some of the central factors in the development of pain related to OA (Bijlsma 
et al., 2011; Felson et al., 2001; Torres et al., 2006) 

The radiographic diagnosis of knee OA is usually made on the basis of plain 
radiographic examinations that can be performed either prone or supine. It is 
suggested that all elective non-traumatic plain knee radiographs should be taken in 
a weight-bearing, 45 degree flexion position to reach the best sensitivity for OA 
changes (A. Chen, Balogun-Lynch, Aggarwal, Dick, & Gupte, 2014; Fontboté, 
Nemtala, Contreras, & Guerrero, 2008). In clinical practice, both 
anteroposterior/posteroanterior and lateral views should be taken (Duncan, Hay, 
Saklatvala, & Croft, 2006). It should be noted that the radiographic diagnosis of 
knee OA, commonly used in epidemiological research, usually only takes into 
account tibiofemoral OA, and not patellofemoral OA changes. In a study by 
Duncan et al., among the participants with knee pain (n=777), the most common 
radiographic pattern of knee OA was combined tibiofemoral and patellofemoral 
OA (40% of study participants). Isolated patellofemoral OA was found among 24% 
of participants and isolated tibiofemoral OA among only 4% of participants. Thirty-
two percent of participants demonstrated normal radiographic findings (Duncan et 
al., 2006). Clinically diagnosed knee OA, however, often includes both 
tibiofemoral and patellofemoral OA as a combination, as they often co-exist and 
are hard to differentiate on the basis of symptoms and clinical findings. The classic 
findings of knee OA in plain radiographs include joint space narrowing (joint space 
< 3 mm on weight-bearing radiograph), subchondral sclerosis, osteophyte 
formation, subchondral cysts and an overall altered shape of the joint surfaces 
(Kellgren & Lawrence, 1957; Kohn, Sassoon, & Fernando, 2016).  

The Kellgren-Lawrence classification is the most widely used tool for grading 
radiographic changes in knee OA. The antero-posterior radiographs of the different 
grades are presented in the original article by Kellgren and Lawrence (Kellgren & 
Lawrence, 1957) and are verbally described as follows: “Grade 0: no radiographic 
features of OA are present, Grade 1: doubtful narrowing or the joint space with 
possible osteophyte formation, Grade 2: possible narrowing of the joint space with 
definite osteophyte formation, Grade 3: definite narrowing of the joint space, 
moderate osteophyte formation, some sclerosis, and possible deformity of bony 
ends, and Grade 4: large osteophyte formation, severe narrowing of the joint space 
with marked sclerosis, and definite deformity of bone ends.” Examples of the 
different grades of knee OA according to Kellgren and Lawrence grading scale are 
shown in Figure 3. Radiographic evidence of knee OA is traditionally considered 
when the Kellgren-Lawrence radiological grade reaches 2 or more, and this cut-off 
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point is widely used in epidemiological research (Salehi-Abari, 2016). Plain 
radiographs do not provide direct information on cartilage thickness or integrity, 
but assess these indirectly through assessing joint space width (Bijlsma et al., 2011). 
They also provide no reliable information on synovial changes (Bijlsma et al., 
2011). Magnetic resonance imaging (MRI) can provide additional information on 
soft tissues, and show, for example, synovial thickening, bone marrow edema, 
cartilaginous defects, bursitis, and iliotibial band syndrome (Kornaat et al., 2006).  

A clinical examination should always be the foundation pillar of knee OA 
diagnostics and is needed in addition to radiological examinations to confirm the 
diagnosis and exclude other causes of joint degeneration, such as rheumatoid 
arthritis (Bijlsma et al., 2011). Some findings of knee OA in physical examinations 
include synovial effusion, restricted passive movement, crepitus, and in the late 
phases, joint deformities. Other causes of knee pain, such as bursitis, tendinitis and 
muscle spasms should also be borne in mind (Bijlsma et al., 2011). 

 

Fig. 3. Different grades of knee OA on plain radiographs according to Kellgren and 
Lawrence grading scale. a) Kellgren and Lawrence grade 0, no radiographic changes of 
OA; b) Kellgren and Lawrence Grade 1, doubtful narrowing or the joint space with 
possible minor osteophyte formation in medial tibial articular margin, c) Kellgren and 
Lawrence Grade 2, possible narrowing of the joint space with definite small osteophytes 
in the medial tibial articular margin; d) Kellgren and Lawrence Grade 3, definite 
narrowing of the joint space, moderate osteophytes, some sclerosis, and some 
deformity of bony ends; e) Kellgren and Lawrence Grade 4, large osteophytes, severe 
narrowing of the joint space with marked sclerosis, and definite deformity of bone ends. 

2.3.3 Diagnostic criteria 

The Finnish Current Care Guideline (Arokoski et al., 2018) recommends that 
clinicians use the American College of Rheumatology clinical/radiographic 
classification criteria (Altman et al., 1991, 1986) for diagnosing knee OA. 
According to this criteria knee OA diagnosis can be established in the presence of 
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knee pain with at least one of the following three items along with osteophytes in 
plain knee radiographs: age of over 50 years, morning stiffness for less than 30 
minutes, and crepitus on knee motion. The absence of the following exclusion 
criteria is also demanded for knee OA diagnosis: moderate to significant knee 
synovitis, hot or red knee or history and/or physical examination findings 
compatible with the internal derangement of knee. It has been noted that by using 
these criteria some mild cases of knee OA, especially cases that present before the 
age of 50 years, may be missed, and alternative criteria have been suggested 
(Salehi-Abari, 2016). Radiographical evidence of knee OA is traditionally 
considered when the Kellgren-Lawrence radiologic grade (graded 0–4) reaches 2 
or more (Salehi-Abari, 2016). 

2.3.4 Pathogenesis 

As described by Di Cesare et al. (Di Cesare et al., 2009), knee OA is actually a 
group of conditions leading to changes in articular cartilage and the subchondral 
bone as well as in the menisci and joint margins, including the synovial tissue, 
periarticular muscles, and ligaments. The pathogenesis of knee OA is still poorly 
understood and probably varies. The current understanding is that knee OA is not 
a disease caused solely by mechanical “wear and tear”, but more of a slowly 
progressive condition of the joint tissues, primarily cartilage and subchondral bone, 
affected by inflammatory and destructive mediators released by chondrocytes 
(Goldring & Goldring, 2016). 

Different hypotheses have attempted to explain the pathway leading to knee 
OA (Aigner & Schmitz, 2011). Chronic mechanical load or overload is probably 
the most widely accepted hypothesis of knee OA pathogenesis. Other possible 
explanations for the cartilage and joint degeneration include matrix proteolysis, 
age-induced changes and deranged cellular phenotype of the chondrocytes (Aigner 
& Schmitz, 2011). 

Repetitive mechanical stimulation of articular cartilage might prevent it from 
regenerating properly, leading to cartilage degeneration. The imbalance between 
chondrocyte regenerative and degradative activity leads to progressive thinning of 
the articular cartilage (Aigner & Schmitz, 2011). The full pathway to this imbalance 
remains unclear. The early stages of OA pathophysiology have been described by 
Goldring and Goldring (Goldring & Goldring, 2016) and Garfinkel et al. (Garfinkel 
et al., 2017). One of the earliest macroscopic changes of articular cartilage 
degeneration is the fibrillation of its superficial zone. In the early stages of OA, the 



27 

cartilage matrix is somehow damaged, and its molecular framework is altered. This 
leads to loss of glycosaminoglycans and results in an increased water content of the 
matrix. (Goldring & Goldring, 2016). This results in swelling of the tissue and 
alterations in its biomechanical properties as well as chondrocyte activation and 
response to tissue damage. The chondrocytes release degradative enzymes and the 
cartilage loses proteoglycan aggregation (Di Cesare et al., 2009). In later stages, 
the fibrillations extend deeper and form fissures that ultimately reach the 
subchondral bone. Articular cartilage fragments are released into the joint space 
and may lead to irritation. In later stages, enzymatic degradation of the articular 
cartilage also takes place, leading to additional cartilage thinning (Garfinkel et al., 
2017; Goldring & Goldring, 2016). 

Changes also occur in the extracellular matrix composition of the articular 
cartilage. The chondrocytes increase the synthesis of types II, IV, IX and XI 
collagen as well as aggrecans (Garfinkel et al., 2017). The chondrocytes proliferate 
and undergo phenotypic changes that favor anabolic responses. The type II collagen 
network is destabilized from the degradation of types IX and XI collagen and other 
molecules (Garfinkel et al., 2017). Eventually, however, as the anabolic repair 
processes are inadequate to keep up with the catabolic processes, the anabolic 
response declines and the cartilage progressively gets thinner (Di Cesare et al., 
2009; Garfinkel et al., 2017; Goldring & Goldring, 2016). 

The molecular mechanisms involved in OA are poorly understood. It has been 
suggested that some growth factors (such as transforming growth factor-β) and 
signaling molecules (such as Smad3) are involved (D. Chen et al., 2017). 
Inflammatory processes have also been recognized as part of OA pathogenesis, 
with the entire synovial joint, including cartilage, subchondral bone, and synovium 
being involved in the inflammatory process (D. Chen et al., 2017). Factors such as 
tumor necrosis factor-α, interleukin 1β and chemokines are related to nuclear 
factor-κB signaling activation in synovial cells and chondrocytes (D. Chen et al., 
2017; Mabey & Honsawek, 2015). Systemic inflammation has been suggested to 
lead chondrocytes toward hypertrophic differentiation and catabolic responses 
through inflammatory mediators and ultimately the nuclear factor-κB pathway (D. 
Chen et al., 2017). The inflammatory signals can also contribute to OA by inducing 
mitogen-activation protein (MAP) kinases and oxidative phosphorylation (D. Chen 
et al., 2017). In addition, complement can be activated in chondrocytes and 
synovial cells (D. Chen et al., 2017). 

Changes in the subchondral bone have been recognized as important parts of 
disease progression (Goldring, 2008; Neogi, 2012). The subchondral bone shows 
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changes in bone volume, turnover and mineralization as volume increases, but the 
strength and mineralization decrease (Neogi, 2012). The changes in the 
subchondral bone could have adverse effects in the biomechanical surroundings of 
the cartilage. Subchondral bone sclerosis and the formation of osteophytes at the 
joint margins are classic signs of OA on radiographs (Felson et al., 2001, 2000). 
Subchondral bone edema can be seen on MRI in the early stages of OA, before 
definitive signs on plain radiographs (Neogi, 2012). 

Synovium frequently shows evidence of inflammation and often corresponds 
to clinical symptoms such as joint swelling and inflammatory pain (Bijlsma et al., 
2011). Ligamentous changes and the weakening of the bridging muscles are also 
seen in knee OA pathogenesis, and these lead to increased laxity and further 
inadequate mechanical loads to the knee joint (Felson et al., 2000).  

2.3.5 Treatment 

In early OA, when loss of function is not as much of a problem as pain and stiffness, 
treatment should focus on pain and stiffness management and reduction and, in the 
long term, prevention of disease progression (Bijlsma et al., 2011). Treatment 
options can be divided into non-pharmacological, pharmacological and surgical. 
Non-pharmacological treatments include physical therapy, physical exercise, 
pacing of activities, joint protection, weight reduction, and non-pharmacological 
pain management options such as insoles, lasers, transcutaneous electrical nerve 
stimulation, ultrasound, electrotherapy and acupuncture. Evidence of the 
effectiveness of physical exercise in the treatment of knee OA is strong (American 
Academy of Orthopaedic Surgeons, 2013; Working group set up by the Finnish 
Medical Society Duodecim and the Finnish Orthopaedic Association, 2012). 
Evidence against the use of lateral wedge insoles in knee OA treatment is moderate 
(American Academy of Orthopaedic Surgeons, 2013). Evidence that manual 
therapy, valgus directing force braces as well as physical agents and 
electrotherapeutic modalities are useful treatment methods is inconclusive 
(American Academy of Orthopaedic Surgeons, 2013). Acupuncture cannot be 
recommended on the basis of current evidence (American Academy of Orthopaedic 
Surgeons, 2013). In some patients, the treatment of pain comorbidities such as 
sleeping problems and mood disorders may also be warranted and the treatments 
for these problems may be pharmacological or non-pharmacological (Bijlsma et al., 
2011). Weight reduction has shown to be effective in treating knee OA symptoms, 
especially pain and disability (Aaboe, Bliddal, Messier, Alkjær, & Henriksen, 2011; 
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Christensen, Bartels, Astrup, & Bliddal, 2007; Messier et al., 2013). However, 
evidence of the effectiveness of weight loss in knee OA treatment overall is 
moderate (American Academy of Orthopaedic Surgeons, 2013). 

The pharmacological treatment options for knee OA have previously been 
comprehensively reviewed by Bijlsma et al. (Bijlsma et al., 2011). They have 
usually consisted of paracetamol and non-steroidal anti-inflammatory drugs 
(NSAIDs) used at the lowest effective dose. Evidence of the usefulness of NSAIDs 
in knee OA is strong (American Academy of Orthopaedic Surgeons, 2013). 
Stronger analgesics, including weak opioids, are only indicated when paracetamol 
and NSAIDs are ineffective or contraindicated. The use of opioids in OA treatment 
has increased but should be reserved to exceptional and usually temporary 
circumstances. Evidence of the advantage of these agents in knee OA treatment is 
inconclusive (American Academy of Orthopaedic Surgeons, 2013). Topical 
NSAIDs are possibly safer than oral NSAIDs and have been reported to be as 
effective and can thus also be used. In addition, topical capsaicin can be effective 
(Bijlsma et al., 2011). Some slow-acting drugs for knee OA are also available on 
the market, such as glucosamine sulphate, and chondroitin sulphate. The effect of 
these agents on knee OA remains uncertain, but some evidence of their effect on 
pain alleviation is available (Ogata et al., 2018; Singh, Noorbaloochi, MacDonald, 
& Maxwell, 2015). The American Academy of Orthopaedic Surgeons’ Evidence-
Based Guideline concludes that these agents cannot be recommended as part of 
knee OA treatment as the evidence of their ineffectiveness is strong (American 
Academy of Orthopaedic Surgeons, 2013). 

Intra-articular injections of pharmaceuticals are also used for the treatment of 
knee OA. Intra-articular glucocorticoid injections are primarily used for 
inflammatory flare-ups of knee OA, whereas hyaluronic acid injections are 
intended for treatment of knee OA without current inflammatory flare-up. The 
symptomatic benefits of hyaluronic acid injections compared to glucocorticoid 
injections are more long term and have a more delayed onset (Bijlsma et al., 2011; 
Xing et al., 2016). Evidence of the effectiveness of intra-articular corticosteroids in 
knee OA treatment is considered inconclusive (American Academy of Orthopaedic 
Surgeons, 2013) to moderate (Working group set up by the Finnish Medical Society 
Duodecim and the Finnish Orthopaedic Association, 2012). Evidence of the benefit 
of hyaluronic acid injections is weak, and the American Association of Orthopaedic 
surgeons do not recommend these injections (American Academy of Orthopaedic 
Surgeons, 2013). However, the Finnish Current Care Guideline states that evidence 
of the effectiveness of hyaluronate acid injections is moderate (Working group set 
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up by the Finnish Medical Society Duodecim and the Finnish Orthopaedic 
Association, 2012). 

Surgical treatment options are considered in cases in which conservative 
treatments are inefficient (Bijlsma et al., 2011). The most common surgical 
treatment option for knee OA is total joint replacement. The evidence of total knee 
replacement’s efficacy in pain alleviation and improvement of functional capacity 
and quality of life is moderate (Working group set up by the Finnish Medical 
Society Duodecim and the Finnish Orthopaedic Association, 2012). Other surgical 
intervention options include high tibial osteotomy (limited evidence), and in some 
instances even joint fusion, which in knee joint cases is not considered a primary 
procedure but more of a salvage procedure (American Academy of Orthopaedic 
Surgeons, 2013). Replacement arthroplasties are considered cost-effective and 
effectual when a combination of non-pharmacological and pharmacological 
treatments are insufficient and the patient has significant symptoms and/or 
functional impairment (Bijlsma et al., 2011). Lavage and arthroscopic debridement 
are not advised as general knee OA treatment and should be limited to patients with 
meniscus tears and, even then, their effectiveness may be limited (Brignardello-
Petersen et al., 2017; Sihvonen et al., 2013, 2018). The American Association of 
Orthopaedic Surgeons states that evidence against arthroscopy is strong, and that 
evidence against needle lavage is moderate (American Academy of Orthopaedic 
Surgeons, 2013). 

2.4 Known and potential risk factors for knee OA 

Knee OA can be categorized into primary and secondary OA, which are 
pathologically indistinguishable from each other (Di Cesare et al., 2009). The 
secondary causes of knee OA include conditions such as dysplastic changes, 
infectious and inflammatory conditions and post-traumatic conditions (Aigner & 
Schmitz, 2011). Some examples of secondary knee OA include conditions 
secondary to gout, bone infarction, hemophilia, intra-articular infections, psoriatic 
arthritis, rheumatic disease, calcium crystal deposition disease, and already 
mentioned trauma and joint instability (Di Cesare et al., 2009). Chronic overload 
to the joint from heavy manual work, repetitive overload from sports activities, and 
varus or valgus deformities can also cause knee OA that may be considered 
secondary. OA develops from impaired joint physiology superimposed by excess 
loading (Aigner & Schmitz, 2011). The etiology of primary knee OA is still in many 
ways unclear, but some known etiologic factors include female gender and genetic 
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factors. There is also growing interest in systemic factors that could potentially be 
preventively targeted, such as dietary and metabolic factors (Aigner & Schmitz, 
2011).  

Studying the risk factors for the incidence and progression of knee OA is 
challenging. One reason for this is the slow progression of findings and symptoms 
in knee OA, and the difficulty of diagnosing early disease (Di Cesare et al., 2009). 
Studies of disease progression are especially problematic, mainly due to the 
potential development of knee malalignment at some stage of the disease course 
(Felson & Zhang, 2011). Knee malalignment causes excessive transarticular point-
loads and may be sufficient to cause disease progression alone, even in the absence 
of other risk factors. Knee malalignment is considered such a strong risk factor that 
other risk factors are, in these cases, rarely significant (Felson & Zhang, 2011). 
When studying OA progression, it is also difficult to identify a risk factor that 
causes quicker disease progression than normal, as it is hard to determine the 
follow-up time during which the disease would have progressed in participants at 
a higher risk of progression and not in participants without the risk factors. 
Progression studies examine knees that are already osteoarthritic and already have 
risk factors, which make both incidence and progression likely, and which may not 
all be known, thus making confounding possible for some relevant factors (Felson 
& Zhang, 2011). Therefore, in potential risk factors other than malalignment, it is 
more common, and probably more adequate, to study knee OA incidence rather 
than progression.  

It should also be noted that the risk factors for tibiofemoral and patellofemoral 
knee OA might vary at least partly (Cooper et al., 1994). For example, genetic 
factors seem to predict patellofemoral OA better than tibiofemoral OA. In turn, 
obesity is a stronger predictor of tibiofemoral OA than patellofemoral OA (Cooper 
et al., 1994). 

Whether it is best to use symptomatic or radiographic knee OA as a study 
outcome in epidemiologic studies is not obvious or definite (Felson & Zhang, 2011). 
There is some discordance between radiographic knee OA and knee pain (Felson 
& Zhang, 2011). It would probably be beneficial to conduct studies with both 
clinical and radiographic endpoints or a combination of both. 

2.4.1 Age 

The prevalence of knee OA increases with age (Deshpande et al., 2016). To show 
that age is an independent risk factor of knee OA is more difficult. It is evident that 
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among participants aged 50 and over, the incidence of knee OA is greater than 
among participants aged under 50 (Arokoski et al., 2007; Riihimäki, Heliövaara, et 
al., 2002). One reason for the increased prevalence of knee OA in older age groups 
is that the articular cartilage becomes thinner and less responsive with aging, 
making it more susceptible to injury (Felson & Zhang, 2011). Slower reaction times 
and weaker muscles may also make older participants more susceptible to trauma 
and overload (Felson & Zhang, 2011; Sokoloff, 1987). At the higher end of the age 
spectrum, however, the risk does not increase linearly; on the contrary, some studies 
have found very old participants to have reduced incidence of knee OA (Deshpande 
et al., 2016; Felson & Zhang, 2011). This may be due to the overall increased 
disease burden leading to fewer health care contacts due to knee OA. Another 
possible explanation is that the loads and injuries caused to the knee joint may 
decrease in older age groups, as mobility may be more limited. A systematic review 
and meta-analysis (Blagojevic et al., 2010) of knee OA risk factors found increasing 
age to be a risk factor for knee OA. Of the studies included in the meta-analysis, 
one (Oliveria, Felson, Reed, Cirillo, & Walker, 1995) showed that the increased 
incidence leveled off at around the age of 80.  

2.4.2 Gender 

There is a general agreement that female gender is associated with a greater risk of 
developing knee OA than male gender, and this has been shown in several studies 
(Borrero, Kwoh, Sartorius, & Ibrahim, 2006; Felson et al., 1997; Hochberg, 
Lethbridge-Cejku, & Tobin, 2004; Manninen, Riihimäki, Heliövaara, & Mäkelä, 
1996; McAlindon, Zhang, et al., 1996; Seavey, Kurata, & Cohen, 2003; Soeroso, 
Dans, Amarillo, Santoso, & Kalim, 2005), and in a systematic review and a meta-
analysis (Blagojevic et al., 2010). The reason and mechanism for the higher risk of 
knee OA among women are still largely unclear, but it has been hypothesized that 
they are related to the drop in estrogen levels after menopause causing changes in 
the subchondral bone or cartilage itself, as well as the greater joint laxity among 
women than among men (Lu et al., 2019). However, these potential explanations 
for the association are unable to explain why the prevalence of knee OA among 
Finnish women substantially decreased from 1980 to 2000 (Heliövaara et al., 2007). 
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2.4.3 Genetic factors 

A number of genes predisposing to OA, including knee OA, have been discovered. 
In a cohort study conducted on 120 dizygotic and 130 monozygotic female twin 
pairs, a higher intraclass correlation for the clinical and radiographic features of 
knee OA in both tibiofemoral and patellofemoral joints was discovered among 
monozygotic twins than dizygotic twins (Spector, Cicuttini, Baker, Loughlin, & 
Hart, 1996). Another longitudinal twin study with 114 monozygotic and 195 
dizygotic female twin pairs with an average follow-up of 7.2 years found that 
intraclass correlation of the progression of both knee joint space narrowing and 
osteophyte formation was higher among monozygotic than dizygotic twins, with 
heritability estimates between 62% and 72% (Zhai, Hart, Kato, MacGregor, & 
Spector, 2007).  

Studies based on MRI findings instead of radiographic findings will probably 
provide a better understanding of the inheritance of knee OA, as changes in the 
cartilage, subchondral bone and soft tissues related to the knee joint can be assessed 
more accurately, and volumes of the articular cartilage and bone areas can be 
calculated (Williams, Zhai, & Spector, 2011). Some studies have already been 
conducted using MRI. In a setting of female twins and an assessment of the effect 
of genetic and environmental factors on calculated cartilage volume, the intraclass 
correlations were higher among monozygotic than dizygotic twins, with heritability 
estimates of 61%–76% in different knee cartilage sites (Hunter, Snieder, March, & 
Sambrook, 2003). Medial tibial cartilage volume, lateral tibial bone size, 
progression of chondral defects and muscle strength – changes relevant to later 
stages of knee OA – have also shown to be highly heritable (Zhai et al., 2007).  

Several familial disorders associated with OA are known, such as familial 
calcium pyrophosphate deposition disease, hydroxyapatite arthritis, Stickler 
syndrome and chondrodysplasias. Some genes suggested to play a role in knee OA 
heritability include collagen genes, particularly COL2A1, the vitamin D receptor 
gene, estrogen receptor genes, the aggrecan gene, the cartilage link protein 1 gene, 
the tumor necrosis factor gene, and the interleukin-1 gene (Williams et al., 2011). 
The significance of the mutations in these genes in knee OA needs further 
investigation (Williams et al., 2011). 
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2.4.4 Overweight and obesity 

Obesity is associated with a higher risk of knee OA and increases the likelihood of 
total joint replacement surgery among younger adults (Coggon et al., 2000; J. 
Dawson, 2003; Felson, 1988, 1992; Harms, Larson, Sahmoun, & Beal, 2007; Hart 
et al., 1999; Hochberg et al., 2004; Holmberg, Thelin, & Thelin, 2005; Hootman, 
Macera, Helmick, & Blair, 2003; Manninen, Heliövaara, Riihimäki, & 
Suomalainen, 2002; Manninen et al., 1996; McAlindon, Zhang, et al., 1996; 
Reijman et al., 2007; Sandmark, Hogstedt, Lewold, & Vingard, 1999). It is likely 
that obesity increases the risk of knee OA mostly through excessive joint loading. 
It is, however, likely that obesity also has metabolic effects on joints. This is 
supported by the increased risk of hand OA in obese participants, the relationship 
being weaker than in knee OA, however, which supports the greater role of 
mechanical loading (Felson & Zhang, 2011). The mechanism of the potential 
metabolic effects of adiposity in the risk of knee OA is unclear. The relationship 
between obesity and the risk of knee OA seems to be stronger among women than 
among men (Felson & Zhang, 2011). The reason for this is unclear, but it could be 
due to women being more susceptible to overloading, and the postmenopausal drop 
in estrogen levels (Felson & Zhang, 2011; Lu et al., 2019). 

Weight loss has shown to have a modest lowering effect on the risk of 
symptomatic knee OA (Felson, 1992). Patients undergoing bariatric surgery 
achieve greater weight loss, and remarkable improvements in knee OA symptoms 
have been reported among these patients (Felson, 1992; McGoey, Deitel, Saplys, 
& Kliman, 1990). In a recent study conducted on mice, severe adiposity was 
associated with an increase in load-induced cartilage damage, but milder adiposity 
was not (Guss et al., 2019). The reason for this was at least partly believed to be 
related to increased systemic inflammation in high-fat diet mice (Guss et al., 2019). 
The study also demonstrated that changes in gut microbiota were associated with 
the severity of load-induced cartilage pathology and subchondral bone morphology 
(Guss et al., 2019). In another study conducted on mice, high-fat diet altered the 
gut microbiota composition and induced inflammation at both systemic and 
intestinal levels, and accelerated obesity through changes in intestinal permeability 
(Kim, Gu, Lee, Joh, & Kim, 2012). 
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2.4.5 Local biomechanical predisposing factors and previous 
injuries 

A healthy knee joint is able to endure physiological loads without permanent 
damage. The stress level of a certain cartilage area can, however, transcend 
physiological levels when stress loads are not distributed physiologically (Felson 
& Zhang, 2011). Varus malalignment can lead to excess loads on the medial and 
valgus malalignment in the lateral compartment of the knee (Felson & Zhang, 
2011). Knee varus or valgus malalignment is a powerful predictor of knee OA 
progression. Its effect on knee OA incidence is, however, less clear (Brouwer et al., 
2007; Felson et al., 2013; Hunter et al., 2007; Runhaar et al., 2014). The presence 
of moderate to severe malalignment is rare in non-osteoarthritic knees (Niu et al., 
2009). The ideal way to assess malalignment is during gait. The ideal static 
measurement of malalignment is with full limb films, due to the limb functioning 
as a unit (Felson & Zhang, 2011). 

Injuries can also be seen as a starting point for altered joint load distribution. 
Fractures affecting joint surfaces, meniscal tears, and anterior cruciate ligament 
tears may cause focal stress points and are associated with an increased risk of knee 
OA (Chaudhari, Briant, Bevill, Koo, & Andriacchi, 2008; Englund et al., 2009; 
Øiestad, Engebretsen, Storheim, & Risberg, 2009). A review and meta-analysis 
(Blagojevic et al., 2010) of the risk factors of knee OA concluded that previous 
knee injury was a critical risk factor of knee OA. This meta-analysis included 16 
studies. Meniscectomy predisposes to knee OA (Englund & Lohmander, 2004; 
Englund, Roos, & Lohmander, 2003; Roos et al., 1998) but non-surgically treated 
meniscal tears also increase the risk of developing knee OA (Englund et al., 2009). 

2.4.6 Smoking 

Smoking seems to predict a reduced risk of knee OA. The mechanism of this 
association is yet to be discovered. Some previous studies have also observed a 
protective effect of smoking on incident knee OA, and this has been supported by 
two meta-analyses (Blagojevic et al., 2010; Felson et al., 1997; Kong, Wang, Meng, 
Cao, & Shen, 2017; Niu, Clancy, Aliabadi, Vasan, & Felson, 2017). This possible 
inverse association between smoking and knee OA might be explained by various 
confounding factors such as BMI, or simply the fact that smoking is more common 
and knee OA less common among men than among women in the general 
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population, despite adjustments made for these factors in the analyses (Kong et al., 
2017). 

2.4.7 Excessive repetitive joint loading 

Many studies conducted in different populations have shown excessive repetitive 
joint loading to be a risk factor for knee OA (Bierma-Zeinstra & Koes, 2007; 
Buckwalter & Lane, 1997; Coggon et al., 2000; Deacon, Bennell, Kiss, Crossley, 
& Brukner, 1997; Kettunen, Kujala, Kaprio, Koskenvuo, & Sarna, 2001; Kujala et 
al., 1995; Lane, Oehlert, Bloch, & Fries, 1998; Manninen et al., 2002; Roos, 
Lindberg, Gärdsell, Lohmander, & Wingstrand, 1994; Sandmark & Vingård, 1999; 
Sharanjeet-Kaur, Kulikowski, & Walsh, 1997; Spector, Harris, et al., 1996). It is 
considered to develop through excess loading superimposed on impaired joint 
physiology, and generally not on a physiologically normal and uninjured joint as in 
normal levels of physical activity (Lane et al., 1998). Competitive athletes in some 
sports with high loading (soccer players, marathon runners and weight lifters for 
example), however, are at a greater risk of knee OA, probably caused by loading 
beyond physiological adaptation (Buckwalter & Lane, 1997; Deacon et al., 1997; 
Kettunen et al., 2001; Kujala et al., 1995; Lane et al., 1998; Roos et al., 1994; 
Sandmark & Vingård, 1999; Sharanjeet-Kaur et al., 1997; Spector, Harris, et al., 
1996). The role of traumatic events in this association is, however, controversial. 
High BMI combined with physical exercise does not seem to increase the risk of 
knee OA in comparison to high BMI alone (Felson, Niu, Clancy, Sack, et al., 2007; 
Mork, Holtermann, & Nilsen, 2012).  

Certain occupational loading factors are generally accepted as risk factors for 
knee OA. These factors include excessive kneeling, squatting, climbing steps, 
lifting, and standing for more than two hours per day (Bierma-Zeinstra & Koes, 
2007; Coggon et al., 2000; Felson et al., 1997; Manninen et al., 2002; Sandmark, 
Hogstedt, & Vingård, 2000; Yoshimura et al., 2004). Sitting for more than two 
hours per day, in turn, seemed to protect against knee OA (Coggon et al., 2000; 
Sandmark et al., 2000; Yoshimura et al., 2004). 

Knee extensor muscle weakness was associated with a greater risk of 
developing knee OA in one meta-analysis (Øiestad, Juhl, Eitzen, & Thorlund, 2015). 
The reason for this association is not fully understood, but it might be that extensor 
muscles’ weakness decreases their shock absorbing and stabilizing ability, leading 
to excessive mechanical stress of the articular surfaces (Øiestad et al., 2015).  
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2.4.8 Low levels of serum vitamin D 

Vitamin D3 – 25-hydroxyvitamin D (25[OH]D), despite its name, is a precursor for 
bioactive steroidal hormone 1,25-dihydroxyvitamin D, a compound involved in a 
complex endocrine system associated with skeletal integrity, cell growth and 
differentiation, and mineral homeostasis (Sutton & MacDonald, 2003). 1,25-
dihydroxyvitamin D is generated from vitamin D3 after sequential hydroxylation. 
Vitamin D3 is mostly derived from pre-vitamin D produced in the skin when 
exposed to ultra violet light and later converted to 25(OH)D by the liver (Lockau 
& Atkinson, 2018). A smaller amount of vitamin D is obtained from diet. 

The official recommendations for serum 25(OH)D level in Finland are as 
follows: < 50 nmol/L: deficiency and ≥ 50 nmol/L: sufficient level (Fogelholm et 
al., 2014). Some studies have also used the following reference values for serum 
25(OH)D: < 50 nmol/L: deficiency; 50–74.9 nmol/L: generally sufficient level; 75–
125 nmol/L: may be optimal for bone health, and > 125 nmol/L: excessive with 
possible health risks.  

Vitamin D plays a role in calcium metabolism, and might thereby have an 
indirect effect on the development of knee OA through subchondral bone (Sutton 
& MacDonald, 2003). Vitamin D metabolism is central in bone homeostasis during 
growth and bone maintenance. This effect on bone maintenance, and in a vitamin 
D deficiency state, potential osteopenia/osteoporosis, could lead to a higher risk of 
subchondral insufficiency fractures and cause changes in load distribution of the 
articular surface and ultimately secondary OA (Sayyid et al., 2019). It was widely 
believed until recently that OA and osteoporosis were inversely related, but recent 
studies have suggested that this is not the case. However, the relationship between 
these two conditions remains unclear and is probably different in different OA 
locations (Haara et al., 2006; Oliveira, Vullings, & van de Loo, 2020; Rizou, 
Chronopoulos, Ballas, & Lyritis, 2018; Zambon et al., 2016). The indirect 
relationship between serum 25(OH)D levels and osteoporotic hip fractures has been 
well demonstrated previously (Cummings et al., 1995); also in the Mini-Finland 
Health survey (in postmenopausal women) and the Health 2000 survey (among 
both men and women aged 50 or over) (Kauppi, Heliövaara, Impivaara, Knekt, & 
Jula, 2011; Kauppi, Impivaara, Mäki, Heliövaara, & Jula, 2013). 
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Table 1. Risk estimates with their 95% CIs for incident or progressive knee OA/JSN 
according to serum 25(OH)D, and some essential methodological points in previous 
longitudinal studies. 

First author, year Partici-

pants 

(men/ 

women) 

Cases Follow-up Endpoint Adjustment 

for age, 

gender and 

BMI 

Analyses Estimate 

(95% CI) 

McAlindon et al., 

1996 

556 

(206/350) 

75 7–10 

years 

Incident 

RKOA 

+ 25(OH)D tertile 

3 (> 90 nmol/L) 

vs. 1 (< 60 

nmol/L) 

OR 0.92 

(0.45-1.87) 

McAlindon et al., 

1996 

556 

(206/350) 

62 7–10 

years 

Progressive 

RKOA 

+ 25(OH)D tertile 

3 (> 90 nmol/L) 

vs. 1 (< 60 

nmol/L) 

OR 2.89 

(1.01-8.25) 

Felson, Niu, 

Clancy, Aliabadi 

et al., 2007 

715 

(335/380) 

203 9.5 years Incident 

knee JSN 

+ 25(OH)D tertile 

3 (> 57.5 

nmol/L) vs. 1 (< 

42.5 nmol/L) 

OR 0.87 

(0.51-1.47) 

Felson, Niu, 

Clancy, Aliabadi 

et al., 2007 

277 

(162/115) 

91 2.5 

years? 

Incident 

knee JSN 

+ 25(OH)D tertile 

3 (> 57.5 

nmol/L) vs. 1 (< 

42.5 nmol/L) 

OR 0.56 

(0.28-1.12) 

Bergink et al., 

2016 

1015 

(n.a.) 

134 8.4 

years, 

mean 

Incident 

RKOA 

+ Per increment 

of 1 SD of 

25(OH)D 

OR 0.95 

(0.76-1.19) 

Bergink et al., 

2016 

1015 

(n.a.) 

134 8.4 

years, 

mean 

Incident 

RKOA 

+ 25(OH)D tertile 

3 (> 75 nmol/L) 

vs. 1 (< 50 

nmol/L) 

OR 1.24 

(0.73-2.11) 

Bergink et al., 

2016 

216 (n.a.) 73 8.4 

years, 

mean 

Progressive 

RKOA 

+ Per increment 

of 1 SD of 

25(OH)D 

OR 0.76 

(0.53-1.08) 

Bergink et al., 

2016 

216 (n.a.) 73 8.4 

years, 

mean 

Progressive 

RKOA 

+ 25(OH)D tertile 

3 (> 75 nmol/L) 

vs. 1 (< 50 

nmol/L) 

OR 2.11 

(0.87-5.08) 

Zhang et al. 

(2014) 

418 

(176/242) 

59  Progressive 

JSN 

+ 25(OH)D < 37.5 

nmol/L vs. ≥ 

37.5 nmol/L 

OR 2.2 (1.0-

4.6) 

Abbreviations: CI, confidence interval; OA, osteoarthritis; JSN, joint space narrowing; 25(OH)D, 25-

hydroxyvitamin D; BMI, body mass index; RKOA, radiographic knee osteoarthritis. 
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Vitamin D levels may also have a direct effect on cartilage metabolism. This is 

plausible, although vitamin D receptor expression has been discovered in many 
tissues other than bone, including cartilage tissue as well as kidney, pancreas, 
placenta, lung, colon, skin, prostate and breast tissues, and in immune cells (Lockau 
& Atkinson, 2018). A meta-analysis on the associations of 25(OH)D and OA found 
evidence of low vitamin D levels predicting a higher risk of knee OA conflicting, 
and that most evidence exists of an association between vitamin D levels and knee 
OA progression rather than incidence (Bergink et al., 2016). The risk estimates and 
essential methodology of previous longitudinal studies on the association between 
vitamin D levels and knee OA are listed in Table 1. In addition to these studies, one 
study with 353 participants and a follow-up time of 2.9 years found a correlation 
between baseline serum 25(OH)D and change in medial and lateral cartilage 
volume assessed by MRI, although not in all subgroups (Ding et al., 2009).  

A recent meta-analysis of randomized controlled trials (Gao, Chen, & Deng, 
2017) found that vitamin D supplementation seems to have a beneficial effect on 
pain in patients with knee OA, but only with supplement doses of over 2000 
international units (50 µg) and not with smaller doses. Vitamin D supplementation 
showed no reduced risk of knee OA progression with regard to changes in tibial 
cartilage volumes (Gao et al., 2017). Another recent meta-analysis (Hussain, Singh, 
Akhtar, & Najmi, 2017) with a similar setting found no evidence of vitamin D 
supplementation being beneficial for knee OA symptoms or radiographic 
progression.  

2.4.9 Metabolic syndrome and its individual components 

Metabolic syndrome 

Metabolic syndrome is by definition a cluster of conditions associated with an 
increased risk of cardiovascular disease, coronary heart disease, type 2 diabetes 
mellitus, and all-cause mortality (Alberti et al., 2009; Cornier et al., 2008). 
Metabolic syndrome also has associations with endothelial dysfunction, 
prothrombotic state, proinflammatory state, nonalcoholic fatty liver disease and 
reproductive disorders (Alberti et al., 2009; Cornier et al., 2008).  
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Table 2. Risk estimates with their 95% CIs for incident knee OA according to baseline 
metabolic syndrome, and some essential methodological points in previous 
longitudinal studies. 

First author, 

year 

Partici-

pants 

Cases Follow-up Endpoint Adjustments Analyses Estimate (95% CI) 

Engström et 

al., 2009 

5171 89 12.4 years, 

mean 

TKR or high 

tibial 

osteotomy 

due to OA 

Age, sex, 

smoking, 

CRP, physical 

activity, and 

BMI 

MetS 

(yes vs. 

no) 

RR 1.1 (0.7-1.8) 

Yoshimura 

et al., 2012 

728 71 3 years Incident 

RKOA 

Age, gender, 

region, 

smoking, 

alcohol 

consumption, 

daily cycling, 

regular 

exercise, and 

knee injuries 

MetS 

(yes vs. 

no) 

OR 8.38 (3.12-22.5) 

Hussain et 

al., 2014 

20430 660 5–9 years TKR Age, gender, 

country of 

birth, 

education, 

physical 

activity, and 

BMI 

MetS 

(yes vs. 

no) 

HR 1.24 (1.02-1.52) 

Hussain et 

al., 2014 

20430 660 5–9 years TKR Age, gender, 

country of 

birth, 

education, 

physical 

activity and 

BMI 

Number 

of MetS 

compone

nts 

HR 0.56 (0.28-1.12) 

Niu et al., 

2017 

Number 

of knees, 

men: 

800, 

women: 

1003 

78 

men, 

105 

women 

8.4 years, 

mean 

Incident 

RKOA 

Age, 

education, 

smoking, 

alcohol 

consumption, 

physical 

activity, and 

BMI 

Mets, 

modified 

ATP III 

criteria 

(yes vs. 

no) 

Men: RR 1.2 (0.7-

2.0); women: RR 

0.8 (0.5-1.4) 
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First author, 

year 

Partici-

pants 

Cases Follow-up Endpoint Adjustments Analyses Estimate (95% CI) 

Hellevik et 

al., 2018 

62661 1111 8 years TKR due to 

OA 

Gender, BMI, 

smoking, 

physical 

activity and 

education 

Mets (yes 

vs. no), in 

age 

groups 

< 50 years: HR 0.89 

(0.63-1.26); 50-69.9 

years: HR 1.16 

(0.96-1.41); ≥ 70 

years: HR 1.27 

(0.85-1.90) 

Abbreviations: OA, osteoarthritis; CI, confidence interval; TKR, total knee replacement; CRP, C-reactive 

protein; BMI, body mass index; MetS, metabolic syndrome; RR, relative risk; RKOA, radiographic knee 

OA; OR, odds ratio; HR, hazard ratio. 

 
Several studies have addressed the effect of metabolic syndrome and its 

individual components on the risk of knee OA, the results of which are 
contradictory. While studying the relationship between metabolic syndrome and 
knee OA, it is appropriate that the results are adjusted for BMI, a known risk factor 
for both knee OA and all the individual components of metabolic syndrome; 
elevated blood pressure, elevated fasting glucose, elevated triglycerides, reduced 
high-density lipoprotein (HDL) levels and central obesity. In several studies, 
having metabolic syndrome was associated with an increased likelihood of knee 
OA, but this connection attenuated after adjustment for BMI (Engström, 
Gerhardsson de Verdier, Rollof, Nilsson, & Lohmander, 2009; Niu et al., 2017; 
Sanchez-Santos et al., 2018; Shin, 2014; Visser et al., 2015). In a study by Hussain 
et al. (Hussain et al., 2014), having metabolic syndrome increased the risk of total 
knee replacement due to OA when adjusted for BMI. On the whole, based on the 
current literature, the evidence of metabolic syndrome being an independent risk 
factor for knee OA is not convincing. Previous longitudinal studies on the 
association between baseline metabolic syndrome and incident knee OA/total knee 
replacement due to OA are presented in Table 2. 

Central obesity 

Central obesity is strongly associated with BMI (Jiang et al., 2012; Sowers & 
Karvonen-Gutierrez, 2010). In several previous studies, the observed association 
of central obesity and increased risk of knee OA or total knee replacement due to 
OA attenuated after adjustment for BMI (Abbate et al., 2006; Davis, Neuhaus, 
Ettinger, & Mueller, 1990; Han, Yang, Lee, Park, & Park, 2013; Hochberg et al., 
1995; Niu et al., 2009; Sanchez-Santos et al., 2018; Shin, 2014; Visser et al., 2015). 
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In two longitudinal studies (Engström et al., 2009; Hussain et al., 2014), increased 
waist circumference predicted the risk of knee OA also after adjustment for BMI. 
In a recent study by Hellevik et al. (Hellevik et al., 2018), increased waist 
circumference was associated with a higher risk of total knee replacement due to 
OA, but only among participants aged under 70. Previous longitudinal studies of 
the association between baseline central obesity and incident knee OA/total knee 
replacement due to OA are presented in Table 3. 

Table 3. Risk estimates for incident knee OA according to baseline central obesity, and 
some essential methodological points in previous longitudinal studies. 

First author, 

year 

Participants Cases Follow-up Endpoint Adjustments Analyses Estimate 

(95% CI) 

Engström et al., 

2009 

5171 89 12.4 

years, 

mean 

TKR or high 

tibial 

osteotomy 

due to OA 

Age, sex, 

smoking, CRP, 

physical activity, 

and BMI 

Waist 

circum-

ference ≥ 

102/88 

cm (yes 

vs. no) 

RR 2.16 (1.2-

4.0) 

Hussain et al., 

2014 

20430 660 5–9 years TKR Age, gender, 

country of birth, 

education, 

physical activity, 

and BMI 

Central 

obesity 

(yes vs. 

no) 

HR 1.59 

(1.25-2.01) 

Niu et al., 2017 Number of 

knees, 

men: 800, 

women: 

1003 

78 

men, 

105 

women

8.4 years, 

mean 

Incident 

RKOA 

Age, education, 

smoking, 

alcohol 

consumption, 

physical activity, 

and BMI 

Abdomi-

nal 

obesity 

(yes vs. 

no) 

Men: RR 1.7 

(0.9-3.1); 

women: RR 

1.0 (0.6-1.9) 

Hellevik et al., 

2018 

62661 1111 8 years TKR due to 

OA 

Gender, BMI, 

smoking, 

physical activity 

and education 

Increased 

waist 

circum-

ference 

(yes vs. 

no), in 

age 

groups 

< 50 years: 

HR 1.62 

(1.10-2.39); 

50-69.9 

years: HR 

1.43 (1.14-

1.80); ≥ 70 

years: HR 

1.55 (0.95-

2.53) 

Abbreviations: OA, osteoarthritis; TKR, total knee replacement; CRP, C-reactive protein; BMI, body mass 

index; RR, relative risk; RKOA, radiographic knee OA; OR, odds ratio; HR, hazard ratio. 
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Hypertension 

Despite cartilage being avascular, vascular pathology might play a role in OA by 
altering the microvasculature of the subchondral bone or other joint tissues. Even 
in early knee OA, subchondral bone marrow lesions have been detected, potentially 
even suggesting that the original affected site of OA is the subchondral bone rather 
than articular cartilage (Lajeunesse, Massicotte, Pelletier, & Martel-Pelletier, 2003; 
Torres et al., 2006). It has been hypothesized that the potential effect of 
hypertension, low serum HDL concentrations and hypertriglyceridemia on knee 
OA pathogenesis originates from vascular pathology (Chang et al., 2018; Findlay, 
2007; Lajeunesse et al., 2003). 

The association of hypertension and the risk of knee OA is, in the light of 
current knowledge and previous studies, still unclear. Some studies have observed 
hypertension to be associated with an increased risk of knee OA (Hussain et al., 
2014; Lo et al., 2017; Niu et al., 2017; Shin, 2014; Xie et al., 2017; Yoshimura et 
al., 2011, 2012). This association persisted in some of these studies even after 
adjustment for BMI (Hussain et al., 2014; Lo et al., 2017; Niu et al., 2017; 
Yoshimura et al., 2012). In a study by Sanchez-Santos et al. (Sanchez-Santos et al., 
2018), hypertension was not associated with the risk of knee OA when adjusted for 
age and BMI, or for age only. In a study by Engström et al. (Engström et al., 2009), 
hypertension was not related to an increased risk of total knee replacement due to 
OA when adjusted for BMI and other factors. In one cross-sectional study (Hart, 
Doyle, & Spector, 1995), hypertension was related to the risk of bilateral but not 
unilateral radiographic knee OA when adjusted for age and BMI. In a recent study 
(Hellevik et al., 2018), hypertension was significantly associated with a risk of total 
knee replacement only among participants aged under 50. A recent meta-analysis 
(Y. M. Zhang, Wang, & Liu, 2017) in turn noted an association between 
hypertension and knee OA. However, of all the studies included in this meta-
analysis, only one (Yoshimura et al., 2012) observed an association between 
hypertension and increased risk of knee OA, even when adjusted for BMI, 
suggesting that confounding by BMI is possible and that these results may not 
indicate that hypertension is an independent risk factor for knee OA.  

Previous longitudinal studies on the association between baseline hypertension 
and incident knee OA/total knee replacement due to OA are presented in Table 4. 
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Table 4. Risk estimates for incident knee OA according to baseline hypertension, and 
some essential methodological points in previous longitudinal studies. 

First author, 

year 

Participants  Cases Follow-up Endpoint Adjustments Analyses Estimate (95% 

CI) 

Engström et 

al., 2009 

5171 89 12.4 

years, 

mean 

TKR or high 

tibial 

osteotomy 

due to OA 

Age, sex, 

smoking, CRP, 

physical activity, 

and BMI 

Hyper-

tension 

(yes vs. 

no) 

RR 1.3 (0.6-2.5) 

Yoshimura 

et al., 2012 

728 71 3 years Incident 

RKOA 

Age, gender, 

region, smo-

king, alcohol 

consumption, 

cycling every 

day, regular 

exercise, knee 

injuries, and 

other compo-

nents of MetS. 

Hyper-

tension 

(yes vs. 

no) 

OR 2.74 (1.30-

5.78) 

Hussain et 

al., 2014 

20430 660 5–9 years TKR Age, gender, 

country of birth, 

education, 

physical activity, 

and BMI 

Hyper-

tension 

(yes vs. 

no) 

HR 1.24 (1.05-

1.48) 

Lo et al., 

2017 

1930 

partici-

pants, 6040 

observa-

tions 

193 RKOA 12 months Age, sex, BMI, 

physical activity, 

NSAID use, and 

number of anti-

hypertension, 

diabetes and 

cholesterol 

medications 

Systolic 

blood 

pressure, 

in 

quartiles 

Quartile 1 (76-111 

mmHg): OR 1 

(ref.); quartile 2 

(112-121 mmHg): 

OR 1.6 (1.0-2.5); 

quartile 3 (122-

130 mmHg) OR 

1.7 (1.1-2.6); 

quartile 4 (131-

208 mmHg) OR 

1.7 (1.0-2.6) 

Niu et al., 

2017 

Number of 

knees, 

men: 800, 

women: 

1003 

78 

men, 

105 

women

8.4 years, 

mean 

Incident 

RKOA 

Age, education, 

smoking, 

alcohol 

consumption, 

physical activity, 

and BMI 

Hyper-

tension 

(yes vs. 

no) 

Men: RR 1.3 (0.8-

2.1); women: RR 

1.3 (0.8-2.0) 
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First author, 

year 

Participants  Cases Follow-up Endpoint Adjustments Analyses Estimate (95% 

CI) 

Hellevik et 

al., 2018 

62661 1111 8 years TKR due to 

OA 

Gender, BMI, 

smoking, 

physical activity 

and education 

Hyper-

tension 

(yes vs. 

no), in 

age 

groups 

< 50 years: HR 

1.38 (1.05-1.81); 

50-69.9 years: 

HR 1.17 (0.93-

1.47); ≥ 70 years: 

HR 0.68 (0.37-

1.25) 

Abbreviations: OA, osteoarthritis; CI, confidence interval; TKR, total knee replacement; CRP, C-reactive 

protein; BMI, body mass index; RR, relative risk; RKOA, radiographic knee OA; MetS, metabolic 

syndrome; OR, odds ratio; HR, hazard ratio; NSAID, non-steroidal anti-inflammatory drug. 

High serum triglycerides 

Serum hypertriglyceridemia was not associated with an increased risk of knee 
OA/total knee replacement in most previous studies (Engström et al., 2009; Han et 
al., 2013; Hart et al., 1995; Hellevik et al., 2018; Niu et al., 2017; Sanchez-Santos 
et al., 2018; Shin, 2014). One longitudinal study (Hussain et al., 2014) found a 
significant association between serum hypertriglyceridemia and the incidence of 
total knee replacement due to knee OA when adjusted for age and gender but not 
for BMI. This association was attenuated after adjustment for BMI. The risk 
estimates for incident knee OA according to baseline triglyceride levels from the 
previous longitudinal studies are presented in Table 5. 

Low serum HDL levels 

Low serum HDL levels have not predicted a higher risk of knee OA in most 
reported studies (Engström et al., 2009; Han et al., 2013; Hart et al., 1995; Hellevik 
et al., 2018; Hussain et al., 2014; Sanchez-Santos et al., 2018; Shin, 2014; 
Yoshimura et al., 2012). However, in one study (Niu et al., 2017), derived from the 
Framingham Osteoarthritis study, low HDL level was related to both increased 
incidence of radiographic and symptomatic knee OA among men, but not among 
women. The previous longitudinal studies on the association between knee OA and 
baseline HDL level are summarized in Table 6. 
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Elevated fasting glucose levels 

The results of previous studies on impaired fasting glycemia and the risk of knee 
OA are conflicting. Elevated plasma fasting glucose levels were associated with an 
increased risk of knee OA in some studies (Engström et al., 2009; Hart et al., 1995; 
Hussain et al., 2014). Of these studies, in that by Hart et al. (Hart et al., 1995) the 
association persisted after adjustment for BMI. Most studies did not discover any 
association between impaired fasting glycemia and knee OA (Han et al., 2013; 
Hellevik et al., 2018; Niu et al., 2017; Sanchez-Santos et al., 2018; Shin, 2014; Xie 
et al., 2017). A systematic review by Dawson et al. (L. P. Dawson et al., 2018) 
found minor evidence that impaired glucose metabolism was an independent risk 
factor for knee OA. Previous longitudinal studies on the association between 
fasting glucose levels and knee OA are summarized in Table 7. 

2.4.10 Systemic low-grade inflammatory state 

It has been suggested that chronic low-grade inflammation plays a role in OA 
pathogenesis. One cross-sectional study (Bonnet & Walsh, 2005) found higher 
serum CRP levels among OA patients than among participants without OA. A 
longitudinal study observed an association between higher serum CRP levels and 
knee and hip OA incidence and progression (Hosnijeh et al., 2016). A cross-
sectional study and a systematic review by Kerkhof et al. (Kerkhof et al., 2010) 
found no evidence of any association between serum CRP and prevalent, incident, 
or progressive knee OA. A study by Sowers et al. (Sowers & Karvonen-Gutierrez, 
2010) found CRP to be associated with knee OA progression, but also pointed out 
that the high correlation between CRP and BMI limits the utility of CRP as a marker 
for knee OA. A study by Vlad et al. (Vlad, Neogi, Aliabadi, Fontes, & Felson, 2011) 
reported no significant association between elevated CRP levels and OA. A 
systematic review of biomarkers for OA concluded that the evidence of the 
prognostic value of CRP was still inconclusive (Hosnijeh, Runhaar, van Meurs, & 
Bierma-Zeinstra, 2015). A recent study of mice examined the effect of several 
systemic markers of inflammation, though not CRP/hs-CRP, and found them to be 
associated with an increase in load-induced cartilage damage after six weeks of 
loading (Guss et al., 2019). 
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2.4.11 Low dietary Mg intake 

Mg is an important micronutrient. It is associated with the immune response (Tam, 
Gómez, González-Gross, & Marcos, 2003). Immune cell activation has been shown 
in Mg deficiency (Mak et al., 1997). Animal studies have reported elevated levels 
of pro-inflammatory cytokines, such as interleukin-6 and tumor necrosis factor 
alpha, in Mg deficient animals (Malpuech-Brugère et al., 2000; Weglicki, Dickens, 
Wagner, Chmielinska, & Phillips, 1996). Pro-inflammatory cytokines have been 
suggested to be related to pain. Plasma substance P is a known cytokine production 
stimulator, and has also been detected in Mg deficiency (Weglicki & Phillips, 1992). 
Hence, evidence seems to exist of a relation between Mg deficiency and the 
inflammatory response, but the underlying process of the activation of 
inflammatory mechanisms is still unclear. 

The suggested dietary Mg intake is 350 mg/day for men and 280 mg/day for 
women (Fogelholm et al., 2014). Finns get most of their dietary Mg intake from 
cereals, vegetables, dairy products and coffee (Montonen et al., 2008). 

Two previous studies have demonstrated low levels of dietary Mg intake to be 
associated with increased serum CRP/hs-CRP levels (King, Mainous, Geesey, & 
Woolson, 2005; Song et al., 2005). A meta-analysis and systematic review by 
Dibaba et al. (Dibaba, Xun, & He, 2014) found an inverse association between 
dietary Mg intake and serum CRP levels. Among participants with early 
radiographic knee OA, both dietary intake and serum levels of Mg were inversely 
associated with serum hs-CRP levels (H. Li et al., 2017). In one study of 
participants with radiographic knee OA, low Mg intake was associated with worse 
pain and function outcomes (Shmagel et al., 2018). 

Two cross-sectional studies on the association between dietary Mg intake and 
knee OA have been previously conducted, and neither found statistically significant 
associations between dietary Mg intake and radiographic knee OA (Qin et al., 2012; 
Zeng et al., 2015). One of these studies (Zeng et al., 2015) used a semi-quantitative 
food frequency questionnaire (FFQ), and the other (Qin et al., 2012) a validated 
FFQ. Both studies used radiographic knee OA as an endpoint. Some of the 
estimates and methodological points of these studies are summarized in Table 9. 
No previous prospective study has been conducted on the association between 
dietary Mg intake and the risk of knee OA. 
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Table 5. Risk estimates for incident knee OA according to baseline high serum 
triglycerides, and some essential methodological points in previous longitudinal 
studies.  

First author, 

year 

Participants Cases Follow-up Endpoint Adjustments Analyses Estimate (95% 

CI) 

Engström et 

al., 2009 

5171 89 12.4 

years, 

mean 

TKR or high 

tibial 

osteotomy 

due to OA 

Age, sex, 

smoking, 

CRP, physical 

activity, and 

BMI 

Serum 

hyper-

triglyceri-

demia 

(yes vs. 

no) 

RR 0.9 (0.5-1.5) 

Hussain et 

al., 2014 

20430 660 5–9 years TKR Age, gender, 

country of 

birth, 

education, 

physical 

activity, and 

BMI 

Triglyce-

ridemia 

(yes vs. 

no) 

HR 0.99 (0.83-

1.18) 

Niu et al., 

2017 

Number of 

knees, 

men: 800, 

women: 

1003 

78 

men, 

105 

women

8.4 years, 

mean 

Incident 

RKOA 

Age, 

education, 

smoking, 

alcohol 

consumption, 

physical 

activity, and 

BMI 

High 

triglyce-

rides (yes 

vs. no) 

Men: RR 1.2 (0.7-

1.9); women: RR 

0.7 (0.5-1.2) 

Hellevik et 

al., 2018 

62661 1111 8 years TKR due to 

OA 

Gender, BMI, 

smoking, 

physical 

activity and 

education 

High 

triglyceri-

des (yes 

vs. no), in 

age 

groups 

<50 years: HR 

0.97 (0.73-1.28); 

50-69.9 years: 

HR 1.05 (0.89-

1.25); ≥70 years: 

HR 1.27 (0.87-

1.85) 

Abbreviations: OA, osteoarthritis; CI, confidence interval; TKR, total knee replacement; CRP, C-reactive 

protein; BMI, body mass index; RR, relative risk; HR, hazard ratio; RKOA, radiographic knee OA. 
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Table 6. Risk estimates for incident knee OA according to baseline low serum HDL, and 
some essential methodological points in previous longitudinal studies. 

First author, 

year 

Partici-

pants 

Cases Follow-up Endpoint Adjustments Analyses Estimate (95% CI) 

Engström et 

al., 2009 

5171 89 12.4 

years, 

mean 

TKR or 

high tibial 

osteotom

y due to 

OA 

Age, sex, 

smoking, CRP, 

physical activity, 

and BMI 

Low HDL 

(yes vs. 

no) 

RR 0.7 (0.4-1.1) 

Yoshimura 

et al., 2012 

728 71 3 years Incident 

RKOA 

Age, gender, 

region, smoking, 

alcohol 

consumption, 

cycling every day, 

regular exercise, 

knee injuries, and 

other components 

of MetS. 

Low HDL 

(yes vs. 

no) 

OR 1.26 (0.85-1.87) 

Hussain et 

al., 2014 

20430 660 5–9 years TKR Age, gender, 

country of birth, 

education, 

physical activity, 

and BMI 

Low HDL 

(yes vs. 

no) 

HR 0.80 (0.63-1.01) 

Niu et al., 

2017 

Number 

of knees, 

men: 

800, 

women: 

1003 

Men: 

78, 

women

: 105 

8.4 years, 

mean 

Incident 

RKOA 

Age, education, 

smoking, alcohol 

consumption, 

physical activity, 

and BMI 

Low HDL 

(yes vs. 

no) 

Men: RR 1.5 (0.9-

2.5); women: RR 

0.7 (0.4-1.2) 

Hellevik et 

al., 2018 

62661 1111 8 years TKR due 

to OA 

Gender, BMI, 

smoking, physical 

activity and 

education 

Low HDL 

(yes vs. 

no), in 

age 

groups 

< 50 years: HR 0.67 

(0.49-0.92); 50-69.9 

years: HR 1.04 

(0.86-1.26); ≥ 70 

years: HR 0.53 

(0.33-0.86) 

Abbreviations: OA, osteoarthritis; HDL, high-density lipoprotein; TKR, total knee replacement; CRP, C-

reactive protein; BMI, body mass index; RR, relative risk; RKOA, radiographic knee OA; MetS, metabolic 

syndrome; OR, odds ratio; HR, hazard ratio. 
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Table 7. Risk estimates for incident knee OA according to baseline fasting plasma 
glucose, and some essential methodological points in previous longitudinal studies. 

First author, 

year 

Partici-

pants 

Cases Follow-up Endpoint Adjustments Analyses Estimate (95% 

CI) 

Engström et 

al., 2009 

5171 89 12.4 

years, 

mean 

TKR or high 

tibial 

osteotomy 

due to OA 

Age, sex, 

smoking, 

CRP, physical 

activity, and 

BMI 

Elevated fp-

Gluc (yes 

vs. no) 

RR 1.4 (0.9-2.4) 

Yoshimura 

et al., 2012 

728 71 3 years Incident 

RKOA 

Age, gender, 

region, smo-

king, alcohol 

consumption, 

daily cycling, 

regular exer-

cise, knee 

injuries, and 

other compo-

nents of 

MetS. 

HbA1c 

≥5,5% (yes 

vs. no) 

OR 1.18 (0.84-

1.64) 

Hussain et 

al., 2014 

20430 660 5–9 years TKR Age, gender, 

country of 

birth, educa-

tion, physical 

activity, and 

BMI 

Impaired 

fasting 

glycemia 

(yes vs. no) 

HR 1.07 (0.88-

1.30) 

Niu et al., 

2017 

Number 

of knees, 

men: 

800, 

women: 

1003 

78 

men, 

105 

women 

8.4 years, 

mean 

Incident 

RKOA 

Age, educa-

tion, smoking, 

alcohol 

consumption, 

physical acti-

vity, and BMI 

fp-Gluc ≥ 

100 mg/dL 

(yes vs. no) 

Men: RR 0.7 (0.4-

1.2); women: RR 

0.9 (0.5-1.5) 

Hellevik et 

al., 2018 

62661 1111 8 years TKR due to 

OA 

Gender, BMI, 

smoking, 

physical 

activity and 

education 

Impaired 

glucose 

tolerance/di

abetes (yes 

vs. no) in 

age groups 

< 50 years: HR 

0.85 (0.27-2.66); 

50-69.9 years: 

HR 0.70 (0.45-

1.11); ≥ 70 years: 

HR 0.78 (0.38-

1.60) 

Abbreviations: OA, osteoarthritis; CI, confidence interval; TKR, total knee replacement; CRP, C-reactive 

protein; BMI, body mass index; fp-Gluc, fasting plasma glucose; RR, relative risk; RKOA, radiographic 

knee OA; MetS, metabolic syndrome; HbA1c, glycated hemoglobin; OR, odds ratio; HR, hazard ratio. 
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Table 8. Risk estimates and their 95% CIs for incident knee OA according to serum 
CRP/hs-CRP, and some essential methodological points in previous longitudinal 
studies. 

First author, 

year 

Partici-

pants 

Cases Follow-up Endpoint Adjustments Analyses Estimate (95% 

CI) 

Engström et 

al., 2009 

5171 89 12.4 

years, 

mean 

TKR or 

high tibial 

osteotom

y due to 

OA 

Age, sex, 

smoking, MetS, 

physical activity, 

and BMI 

CRP 1-3 vs. 

< 1 mg/L; 

≥ 3 vs. < 1 

mg/L 

 

RR 0.9 (0.5–1.5); 

RR 0.7 (0.4–1.2) 

Golightly et 

al., 2011  

542 

knees 

110 

knees 

6.3 years, 

mean 

Incident 

RKOA 

Age, BMI, race, 

gender, and OA in 

contralateral knee 

at baseline 

hs-CRP, 

continuous 

HR 0.99 (0.84-

1.16) 

Vlad et al., 

2011 

1235 179 2–8 years TKR Age, gender, and 

BMI 

CRP, 

continuous 

OR 1.08 (0.92-

1.27) 

Hosnijeh et 

al., 2016 

1043 88 8.4 years, 

mean 

Incident 

RKOA + 

RHOA 

Age, gender, BMI. CRP, 

continuous 

OR 1.8 (1.3-2.4) 

Shadyab et 

al., 2018 

 

4827 

white 

women 

608 16.2 

years, 

median 

TKR due 

to knee 

OA 

Age BMI, lifestyle 

characteristics, 

chronic diseases, 

hormone therapy, 

and NSAID use 

CRP 

quartile 4 

vs. 1 

HR 1.00 (0.79-

1.27) 

Shadyab et 

al., 2018 

4827 

white 

women 

608 16.2 

years, 

median 

TKR due 

to knee 

OA 

Age BMI, lifestyle 

characteristics, 

chronic diseases, 

hormone therapy, 

and NSAID use 

hs-CRP, 

continuous 

HR 0.91 (0.80-

1.04) 

Abbreviations: CI, confidence interval; OA, osteoarthritis; CRP, C-reactive protein; hs-CRP, high 

sensitivity C-reactive protein; TKR, total knee replacement; MetS, metabolic syndrome; BMI, body mass 

index; RR, relative risk; RKOA, radiographic knee OA; HR, hazard ratio; OR, odds ratio; RHOA, 

radiographic hip OA; NSAID, non-steroidal anti-inflammatory drug. 

 
Only a few previous longitudinal studies have investigated the association 

between serum CRP/hs-CRP levels and the risk of knee OA/total knee replacement 
due to OA, and their results are controversial. In their study, Hosnijeh et al. 
(Hosnijeh et al., 2016), observed an association between CRP and radiographic 
knee OA. However, another study, by Golightly et al. (Golightly et al., 2011), found 
no association. In a study by Shadyab et al. (Shadyab et al., 2018) serum hs-CRP, 
was not associated with an increase in knee OA risk, neither when assessed in 
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quartiles nor as a continuous variable. The risk estimates for incident knee OA 
according to serum CRP/hs-CRP, as well as some methodological points of these 
studies, are shown in Table 8. 

Table 9. Estimates of the risk of knee OA according to dietary Mg intake, and some 
essential methodological points in previous cross-sectional studies. 

First author, year Partici-

pants 

Cases Endpoint Adjustments Analyses Estimate (95% 

CI) 

Qin et al., 2012 665 

African 

American 

275 RKOA Age, gender, BMI, 

education, total 

energy intake, 

smoking status, and 

alcohol consumption

Mg intake, 

quintile 5 

vs. 1 

OR 1.34 (0.60-

2.98) 

Qin et al., 2012 1447 

Caucasian

491 RKOA Age, gender, BMI, 

education, total 

energy intake, 

smoking status, and 

alcohol consumption

Mg intake, 

quintile 5 

vs. 1 

OR 0.65 (0.42-

1.02) 

Zeng et al., 2015 1626 

Chinese 

425 RKOA Age, gender, BMI, 

education, activity 

level, total energy 

intake, smoking, 

alcohol 

consumption, fiber 

intake, protein 

intake, zinc intake, 

calcium intake, iron 

intake, nutrients 

supplementation, 

diabetes, and 

hypertension 

Mg intake, 

quintile 5 

vs. 1 

OR 0.34 (0.11-

1.00) 

Abbreviations: OA, osteoarthritis; Mg, magnesium; CI, confidence interval; RKOA, radiographic knee 

osteoarthritis; BMI, body mass index; OR, odds ratio. 

2.5 Summary of literature on knee OA 

The knee is the most usual location for OA – which is the most common joint 
disease. It causes remarkable socioeconomical and human burden (Marks, 2016). 
The importance of knowledge regarding knee OA risk factors and preventive 
methods is also emphasized because curative treatment methods for knee OA are 
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lacking. As described by Felson et al. (Felson et al., 2000), knee OA is a 
multifactorial disease. As a weight-bearing joint, local biomechanical predisposing 
factors such as obesity, knee malalignment, knee laxity, knee dysplasias, injuries 
affecting the knee joint, decreased proprioceptive accuracy, muscle weakness, and 
occupational or high-impact and repetitive leisure-time loading factors are widely 
accepted as predisposing factors for knee OA (Felson et al., 2000; Manninen et al., 
2002; Toivanen et al., 2010).  

The role of systemic risk factors in knee OA is still inconclusive in the light of 
previous studies. The important role of the loading factors, especially obesity, in 
the risk of knee OA makes studying the other impacting factors challenging. There 
is some evidence that genetic factors play a role in knee OA onset and/or 
progression (Felson et al., 2000; Hunter et al., 2003; Reynard & Barter, 2019; 
Spector, Cicuttini, et al., 1996; Zhai et al., 2007). The evidence of the role of 
nutritional factors, such as serum vitamin D status and dietary magnesium intake, 
in the risk of knee OA is controversial (Bierma-Zeinstra & Koes, 2007; Felson et 
al., 2000; Loeser, Goldring, Scanzello, & Goldring, 2012). The effect of low-grade 
systemic inflammation is also still unclear (Bonnet & Walsh, 2005; Elliott et al., 
2005; Hosnijeh et al., 2015, 2016; Kerkhof et al., 2010; Vlad et al., 2011). The role 
of metabolic factors, especially metabolic syndrome, in the risk of knee OA is also 
inconclusive in the light of previous studies (Engström et al., 2009; Han et al., 2013; 
Hellevik et al., 2018; Hussain et al., 2014; Lo et al., 2017; Sanchez-Santos et al., 
2018; Shin, 2014; Yoshimura et al., 2004). 
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3 Objectives of the study 
The objective of the present study was to assess the significance of systemic, 
dietary and metabolic factors on the risk of developing knee OA in a nationally 
representative study population and in a prospective cohort design. More 
specifically, the aims of the research were: 

1. To evaluate the association between serum vitamin D status and the risk of 
incident knee OA (I, II). 

2. To evaluate the association between metabolic syndrome and its components 
and the risk of incident knee OA (III). 

3. To evaluate the association between dietary Mg intake and low-grade systemic 
inflammatory state and the risk of incident knee OA (IV). 
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4 Materials and methods 

4.1 Study population 

Studies I–IV were based on two comprehensive national health examinations: the 
Mini-Finland Health survey (I, III) and the Health 2000 survey (I, II, IV), and were 
all prospective cohort studies. In both the Mini-Finland Health survey (I, III) and 
the Health 2000 survey (II, IV), the nationally representative population sample 
was formed using a two-stage stratified cluster sampling method drawn from the 
population register of the adult population aged 30 or over living in mainland 
Finland (Arokoski et al., 2007; Aromaa, Heliövaara, Impivaara, Knekt, & Maatela, 
1989; Aromaa, Heliövaara, Knekt, & Koskinen, 2019; Heistaro, 2008; Sievers, 
Melkas, Heliövaara, & The Study Group for Musculoskeletal Diseases, 1989). Both 
of these surveys were designed to study the most prominent public health problems 
and their risk factors, as well as functional capacity (Aromaa et al., 2019). 

The Mini-Finland Health survey was conducted between 1978 and 1980. A 
detailed description of the survey has been published previously (Aromaa et al., 
1989; Sievers et al., 1989). In the first stage, 40 representative areas were selected. 
In the second stage, a systematic sample of inhabitants was drawn from each area. 
The sample consisted of 8000 people (3637 men and 4363 women), 7217 (90%) of 
whom participated in the comprehensive health examination. Of these participants, 
those with baseline knee OA (821 participants) and insulin-treated diabetes (63 
participants), and those who had missing data in any of the necessary determinants 
(113 participants) were excluded from Study III. The final study population of 
Study III consisted of 6274 participants (3074 men and 3200 women). 

The Health 2000 survey was conducted between September 2000 and March 
2001. A detailed description of this survey has been published previously (Arokoski 
et al., 2007; Heistaro, 2008). The sample frame of the Health 2000 survey was 
regionally stratified according to the five university hospital regions of Finland. In 
the first stage of sampling in the Health 2000 survey, 80 healthcare districts were 
sampled as a cluster. In the second stage, a random sample of individuals from each 
district, altogether 8028 individuals, was drawn from a nationwide population 
register. Of this sample, 6354 (80%) participated in the comprehensive health 
examination. For the purposes of Studies II and IV, those with baseline knee or hip 
OA (697 participants) were excluded. Those whose serum sample was not available 
for determining of 25(OH)D concentration were also excluded from Study II. 
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Furthermore, of the 6219 health examination participants, those with baseline knee 
OA (532 participants), baseline hip OA (292 participants), missing 25(OH)D 
determination (211 participants) and missing data in any necessary covariate (233 
participants) were excluded from Study II, resulting in a total of 1045 excluded 
participants with at least one present exclusion criteria. In Study IV, 211 
participants were excluded on the basis of missing serum hs-CRP measurement and 
591 participants were excluded because they did not respond to the FFQ. After 
these exclusions, 5274 participants (2454 men and 2820 women) remained in Study 
II, and 4953 participants (2260 men and 2690 women) in Study IV. 

All participants of the Mini-Finland Health survey who were alive and living 
in or around the five major regional cities, totaling 1286 participants, were invited 
for a re-examination in conjunction with the Health 2000 survey. Of the invited 
participants, 909 (71%) participated in the follow-up examination in 2001. In Study 
I, those who had baseline knee OA (34 participants) or hip OA (11 participants), 
those who did not have a serum sample available for 25(OH)D analysis (14 
participants), and those who had withdrawn from the workforce (60 participants) 
were excluded. The final population of Study I consisted of 805 participants (360 
men and 445 women). The study samples, the excluded participants, and the final 
study populations of Studies I–IV are presented in Table 10.  

Table 10. Study populations in Studies I–IV. 

Study Sample Participated 

in baseline 

health 

examination 

Participated 

in follow-up 

Excluded 

for 

baseline 

knee or 

hip OA 

Excluded for 

missing data 

in any 

necessary 

determinants 

Excluded 

for 

insulin-

treated 

diabetes 

Excluded 

for 

withdrawal 

from 

workforce 

Final study 

population 

I 8000 7217 909 34 + 11 14 - 60 805 

II 8028 6354 6354 697 233  - - 5274 

III 8000 7217 7217 821a 113 63 - 6274 

IV 8028 6354 6354 697 590 - - 4953 

Abbreviations: OA; osteoarthritis. 
aBaseline knee OA only. 
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4.2 Baseline health examinations 

4.2.1 Mini-Finland Health survey  

The baseline screening examination of the Mini-Finland Health survey consisted 
of questionnaires and symptom interviews (Aromaa et al., 1989; Sievers et al., 
1989). A clinical examination including medical history and symptom history was 
performed three to six months later at a mobile clinic. Information on socio-
economic background, symptoms, diseases, medications, and lifestyle was 
collected using questionnaires and interviews. The clinical examination included 
an interview on symptoms and medical history, and a physical status examination. 
The route of the mobile clinic was planned to minimize the impact of seasonal 
changes on the results (Aromaa et al., 1989).  

4.2.2 Health 2000 survey 

The Health 2000 survey consisted of a health interview and a health examination 
(Heistaro, 2008). The comprehensive health examination took place a few weeks 
after the interview. The health interview was organized by Statistics Finland and 
the health examination was organized by the National Public Health Institute. The 
health interview included questions on background information, socioeconomic 
factors, previous illnesses and the use of health care services, medication, health 
behavior, and living environment. The health examination included a standardized 
symptom interview, anthropometric measurements, blood pressure measurements, 
laboratory sampling, functional capacity tests, a clinical examination, and a mental 
health interview. The diagnoses made in the health examination were based on 
clinical findings, disease history and symptoms. The participants completed several 
questionnaires at different stages of the survey. The questions and methods used 
were designed to be comparable with the methods used in the Mini-Finland Health 
survey. Quality control datasets were collected as part of the survey protocol. These 
stages are also described in detail elsewhere (Arokoski et al., 2007; Heistaro, 2008). 
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4.2.3 Criteria for knee and hip OA 

Knee OA 

The diagnostic criteria for definite and probable knee OA are provided in detail in 
Table 11. Participants free from knee OA at baseline and with new knee OA 
diagnosis during follow-up were considered incident knee OA cases. It should be 
noted that this study did not attempt to separate tibiofemoral and patellofemoral 
OA, and thus uses the term knee OA for both. For the purposes of Studies II–IV, 
definite and probable diagnosis of knee OA were combined to represent prevalent 
knee OA. In brief, in Studies I–IV, prevalent baseline knee OA was diagnosed if 
some of the following conditions were fulfilled: 1) previous knee arthroplasty, even 
in the absence of convincing evidence of diagnosis of knee OA, 2) typical 
symptoms of knee OA and either of the following (even in the absence of 
abnormality in the physical status): history of previously diagnosed knee OA (even 
in the absence of documentation) or documented diagnosis of knee OA even in the 
absence of convincing evidence of the diagnosis, or 3) limitation in joint’s range of 
motion, motion tenderness and bony deformity suggesting knee OA, but history 
insufficiently indicative to provide conclusive diagnosis. Similar criteria were used 
to establish the diagnosis of knee OA in the follow-up examination in Study I. A 
detailed description of the clinical examination and the criteria used are provided 
elsewhere (Arokoski et al., 2007; Aromaa et al., 1989; Heistaro, 2008; Sievers et 
al., 1989). Knee radiographs were taken from a subsample of participants in the 
Health 2000 survey (II, IV) to validate the clinical diagnosis of knee OA for the 
current study. Agreement between clinical and radiological diagnosis using the 
Kellgren and Lawrence grading scale proved moderate (Toivanen et al., 2007). 

Hip OA 

For the purposes of Studies II and IV, the definite and probable diagnosis of hip OA 
were combined to represent prevalent hip OA, and were used as an exclusion 
criterion. In Study I, these criteria were applied in both baseline and follow-up 
examinations, the follow-up was outside of the scope of this thesis. In brief, in 
Studies II and IV, prevalent hip OA was diagnosed if some of the following 
conditions were fulfilled: 1) previous hip arthroplasty, even in the absence of 
convincing evidence of the diagnosis of hip OA, 2) typical symptoms of hip OA 
and either of the following (even in the absence of abnormality in the physical 
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status): history of previously diagnosed hip OA (even in the absence of 
documentation) or documented diagnosis of hip OA even in the absence of 
convincing evidence of the diagnosis, or 3) limitation in the range of motion of the 
hip joint, motion tenderness and bony deformity suggesting hip OA, but history not 
sufficiently indicative to provide conclusive diagnosis of hip OA. A detailed 
description of the clinical examination has been previously provided elsewhere 
(Arokoski et al., 2007; Aromaa et al., 1989; Heistaro, 2008; Sievers et al., 1989). 
Agreement between the clinical and radiological diagnosis of hip OA was found to 
be satisfactory (κ = 0.44) (Heliövaara et al., 1993). 

Table 11. Diagnostic criteria for knee OA at baseline (I–IV) and at follow-up in Study I. 

Category Diagnostic criteria 

Definite knee OA 1) Documented history of previously diagnosed knee OA or knee arthroplasty 

due to OA based on convincing findings 

 2) At least moderately restricted mobility (flexion contracture > 5º or maximal 

range of flexion < 100º), especially if combined with deformations and 

tenderness associated with movement 

 3) Slightly restricted mobility (maximal range of flexion < 130º) and either 

documented history of previously diagnosed knee OA but grounds for 

diagnosis given or typical symptoms of knee OA (stiffness, pain when moving 

after inactivity and pain under prolonged strain) 

Probable knee OA 1) Documented history of previous knee arthroplasty but not convincing 

evidence of diagnosed knee OA 

 2) Typical symptoms of knee OA and (even in the absence of clinical findings 

in the current examination) either a history of previously diagnosed knee OA 

without documentation or documented previous diagnosis of knee OA but no 

grounds for diagnosis given 

 3) Minor findings (restricted mobility, tenderness associated with movement 

and deformations) in the clinical examination, suggesting knee OA but no 

corresponding history 

Abbreviations: OA; osteoarthritis. 

4.2.4 Baseline explanatory variables 

Self-reported information 

Self-reported information on smoking habits was classified into three groups: 1) 
never smoked, 2) ex-smoker, and 3) current smoker (I–IV). 
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In Studies I and III, the history of physical workload was classified into six 
categories on the basis of responses to the questionnaire: 1) light sedentary work, 
2) other sedentary work, 3) physically light standing work or light work involving 
movement, 4) fairly light or medium-heavy work involving movement, 5) heavy 
manual work, and 6) very heavy manual work. For Study III, the history of heavy 
manual work was dichotomized into physical work, covering Categories 3 to 6; and 
no physical work, covering Categories 1 and 2. In Studies II and IV, the information 
on the history of physical workload was obtained by eliciting how many years the 
participants had been exposed in their current or past jobs to heavy physical work 
involving lifting, carrying or pushing loads over 20 kg an average of at least 10 
times per working day. The information was classified as follows: 1) 0 years, 2) 1–
12 years, 3) 13–24 years, or 4) more than 24 years. 

The information on leisure-time physical activity was elicited using a self-
administered questionnaire. Leisure-time physical activity was classified into two 
groups (Studies II, IV): 1) little or irregular leisure-time physical activity, and 2) 
regular fitness training of at least 3 hours per week or regular competitive sports 
training several times per week. In Study I, leisure-time physical activity was 
classified into three groups: 1) little physical exercise, 2) physical exercise in 
connection with some hobbies or irregular physical exercise, and 3) regular 
physical exercise. 

Knee complaint was defined as difficulty walking or limping due to discomfort 
or trouble in the knee during the last month, and this information was used in 
Studies II–IV. It was elicited using a standardized interview on musculoskeletal 
symptoms. 

Self-reported information on level of education was used in Study I and 
categorized into three groups according to the duration of education: 1) 0–9 years, 
2) 10–12 years, and 3) 13 years or more. 

Detailed information on the collection of the self-reported data has been 
published previously (Arokoski et al., 2007; Aromaa et al., 1989; Heistaro, 2008; 
Sievers et al., 1989). 

Physical status 

In the baseline examinations (I–IV), height and weight were measured and BMI 
(kg/m2) was calculated by dividing weight in kilograms by the square of height in 
meters. Participants were classified into three groups according to BMI in Studies 
I and III: 1) normal or below normal weight, < 25.0 kg/m2, 2) overweight, 25.0–
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29.9 kg/m2, 3) obese, > 30 kg/m2. In Studies II and IV, BMI was classified as 
follows: 1) < 25.0 kg/m2, 2) 25.0–29.9 kg/m2, 3) 30.0–34.9 kg/m2, and 4) ≥ 35.0 
kg/m2.  

Traumatic knee injury was defined as a previous distension of the knee, 
meniscal or cruciate ligament tear, or a femoral or tibial fracture of the knee region. 
In Studies I and III, a physician classified the injuries after the baseline examination 
according to the International Classification of Diseases (ICD) 8th revision, based 
on all the information available in the medical history, symptoms, and the physical 
findings of the clinical examination. In Studies II and IV, all injuries sustained since 
the baseline examination were classified by a physician according to the ICD 10th 
revision, based on all the information available in the medical history, symptoms, 
and the physical findings of the clinical examination. 

Laboratory measurements 

Overnight (minimum 11 hours) fasting blood samples were taken and stored at -20 
°C in the Mini-Finland Health Survey. Serum total cholesterol was determined a 
few weeks after the blood draw by a modification of the direct Liebermann-
Burchard method without serum-blank subtraction. Serum insulin was measured 
from the stored 2002 and 2003 samples using a modification of Herbert’s 
immunoassay method (Microparticle enzyme immunoassay; Insulin kit 
[REAGENT]: Abbott Laboratories, Dainabot, Tokyo, Japan; Analyzer: ABBOT, 
IMX 20238). Insulin resistance was evaluated by the Homeostatic Model 
Assessment of Insulin Resistance (HOMA-IR) (Matthews et al., 1985). Serum 
25(OH)D levels were determined from the stored samples in 2003 by 
radioimmunoassay (DiaSorin, Stillwater, MN, USA). These laboratory 
measurements were used as baseline covariates in Study III. 

4.2.5 Serum vitamin D status 

In the Mini-Finland Health survey, fasting blood samples were taken during the 
baseline examination and stored at -20 °C until 2003, when serum 25(OH)D levels 
were determined by radioimmunoassay (DiaSorin, Stillwater, MN, USA) (I, IV). 
In Study I, the participants were divided into four groups according to serum 
25(OH)D quartiles as follows: 1) ≤ 33 nmol/L, 2) 34–43 nmol/L, 3) 44–56 nmol/L, 
and 4) ≥ 57 nmol/L). The aim of this division into quartiles was to avoid groups 
with too few participants and the effect of extreme values of serum 25(OH)D. For 
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the purposes of Study I, the participants were also divided into two groups with 
respect to the time of serum blood draw: 1) winter (November to April), and 2) 
summer (May to October). 

In the Health 2000 survey, fasting blood samples were taken and stored at -70 
°C. In Study II, the time span (days) from summertime was computed as from the 
day of blood draw to August 31. Serum 25(OH)D was determined by 
radioimmunoassay (DiaSorin, Stillwater, MN, USA) between January 2001 and 
November 2002, as in the samples of the Mini-Finland Health survey. In Study II, 
the participants were divided into four groups by serum 25(OH)D quartiles as 
follows: 1) ≤ 33 nmol/L, 2) 34–42 nmol/L, 3) 43–54 nmol/L, and 4) ≥ 55 nmol/L). 
(II) 

The interassay coefficient of variation for serum 25(OH)D concentration 
measurements was 7.80% at a mean level of 47.3 nmol/L (n=167) and 9.12% at a 
mean level of 131.3 nmol/L (n=135). The laboratory in which the analysis was 
carried out participated in an external quality control program run by Labquality 
LTD (Helsinki, Finland) (Studies I–III). 

4.2.6 Metabolic syndrome and its components 

The definition of metabolic syndrome used in Study III was based on a harmonized 
definition of metabolic syndrome (Alberti et al., 2009). The criterion for metabolic 
syndrome was the presence of any three or more of the following five components: 
central obesity, elevated mean blood pressure (systolic blood pressure of ≥ 130 
mmHg or diastolic blood pressure of ≥ 85 mmHg or antihypertensive medication), 
elevated serum triglycerides (≥ 1.7 mmol/L), reduced serum HDL cholesterol (< 
1.3 mmol/L for women and < 1.0 mmol/L for men), and elevated plasma fasting 
glucose (≥ 5.6 mmol/L, or diagnosed type II diabetes without insulin therapy). 

Since the baseline data included no information on waist circumference, the 
highest quintile of subscapular to triceps skinfold ratio (> 1.23) was used to 
approximate the presence of central obesity in Study III. This cut-off point was 
chosen on the basis of the knowledge of the prevalence of central obesity (waist 
circumference >100 cm for men and > 90 cm for women) in Finland in 1987 (Lahti-
Koski, Harald, Männistö, Laatikainen, & Jousilahti, 2007). Trained technicians 
measured skinfold thicknesses on the right side of the body using a Harpenden 
skinfold caliper (British Indicators Ltd, John Bull). Subscapular skinfold thickness 
was measured at the inferior angle of the scapula. Triceps skinfold was measured 
posteriorly at the halfway point between the outer edge of the acromion process 
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and the olecranon process of the ulna. The ratio of subscapular to triceps skinfold 
was used as an indicator of central versus peripheral distribution of body fat (Miller 
et al., 2005). 

Casual blood pressure was measured twice at an interval of 90 seconds using 
the auscultatory method. 

Overnight (minimum 11 hours) fasting blood samples were taken during the 
Mini-Finland Health survey and stored at -20 °C, as described previously. These 
samples were analyzed and serum HDL, plasma fasting glucose, and serum 
triglyceride concentrations were determined a few weeks after they were taken. 
Serum HDL level was analyzed using Mg-dextrane sulphate precipitation, and 
serum triglyceride concentration was determined using the fully enzymatic method 
(Boehringer, Mannheim, Germany). Plasma fasting glucose was determined using 
a glucose oxidase method (Boehringer, Mannheim, Germany). The fasting serum 
samples taken during the baseline health examination were kept frozen at -20 °C 
until 2003, when 25(OH)D levels were determined by radioimmunoassay 
(DiaSorin, Inc, Stillwater, MN, USA).  

4.2.7 Dietary Mg intake 

Dietary Mg intake was assessed on the basis of a validated self-administered FFQ 
from the preceding year tailored for Health 2000 survey (Montonen et al., 2008; 
Paalanen et al., 2006). A validation study of the used FFQ had been published 
previously (Männistö, Virtanen, Mikkonen, & Pietinen, 1996). The questionnaire 
listed 128 commonly used food items, mixed dishes and alcoholic beverages 
grouped as follows: dairy products, cereal products, fat spreads, vegetables, 
potatoes, pasta and rice, meat, fish, poultry and eggs, fruit and berries, desserts, 
sweets and snacks, and beverages. There was also space to add products that were 
used but not mentioned in the questionnaire. The frequency of the foods used was 
assessed on a scale of 1 to 9; 1) never or seldom, 2) 1–3 times per month, 3) once 
per week, 4) 2–4 times per week, 5) 5–6 times per week, 6) once per day, 7) 2–3 
times per day, 8) 4–5 times per day, and 9) 6 or more times per day. To assess 
portion size, example predesigned portion sizes were printed on the questionnaire, 
to which participants were asked to compare their own typical portion sizes. 

Average daily Mg intake was calculated using the National Finnish Food 
Composition Database (Fineli) (Reinivuo, Hirvonen, Ovaskainen, Korhonen, & 
Valsta, 2010). The main dietary sources of Mg intake among men were as follows: 
28% was from cereal, 18% from dairy products, 12% from non-alcoholic drinks, 
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12% from vegetables, and 32% from other sources with less than 10% contribution 
each (Montonen et al., 2008). Among women, the sources of dietary Mg intake 
were as follows: 28% was from cereal, 18% from dairy products, 13% from 
vegetables, 10% from non-alcoholic drinks, and 31% from other sources, with less 
than 10% contribution each (Montonen et al., 2008). A repeated FFQ was 
performed five to nine months after the baseline FFQ to evaluate its reliability, 
which is described in detail elsewhere (Montonen et al., 2008). The repeated FFQ 
was sent to 198 study participants, of whom 184 returned it. The intraclass 
correlation coefficient for Mg intake was 0.56 among men and 0.60 among women. 
Among men, the mean dietary Mg intake decreased, but the change was non-
significant, from 446 mg/day to 427 mg/day (p = 0.18). Among women, dietary Mg 
intake decreased significantly, from 418 mg/day to 389 mg/day (p = 0.01) 
(Montonen et al., 2008). In a validation study, compared to a three-day food record, 
the baseline FFQ proved satisfactory in terms of Mg intake (Paalanen et al., 2006). 

The FFQ also included questions about the regular use of supplements, and 
based on this information, the use of Mg supplements was defined as a record of 
any single-ingredient or combination supplement containing Mg. 

4.2.8 Serum hs-CRP level 

Serum hs-CRP level was determined from frozen serum samples in 2003 by an 
immunoturbidimetric test (Orion Diagnostica, Espoo, Finland) using the Optima 
analyzer (Orion Diagnostica) at the Biochemistry Laboratory of the Finnish 
Institute for Health and Welfare (Helsinki, Finland). In Study III, the hs-CRP results 
were classified into three groups according to the American College of 
Cardiology/American Heart Association 2013 Guideline (Goff et al., 2014) as 
follows: 1) < 1.0 mg/L, 2) 1.0–3.0 mg/L, and 3) > 3.0 mg/L. During the course of 
the measurements, which lasted four months in 2003, the interassay coefficients of 
the variation of the hs-CRP determinations were 6.8% (at a mean level of 1.36 mg/L) 
and 3.6% (at a mean level of 3.10 mg/L) according to 150 control samples analyzed 
three times during daily analysis series. To ensure standardization of measurements, 
the laboratory took part in External Quality Assessment Schemes organized by 
Labquality (Helsinki, Finland). 
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4.3 Follow-up data 

4.3.1 National Care Register for Health Care 

For the purposes of Studies II, III and IV, the follow-up information regarding the 
incidence of knee OA was drawn from the national Care Register for Health Care. 
We identified patients with a diagnosis of knee OA who were treated in a hospital 
using ICD, until 1986 with code 713.01 of the 8th revision, from 1987 to 1995 with 
code 7151F or 7152F of the 9th revision, and from 1996 onwards with code M17 of 
the 10th revision. In Study II, hip OA was also studied as an endpoint and the cases 
were identified using ICD 10th revision code M16. Prior to 1995, the register 
contained data on patients discharged from inpatient care in hospitals only. From 
1995 onwards, diagnoses given in day surgery and specialized outpatient care 
were also recorded. In Study III, the follow-up period started from the baseline 
examination in 1978–1980 and continued until first hospitalization for knee OA, 
death, or the end of 2010, whichever came first. In Study II, the follow-up period 
started from the baseline examination in 2000–2001 and continued until the first 
hospitalization for knee or hip OA, death, or the end of 2010, whichever came first. 
In Study IV, the follow-up period started from the baseline examination in 2000–
2001 and continued until the first hospitalization for knee OA, death, or the end of 
2010, whichever came first. The register data on all the participants was found in 
the Care Register for Health Care using their social security number.  

4.3.2 Resurvey of participants of Mini-Finland Health survey 

One part of the Health 2000 survey project was a resurvey of the participants of the 
Mini-Finland Health survey approximately 20 years earlier, as described earlier in 
Section 4.1. The follow-up examination took place in 2001. Uniform criteria for 
knee and hip OA was used both at baseline and at follow-up. The criteria for knee 
and hip OA are described in Section 4.2.3. The specially trained physicians were 
unaware of the potential predictor variables recorded at baseline (Arokoski et al., 
2007; Heistaro, 2008). Study I used the follow-up information on the incidence of 
knee and hip OA. 
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4.4 Ethical considerations 

At the time the Mini-Finland Health survey was carried out, the current legislation 
involving medical research on human participants was not yet effective. The survey 
followed the principles of the World Medical Association Declaration of Helsinki, 
and the participants were fully informed about the use of the collected data for 
research purposes and that they were participating on a voluntary basis. Agreeing 
to participate in the baseline health examination was considered to indicate 
informed consent. The original study plan included circulatory, respiratory and 
musculoskeletal organ diseases, including knee OA, and mental disorders as main 
study objects. The register authorities approved the record linkage of national 
health registers to the Mini-Finland Health survey data. 

All the participants of the Health 2000 survey gave their written informed 
consent on the use of the data collected on them in the health survey and from the 
national Care Register for Health Care for study purposes. The overall study plan 
of the Health 2000 survey was approved by the Ethical Committee for Research in 
Epidemiology and Public Health at the Hospital District of Helsinki and Uusimaa 
in Finland. The record linkage of national health registers to the health survey data 
was also approved by the register authorities. 

4.5 Statistical methods 

Cross-sectional associations between potential confounding factors, including the 
known risk factors for knee OA, and the potential risk factors studied were analyzed 
using the general linear model in Studies I–IV.  

Study I used multivariate analysis with logistic regression to estimate the 
strength of the association between knee and hip OA during the follow-up 
examination, baseline serum 25(OH)D level and the potential confounding factors. 
The adjusted odds ratios (OR) with their 95% confidence intervals (CI) were 
estimated. All the analyses were carried out by entering serum 25(OH)D both as 
quartiles and a continuous variable, with at least probable and definite knee and hip 
OA as outcomes.  

In Study I, three main models were constructed: 1) basic model (adjusted for 
age as a continuous variable, and gender), 2) full model (adjusted for age 
[continuous], gender, education, BMI, physical workload, smoking, leisure-time 
physical activity, injuries, and season of blood draw) with covariates entered 
simultaneously, and 3) full model with interaction terms of serum 25(OH)D as a 
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continuous variable, and each covariate (age [continuous variable], gender, 
education, BMI, physical workload, smoking, leisure-time physical activity, 
injuries, and season of blood draw) entered one by one. The statistical significance 
of each covariate or interaction term was tested using likelihood ratio statistics and 
expressed as an exact p-value. Trend was tested using logistic models with serum 
25(OH)D as a continuous variable. 

Cox’s proportional hazards model was used in Studies II, III and IV to estimate 
the risk of developing knee OA according to the potential risk factors studied (in 
Study II, quartiles of serum 25[OH]D; in Study III, metabolic syndrome, the five 
components of metabolic syndrome [elevated blood pressure, elevated fasting 
glucose, elevated triglycerides, reduced HDL and central obesity, the cut-off values 
of which are described above in 4.3.4, and the number of components of the 
metabolic syndrome]; and in Study IV, hs-CRP categories and tertiles of dietary 
Mg intake). The confounding factors, selected on the basis of prior assumptions of 
the determinants of studied potential risk factors and knee OA, were entered as 
potential confounding and effect-modifying factors. In Study II, adjusted hazard 
ratios (HR) with 95% CIs were estimated and the p-values for trend were calculated 
by assigning the participants the median value of each category and including this 
as a continuous variable in the model. 

In Study III, three main models were constructed: 1) a basic model adjusted for 
age, gender and BMI with each factor of interest entered one by one; 2) a full model 
in which the history of physical workload, smoking history, difficulty walking or 
limping due to disorder or complaint in the knee, and previous injury of the knee 
were also entered as potential confounding factors; and 3) a full model as in 2), 
from which the first 15 years of the follow-up were excluded to examine the effect 
of the possible preclinical disease phase. 

In Study IV, two main models were constructed: 1) a basic model adjusted for 
age, gender and energy intake; and 2) a full model in which BMI, history of 
physical workload, leisure-time physical activity, injuries, use of Mg supplements, 
serum hs-CRP level and difficulty walking due to disorder or complaint in knees 
were also entered as potential confounding factors. 

In Studies III and IV, effect modification was studied by entering all the 
multiplicative first-degree interaction terms of the potential risk factors or effect-
modifiers, one by one, into the full model. The statistical significance of the 
interactions was tested using likelihood ratio statistics. 

All analyses were performed using SAS for Windows, version 9.1 (SAS 
Institute, Inc, Cary, NC, USA). A p-value less than 0.05 was considered significant. 
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5 Results 

5.1 Baseline characteristics of study population 

5.1.1 Mini-Finland Health survey 

The baseline characteristics of the study populations of the Mini-Finland Health 
survey-based Studies I and III are shown in Table 12 (I) and Table 13 (III). In Study 
I, the mean serum 25(OH)D level of the whole study population was 46.0 nmol/L 
± standard deviation (SD) 17.8 nmol/L. In Study III, the mean fasting plasma 
glucose level of the whole study population was 5.33 mmol/L ± SD 1.07 mmol/L. 
Mean serum HDL cholesterol level was 1.70 mmol/L ± SD 0.41 mmol/L; mean 
serum triglyceride level was 1.49 mmol/L ± SD 1.04 mmol/L; mean systolic blood 
pressure was 114.5 mmHg ± SD 23.2 mmHg; mean diastolic blood pressure was 
87.0 mmHg ± SD 11.7 mmHg; and mean subscapular to triceps skinfold ratio was 
0.99 ± SD 0.39. 

5.1.2 Health 2000 survey 

Table 14 shows the baseline characteristics of the study population of the Health 
2000 survey in Study II, in which the mean serum 25(OH)D level of the whole 
study population was 45.0 nmol/L ± SD 16.7 nmol/L. The same population but with 
differing exclusion criteria was used in Study IV, in which the mean dietary Mg 
intake of the whole study population was 432 mg/day ± SD 141 mg/day, and the 
mean serum hs-CRP concentration was 2.0 mg/L ± SD 5.49 mg/L. Mean energy 
intake was 2294 kcal/day, SD ± 797 kcal/day. 

Table 12. Baseline characteristics of final study populationa in Study I (N=805), based 
on Mini-Finland Health survey’s 1978–1980 study sample and resurvey of participants 
alongside Health 2000 survey in 2001. 

Factor n % 

Age, years   

30–39 380 47.2 

40–49 276 34.3 

> 50 149 18.5 

Gender   

Male 360 44.5 
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Female 445 55.3 

BMI, kg/m2   

< 25.0 490 60.9 

25.0–29.9 259 32.2 

≥ 30 56 7.0 

Physical workload   

Light sedentary 316 39.9 

Other sedentary 34 4.2 

Light standing/movements 192 23.8 

Fairly light or medium heavy 165 20.5 

Heavy 87 10.8 

Very heavy 11 1.4 

Leisure-time physical activity   

Little physical exercise 188 23.3 

Irregular physical exercise 378 47.0 

Regular physical exercise 239 29.7 

Smoking   

Non-smoker 418 51.9 

Ex-smoker 191 23.7 

Smoker 196 24.3 

Injuryb   

No 762 94.7 

Yes 43 5.3 

Season of blood draw   

Winterc 552 68.6 

Summerd 253 31.4 

Abbreviations: N, number of study participants; n, number of participants in respective category; BMI, 

body mass index. 
aParticipants with baseline knee or hip osteoarthritis, who had withdrawn from the workforce or had 

missing data on any necessary determinants were excluded from the study; bDefined as injuries 

sustained since baseline examination and classified by a physician according to International 

Classification of Diseases 8th revision on the basis of all information available in the medical history, 

symptoms, and physical findings of the clinical examinations. Injuries were taken into account only if they 

had led to permanent damage or to any continuing impairment or complaint; cFrom November to April; 
dFrom May to October. 

Table 13. Baseline characteristics of final study populationa in Study III (N=6274), based 
on Mini-Finland Health survey study sample. 

Factor n % 

Age, years   

30–44 2651 42.3 

45–54 1468 23.4 
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Factor n % 

55–98 2155 34.3 

Gender   

Male 3074 49.0 

Female 3200 51.0 

BMI, kg/m2   

< 25.0 3041 48.5 

25.0–29.9 2417 38.5 

≥ 30 816 13.0 

Physical work   

No 2971 47.4 

Yes 3303 52.6 

Smoking   

Non-smoker 3336 53.2 

Ex-smoker 1362 21.7 

Smoker 1576 25.1 

Knee injuryb   

No 6158 98.2 

Yes 116 1.8 

Knee complaintc   

No 5781 92.1 

Yes 493 7.9 

Central obesityd   

No 5028 80.1 

Yes 1246 19.9 

Elevated mean blood pressuree   

No 1296 20.7 

Yes 4978 79.3 

Elevated plasma fasting glucosef   

No 4708 75.0 

Yes 1566 25.0 

Elevated triglyceridesg   

No 4554 72.6 

Yes 1720 27.4 

Reduced serum HDLh   

No 5909 94.2 

Yes 365 5.8 

Metabolic syndromei   

No 5125 81.7 

Yes 1149 18.3 

Number of metabolic syndrome components   

0 863 13.8 

1 2379 37.9 
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Factor n % 

2 1883 30.0 

3 886 14.1 

4 243 3.9 

5 20 0.3 

Abbreviations: N, number of participants; n, number of participants in respective category; BMI, body 

mass index; HDL, high density lipoprotein. 
aExcluding those with baseline knee OA, insulin-treated diabetes and missing necessary determinants; 
bDefined as previous distension of the knee, meniscal tear or rupture of the cruciate ligament, or femoral 

or tibial fracture of knee region. A physician classified the injuries after the baseline examination 

according to the International Classification of Diseases (ICD) 8th revision based on all information 

available in the medical history, symptoms, and physical findings of the clinical examination. The injuries 

were accounted for only if they had led to permanent damage or to any continuing impairment or 

complaint; cDefined as difficulty walking or limping due to discomfort or trouble in the knee during the last 

month; dSubscapular to triceps skinfold ratio > 1.23; eSystolic blood pressure ≥ 130 mmHg or diastolic 

blood pressure ≥ 85 mmHg or antihypertensive medication; fConcentration ≥ 5.6 mmol/L, or diagnosed 

type II diabetes without insulin therapy; gConcentration ≥ 1.7 mmol/L; hConcentration < 1.3 mmol/L in 

women and < 1.0 mmol/L in men; iDefined as presence of any three or more of the following five 

components: systolic blood pressure ≥ 130 mmHg or diastolic blood pressure ≥ 85 mmHg or 

antihypertensive drug treatment, serum triglycerides ≥ 1.7 mmol/L, serum HDL cholesterol < 1.3 mmol/L 

in women and < 1.0 mmol/L in men, and plasma fasting glucose ≥ 5.6 mmol/L. 

Table 14. Baseline characteristics of final study populationa in Study II (N=5914). 

Factor n % 

Age, years   

30–54 3569 60.3 

55–64 1046 17.7 

65–74 746 12.6 

75–99 553 9.4 

Gender   

Male 2712 45.9 

Female 3202 54.1 

BMI, kg/m2   

< 25.0 2205 37.3 

25.0–29.9 2388 40.4 

30.0–34.9 1004 17.0 

≥ 35.0 317 5.4 

Manual handling of loads of > 20 kg, years   

0 3004 50.8 

1–12 1038 17.6 

13–24 766 13.0 

≥ 25 1106 18.7 
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Factor n % 

Education, years   

0–9 2288 38.7 

10–12 1928 32.6 

≥ 13 1698 28.7 

Leisure-time physical activity   

Little or irregular physical exercise 4881 82.5 

Regular physical exercise 1033 17.5 

Smoking   

Non-smoker 3130 52.9 

Ex-smoker 1338 22.6 

Smoker 1446 24.5 

Injuryb   

No 5644 95.8 

Yes 270 4.6 

Knee complaintc   

No 5020 84.9 

Yes 894 15.1 

Hip complaintd   

No 5253 88.8 

Yes 661 11.2 

Baseline knee OA   

No 5434 91.9 

Yes 480 8.1 

Baseline hip OA   

No 5648 95.5 

Yes 266 4.5 

Time from August 31st to blood draw, days   

0–50 1498 25.3 

51–82 1459 24.7 

83–135 1471 24.9 

≥ 136 1486 25.1 

Abbreviations: N, number of participants; n, number of participants in respective category; BMI, body 

mass index; OA, osteoarthritis. 
aParticipants with baseline knee or hip OA, who had withdrawn from the workforce or had missing data on 

any necessary determinants were excluded from the study; bDefined as injuries sustained since baseline 

examination and classified by a physician according to ICD-8 on the basis of all information available in 

the medical history, symptoms, and physical findings of the clinical examinations. Injuries were taken into 

account only if they had led to permanent damage or to any continuing impairment or complaint; 
cDifficulty walking or limping due to discomfort or trouble in the knee during the last month; dDifficulty 

walking or limping due to discomfort or trouble in the hip during the last month.  
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5.2 Associations between baseline factors and risk of incident 
knee OA 

5.2.1 Age and risk of incident knee OA 

In Studies III and IV, age showed no statistically significant association with 
incidence of knee OA. In Study III, in the full model (adjusted for gender, BMI, 
history of physical workload, smoking history, difficulty walking due to disorder 
or complaint in the knees, and previous injury of the knee) the HR (95% CI) for 
incident knee OA was 1 (reference) for those aged 30–44, 1.07 (0.86-1.33) for those 
aged 45–54, and 0.91 (0.69-1.21) for those aged 55–98. Similarly, in Study IV, 
when adjusted for all covariates (gender, BMI, energy intake, history of physical 
workload, leisure-time physical activity, injuries, use of Mg supplements, serum 
hs-CRP level, and knee complaint) the HR (95% CI) for incident knee OA was 1 
(reference) for those aged 30–54, 1.08 (0.68-1.72) for those aged 55–64, 1.27 (0.74-
2.17) for those aged 65 to 74, and 1.06 (0.45-2.50) for those aged 75 to 99.  

5.2.2 Gender and risk of incident knee OA 

In Study III, in the full model (adjusted for age, BMI, history of physical workload, 
smoking history, difficulty walking due to disorder or complaint in the knees, and 
previous injury of the knee) the HR (95% CI) for incident knee OA among women 
was 1.32 (1.05-1.66) compared to men; in the basic model (adjusted for age and 
BMI), 1.45 (1.20-1.76) among women compared to men; and in the full model with 
the first 15 years of follow-up excluded from the analysis, 1.29 (1.00-1.67) among 
women compared to men. These results show a statistically significant association 
between female gender and the incidence of knee OA. In Study IV, when adjusted 
for all covariates (age, BMI, energy intake, history of physical workload, leisure-
time physical activity, injuries, use of Mg supplements, serum hs-CRP level, and 
knee complaint) the HR (95% CI) for incident knee OA was 1.26 (0.86-1.84) 
among women compared to men. Similarly, when adjusted for only age and energy 
intake, the HR for incident knee OA was 1.20 (95% CI 0.83-1.72) among women 
compared to men. The results of Study IV concerning the association between 
female gender and knee OA incidence were nonsignificant. 
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5.2.3 BMI and risk of incident knee OA 

Higher BMI was associated with a significantly higher risk of developing knee OA 
in both Studies III and IV. In Study III, in the full model (adjusted for age, gender, 
history of physical workload, smoking history, difficulty walking due to disorder 
or complaint in the knees, and previous injury of the knee) the HR (95% CI) for 
incident knee OA was 1 (reference) among those with a BMI of < 25 kg/m2; 2.04 
(1.64-2.54) among those with a BMI between 25.0 kg/m2 and 29.9 kg/m2; and 3.14 
(2.37-4.17) among those with a BMI of ≥ 30.0 kg/m2. The association was also 
significant in the basic model in both studies. In Study IV, also when the first 15 
years of follow-up were excluded from the analysis, the association remained 
significant. In Study IV, when adjusted for all covariates (age, gender, energy intake, 
history of physical workload, leisure-time physical activity, injuries, use of Mg 
supplements, serum hs-CRP level, and knee complaint) the HR (95% CI) for 
incident knee OA was 1 (reference) among those with a BMI of < 25 kg/m2; 2.04 
(1.64-2.54) among those with a BMI between 25.0 kg/m2 and 29.9 kg/m2; 2.84 
(1.64-4.90) among those with a BMI between 30.0 kg/m2 and 34.9 kg/m2; and 3.37 
(1.62-7.02) among those with a BMI of ≥ 35.0 kg/m2. 

5.2.4 Physical workload and risk of incident knee OA 

A history of heavier workload was associated with a higher risk of developing knee 
OA in both Studies III and IV. In Study III, in the full model (adjusted for age, 
gender, BMI, smoking history, difficulty walking due to disorder or complaint in 
the knees, and previous injury of the knee) the HR (95% CI) for incident knee OA 
was 1.29 (1.05-1.57) among those with a history of physical work compared to 
those with no history of physical work. The HR (95% CI) for incident knee OA was 
1.31 (1.06-1.68) in the basic model (adjusted for age, gender and BMI) and 1.31 
(1.04-1.66) in the full model (with the first 15 years of follow-up excluded) among 
those with history of physical work compared to those without. In Study IV, when 
adjusted for all covariates (age, gender, energy intake, BMI, leisure-time physical 
activity, injuries, use of Mg supplements, serum hs-CRP level, and knee complaint) 
the HR (95% CI) for incident knee OA was 1 (reference) among those with 0 years 
of manual handling of loads of > 20 kg; 1.18 (0.71-1.97) among those with 1–12 
years of manual handling of loads of > 20 kg; 1.71 (1.03-2.85) among those with 
13–24 years of manual handling of loads of > 20 kg; and 1.80 (1.12-2.92) among 
those with at least 25 years of manual handling of loads of > 20 kg. The association 
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was also significant when adjusted for age, gender and energy intake only. The 
results of both studies show a significant association between history of manual 
workload and incident knee OA. 

5.2.5 Leisure-time physical activity and risk of incident knee OA 

Leisure-time physical activity was not associated with an increased risk of incident 
knee OA in Study IV. The HR (95% CI) for incident knee OA was 1.17 (0.75-1.82) 
when adjusted for age, gender and energy intake, and 1.31 (0.84-2.06) when 
adjusted for all covariates (age, gender, energy intake, BMI, history of physical 
workload, injuries, use of Mg supplements, serum hs-CRP level, and knee 
complaint) among those with regular physical activity compared to those with little 
or irregular physical activity. 

5.2.6 Knee injuries and risk of incident knee OA 

Previous injuries of the knee were statistically significantly associated with an 
increased incidence of knee OA during follow-up in Study III, but in Study IV no 
significant association was found. In Study III, in the full model (adjusted for age, 
BMI, history of physical workload, smoking history, difficulty walking due to 
disorder or complaint in the knees, and previous injury of the knee) the HR (95% 
CI) for incident knee OA was 2.21 (1.36-3.61) among those with previous knee 
injury compared to those with no injuries; in the basic model (adjusted for age and 
BMI) 2.76 (1.57-4.84), and in the full model with first 15 years of follow-up 
excluded from the analysis 2.28 (1.25-4.17). In Study IV, when adjusted for all 
covariates (age, gender, BMI, energy intake, history of physical workload, leisure-
time physical activity, use of Mg supplements, serum hs-CRP level, and knee 
complaint) the HR (95% CI) for incident knee OA was 1.45 (0.67-3.12) among 
those with previous injury of the knee compared to those without. Similarly, when 
adjusted for only age, gender and energy intake, the HR (95% CI) for incident knee 
OA was 1.76 (0.82-3.78) among those with previous knee injury compared to those 
without. 

5.2.7 Smoking and risk of incident knee OA 

In Study III, in the full model, smoking was associated with a significantly 
decreased risk of incident knee OA, the HR (95% CI) was 0.89 (0.69-1.15) among 
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ex-smokers and 0.76 (0.58-0.99) among current smokers compared to nonsmokers. 
No significant associations were found in the basic model or in the full model when 
the first 15 years of follow-up were excluded. In the basic model (adjusted for age, 
gender and BMI), the HR (95% CI) for incident knee OA was 0.76 (0.57-1.02) 
among current smokers and 0.92 (0.69-1.22) among ex-smokers compared to 
nonsmokers. In the full model (with the first 15 years of follow-up excluded), the 
HR (95% CI) for incident knee OA was 0.78 (0.58-1.05) among current smokers 
and 0.90 (0.68-1.20) among ex-smokers compared to nonsmokers. 

5.2.8 Knee complaints and risk of incident knee OA 

Knee complaint at baseline was associated with a higher risk of developing knee 
OA during follow-up in both Studies III and IV. In Study III, in the full model 
(adjusted for age, gender, BMI, smoking history, difficulty walking due to disorder 
or complaint in the knees, and previous injury of the knee) the HR (95% CI) for 
incident knee OA was 1.68 (1.24-2.27) among those with knee complaints 
compared to those with no knee complaints. The HR (95% CI) for incident knee 
OA was 1.49 (1.04-2.13) in the basic model (adjusted for age, gender and BMI) 
and 1.34 (0.91-1.96) in the full model with the first 15 years of follow-up excluded 
among those with knee complaints compared to those without knee complaints at 
baseline. In Study IV, when adjusted for all covariates (age, gender, energy intake, 
BMI, history of physical workload, leisure-time physical activity, injuries, use of 
Mg supplements, and serum hs-CRP level) the HR (95% CI) for incident knee OA 
was 2.03 (1.31-3.15) among those with knee complaints compared to those with no 
knee complaints. The association was also significant when adjusted for age, 
gender and energy intake only (HR 2.33, 95% CI 1.51-3.58). 

5.3 Associations between studied potential risk factors and risk of 
incident knee OA 

5.3.1 Vitamin D status and risk of incident knee OA 

In Studies I and II, serum vitamin D status showed no significant association with 
the risk of incident knee OA. 

In Study I, when adjusted for age and gender, the OR (95% CI) for at least 
probable incident knee OA in the quartiles of serum 25(OH)D was 1 (reference) in 
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the lowest quartile, 0.77 (0.38-1.42) in the second lowest quartile, 1.09 (0.59-2.01) 
in the second highest quartile, and 0.80 (0.42-1.52) in the highest quartile (Table 
15). When adjusted for age and gender, the OR (95% CI) for definite incident knee 
OA in the quartiles of serum 25(OH)D was 1 (reference) in the lowest quartile, 0.47 
(0.18-1.21) in the second lowest quartile, 1.13 (0.63-2.81) in the second highest 
quartile, and 0.81 (0.36-1.83) in the highest quartile (Table 16). These results were 
statistically nonsignificant. Study III assessed the risk estimates for incident knee 
OA per increment of one SD of serum 25(OH)D, and the HR (95% CI) for incident 
knee OA was 1.09 (0.99-1.20). This result was also nonsignificant (Table 20). 

In Study I, an interaction was observed between serum 25(OH)D level and the 
season of blood draw. In Study I, the full model for definite knee OA was also 
analyzed as stratified by season of blood draw. Among those whose blood draw 
took place between November 1 and April 30, the OR (95% CI) for definite knee 
OA in the quartiles of serum 25(OH)D was 1 (reference) in the lowest quartile, 0.54 
(0.14-2.10) in the second lowest quartile, 2.61 (0.95-7.19) in the second highest 
quartile, and 1.96 (0.62-6.28) in the highest quartile. Among those whose blood 
draw took place between May 1 and October 31, the OR (95% CI) for definite knee 
OA in the quartiles of serum 25(OH)D was 1 in the lowest quartile, 0.44 (0.08-2.44) 
in the second lowest quartile, 0.41 (0.09-1.93) in the second highest quartile, and 
0.18 (0.03-1.01) in the highest quartile (Table 17). The p-value for the interaction 
term of serum 25(OH)D and the season of blood draw was 0.004 among those with 
incident knee OA. The results show a significantly different pattern of interaction 
between serum vitamin D status and incident knee OA according to the season of 
25(OH)D determination, as the association between serum 25(OH)D and incident 
knee OA was direct when the blood draw took place between November and April 
(p-value for trend 0.02), and inverse when the blood draw took place between May 
and October (p-value for trend 0.04). 

In Study II, when adjusted for all covariates (age, gender, BMI, physical 
workload, education, smoking status, leisure-time physical activity, time from 
August 31 until blood draw, and knee complaint) the HR (95% CI) for incident 
knee OA in the quartiles of serum 25(OH)D was 1 (reference) in the lowest quartile, 
1.37 (0.80-2.33) in the second lowest quartile, 1.85 (1.12-3.05) in the second 
highest quartile, and 1.45 (0.85-2.47) in the highest quartile (Table 18). When 
adjusted for age and gender, the HR (95% CI) for incident knee OA leading to 
hospitalization in the quartiles of serum 25(OH)D was 1 (reference) in the lowest 
quartile, 1.31 (0.77-2.24) in the second lowest quartile, 1.70 (1.03-2.79) in the 
second highest quartile, and 1.23 (0.72-2.08) in the highest quartile. These results 
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do not support the hypothesis that lower serum vitamin D levels predict incident 
knee OA. 

Table 15. Adjusted odds ratios (OR) with their 95% confidence intervals (CI) for 
incidence of at least probable knee osteoarthritis according to quartiles of serum 25-
hydroxyvitamin D (25[OH]D) concentration in full model in Study I. 

Serum 25(OH)D 

concentration 

All Cases OR 95% CI 

≤ 33 nmol/L 205 24 1  

34–43 nmol/L 208 19 0.71 0.35-1.45  

44–56 nmol/L 195 27 1.16 0.60-2.25 

≥ 57 nmol/L 197 23 0.87 0.42-1.79 

Table 16. Adjusted odds ratios (OR) with their 95% confidence intervals (CI) for 
incidence of definite knee osteoarthritis according to quartiles of serum 25-
hydroxyvitamin D (25[OH]D) concentration in full model in Study I. 

Serum 25(OH)D 

concentration (in 

quartiles) 

All Cases OR 95% CI 

≤ 33 nmol/L 195 14 1  

34–43 nmol/L 196 7 0.42 0.15-1.20  

44–56 nmol/L 187 19 1.28 0.56-2.90 

≥ 57 nmol/L 187 13 0.81 0.32-2.04 

Table 17. Adjusted odds ratios (OR) with their 95% confidence intervals (CI) for 
incidence of definite knee osteoarthritis according to quartiles of serum 25-
hydroxyvitamin D (25[OH]D) concentration stratified by season of blood draw in full 
model in Study I. 

 November to April  May to October  

Serum 25(OH)D 

concentration (in 

quartiles) 

All Cases OR 95% CI  All Cases OR 95% CI P-value for 

interactiona 

≤ 33 nmol/L 163 8 1   42 6 1  0.004 

34–43 nmol/L 158 4 0.54 0.14-2.10  50 3 0.44 0.08-2.44  

44–56 nmol/L 129 14 2.61 0.95-7.19  66 5 0.41 0.09-1.93  

≥ 57 nmol/L 102 9 1.96 0.61-6.28  95 4 0.18 0.03-1.01  
aInteraction term of serum 25(OH)D quartiles and season of blood draw. 
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Table 18. Adjusted hazard ratios (HR) with their 95% confidence intervals (CI) for 
incidence of knee osteoarthritis leading to hospitalization according to quartiles of 
serum 25-hydroxyvitamin D (25[OH]D) concentrations in full model by season of blood 
draw in Study II. 

Serum 25(OH)D 

concentration (in 

quartiles) 

All Cases OR 95% CI 

≤ 33 nmol/L 1326 24 1  

34–42 nmol/L 1261 31 1.37 0.80-2.33  

43–54 nmol/L 1346 44 1.85 1.12-3.05 

≥ 134 nmol/L 1341 33 1.45 0.85-2.47 

5.3.2 Associations of metabolic syndrome, its components, the 
number of its components, and some continuous variables 
related to metabolic syndrome with the risk of incident knee 
OA 

Metabolic syndrome 

In all the constructed analysis models of Study III, the estimates for the association 
between metabolic syndrome and the risk of knee OA were nonsignificant. The HR 
(95% CI) for incident knee OA among participants with metabolic syndrome was 
0.83 (0.59-1.15) in the basic model; 0.76 (0.56-1,01) in the full model (Table 19) 
and 0.85 (0.61-1.18) in the full model with the first 15 years of the follow-up 
experience excluded, compared to those without baseline metabolic syndrome. 

Number of metabolic syndrome components 

In Study III, the HRs and their 95% CIs for the risk of incident knee OA according 
to the number of metabolic syndrome components at baseline were nonsignificant. 
The HRs and their 95 % CIs and the p-value for a linear inverse trend, however, 
reached statistical significance in the full model when analyzed as per increment of 
one metabolic syndrome component. In the full model, the HRs (95% CI) for 
incident knee OA were 1 among those with no metabolic syndrome components 
(reference), 0.90 (0.69-1.19) among those with one component, 0.83 (0.61-1.13) 
among those with two components, 0.72 (0.49-1.07) among those with three 
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components, and 0.47 (0.21-1.05) among those with four components (Table 19). 
Of the 20 participants with all five metabolic syndrome components at baseline, 
none developed knee OA during follow-up and therefore could not be analyzed. In 
the full model, the HR (95% CI) for incident knee OA per increment of one 
metabolic syndrome component was 0.88 (0.79-0.98) and the p-value for the linear 
trend was 0.02 (Table 19). After the exclusion of the first 15 years of the follow-up 
experience, the HR (95% CI) for incident knee OA per increment of one metabolic 
syndrome component was 0.90 (0.79-1.01). This result was nonsignificant. 

Central obesity 

In Study III, central obesity was not associated with a greater risk of incident knee 
OA. The HR (95% CI) for incident knee OA among those with a subscapular to 
triceps skinfold ratio of > 1.23 was 0.95 (0.71-1.27) in the basic model, 0.94 (0.72-
1.21) in the full model (Table 19), and 0.93 (0.70-1.25) in the full model with the 
first 15 years of the follow-up experience excluded, compared to those with a 
subscapular to triceps skinfold ratio of ≤ 1.23. 

Elevated fasting plasma glucose level 

In Study III, elevated fasting plasma glucose level predicted a significantly lower 
risk of knee OA when adjusted for age, gender and BMI (HR 0.74, 95% CI 0.55-
0.99), and when adjusted for all the covariates (HR 0.71, 95% CI 0.55-0.91) (Table 
19), as well as in the full model with the first 15 years of follow-up excluded (HR 
0.73, 95% CI 0.54-0.98). 

Reduced serum HDL level 

In Study III, reduced serum HDL cholesterol level did not predict a greater risk of 
knee OA during follow-up. The HR (95% CI) for incident knee OA among those 
with reduced serum HDL was 0.81 (0.48-1.38) in the basic model, 0.90 (0.57-1.42) 
in the full model (Table 19), and 0.93 (0.55-1.58) in the full model with the first 15 
years of the follow-up experience excluded, compared to those without a reduced 
serum HDL level. 
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Table 19. Adjusted HRs with their 95% CIs for incident knee OA leading to 
hospitalization according to metabolic syndrome, its components and number of 
metabolic syndrome components in full model in Study III. 

Factor All Cases OR 95% CI 

Metabolic syndromea     

 No 5125 404 1  

 Yes 1149 55 0.76 0.56-1.01 

Number of metabolic 

syndromea components 

    

 0 863 79 1  

 1 2379 190 0.90 0.69-1.19 

 2 1883 135 0.83 0.61-1.13 

 3 886 48 0.72 0.49-1.07 

 4 243 7 0.47 0.21-1.05 

 5 20 0   

Number of metabolic 

syndromea components 

    

 Increment 

of one SD 

  0.88 0.79-0.98 

Central obesityb     

 No 5028 372 1  

 Yes 1246 87 0.94 0.72-1.21 

Elevated mean blood 

pressurec 

    

 No 1296 105 1  

 Yes 4978 354 1.02 0.80-1.28 

Elevated plasma fasting 

glucosed 

    

 No 4708 388 1  

 Yes 1566 71 0.71 0.55-0.91 

Elevated serum 

triglyceridese 

    

 No 4554 359 1  

 Yes 1720 100 0.78 0.59-1.02 

Reduced serum HDL 

cholesterolf 
    

 No 5909 43 1  

 Yes 365 20 0.81 0.48-1.38 

Abbreviations: HR, hazard ratio; CI, confidence interval; OA, osteoarthritis; HDL, high density lipoprotein. 
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aDefined as presence of any three or more of following five components: systolic blood pressure ≥ 130 

mmHg or diastolic blood pressure ≥ 85 mmHg or antihypertensive drug treatment, serum triglycerides 

≥ 1.7 mmol/L, serum HDL cholesterol < 1.3 mmol/L among women and < 1.0 mmol/L among men, 

plasma fasting glucose ≥ 5.6 mmol/L, and subscapular to triceps skinfold ratio > 1.23; bSubscapular to 

triceps skinfold ratio > 1.23; cSystolic blood pressure ≥ 130 mmHg or diastolic blood pressure ≥ 85 mmHg 

or antihypertensive medication; dConcentration ≥ 5.6 mmol/L or diagnosed type II diabetes without insulin 

therapy; eConcentration ≥ 1.7 mmol/L; fConcentration < 1.3 mmol/L in women and < 1.0 mmol/L in men.  

Elevated mean blood pressure 

In Study III, elevated mean blood pressure did not predict a greater risk of knee 
OA. The HR (95% CI) for incident knee OA among those with elevated mean blood 
pressure (systolic blood pressure ≥ 130 mmHg or diastolic blood pressure ≥ 85 
mmHg or antihypertensive medication) was 1.09 (0.84-1.41) in the basic model, 
1.02 (0.80-1.28) in the full model (Table 19), and 1.11 (0.85-1.44) in the full model 
with the first 15 years of the follow-up experience excluded, compared to those 
without elevated mean blood pressure at baseline. 

Selected continuous variables related to metabolic syndrome 

Table 20 shows the HRs and their CIs for incident knee OA adjusted by an 
increment of one SD in some selected continuous variables related to metabolic 
syndrome in the Study III study population. We explored the independent predictive 
significance of these factors for incident knee OA by entering them one by one as 
continuous variables into the full model. The analysis was adjusted for age, gender, 
BMI, history of physical workload, smoking history, difficulty walking due to 
disorder or complaint in the knee, and previous injury of the knee. Systolic blood 
pressure was statistically significantly associated with a reduced risk of incident 
knee OA (HR 0.86, 95% CI 0.76-0.98). No statistically significant associations 
were noted between the risk of incident knee OA and serum total cholesterol (HR 
0.90, 95% CI 0.82-1.00), serum HDL cholesterol (HR 0.99, 95% CI 0.89-1.09), 
serum triglycerides (HR 0.86, 95% CI 0.74-1.00), plasma fasting glucose (HR 0.84, 
95% CI 0.72-1.00), diastolic blood pressure (HR 0.91, 95% CI 0.82-1.01), 
subscapular skinfold (HR 0,98, 95% CI 0.88-1.10), and subscapular to triceps 
skinfold ratio (HR 0.87, 95% CI 0.77-1.00). Higher triceps skinfold thickness was 
statistically significantly associated with an increased risk of incident knee OA (HR 
1.16, 95% CI 1.02-1.33). 
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Table 20. Adjusteda hazard ratios (HR) and their 95% confidence intervals (95% CI) for 
incident knee OA by selected factorsb related to metabolic syndrome in Study III. 

Factor  Mean  SD HR (95% CI) 

Serum 25(OH)D, nmol/L 43.7 19.7 1.09 (0.99-1.20) 

Serum total cholesterol, mmol/L  6.91 1.37 0.90 (0.82-1.00) 

Serum HDL cholesterol, mmol/L 1.70 0.41 0.99 (0.89-1.09) 

Serum triglycerides, mmol/L 1.49 1.04 0.86 (0.74-1.00) 

Fasting plasma glucose, mmol/L 5.33 1.08 0.84 (0.72-1.00) 

HOMA-IR 2.08 2.04 0.89 (0.75-1.05) 

Systolic blood pressure, mmHg 144.5 23.2 0.86 (0.76-0.98) 

Diastolic blood pressure, mmHg 87.0 11.7 0.91 (0.82-1.01) 

Subscapular skinfold, mm 15.6 7.07 0.98 (0.88-1.10) 

Triceps skinfold, mm 16.7 7.03 1.16 (1.02-1.33) 

Subscapular to triceps skinfold ratio 0.99 0.39 0.87 (0.77-1.00) 

Abbreviations: HR, hazard ratio; CI, confidence interval; OA, osteoarthritis; SD, standard deviation; 

25(OH)D; 25-hydroxyvitamin D; HDL, high density lipoprotein; HOMA-IR, the Homeostatic Model 

Assessment of Insulin Resistance. 
aAdjusted for age, gender, BMI, history of physical workload, smoking history, difficulty walking due to 

disorder or complaint in the knees, and previous injury of the knee; bEntered as continuous variables, HR 

per increment of one SD. 

5.3.3 Serum hs-CRP and risk of incident knee OA 

In Study IV, the HRs (95% CIs) for incident knee OA according to serum hs-CRP 
concentrations and adjusted for age, gender and energy intake, with hs-CRP < 1.0 
mg/L as a reference, were 1.35 (0.90-2.03) among those with serum hs-CRP 
between 1.0 mg/L and 3.0 mg/L, and 1.31 (0.80-2.13) among those with hs-CRP > 
3.0 mg/L. When adjusting for all covariates (age, gender, energy intake, BMI, 
history of physical workload, leisure-time physical activity, injuries, use of Mg 
supplements, serum hs-CRP level and knee complaint), the association remained 
nonsignificant, with the corresponding HRs (95% CIs) according to serum hs-CRP 
levels as follows: 1 for hs-CRP < 1.0 mg/L (reference), 1.05 (0.69-1.61) for hs-CRP 
1.0-3.0 mg/L, and 0.96 (0.57-1.62) for hs-CRP > 3.0 mg/L (Table 21). No 
significant associations were noted. 

5.3.4 Dietary Mg intake and risk of incident knee OA 

In Study IV, the HRs (95% CIs) for incident knee OA in the tertiles of dietary Mg 
intake, when adjusted for age, gender and energy intake, were 1 in the lowest tertile 
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(reference), 1.21 (0.74-1.99) in the middle tertile, and 1.40 (0.74-2.63) in the 
highest tertile, p-value for trend being 0.30. After excluding participants who used 
Mg supplements and adjusting for all covariates (age, gender, energy intake, BMI, 
history of physical workload, leisure-time physical activity, injuries, serum hs-CRP 
level and knee complaint), the HRs (95% CIs) were 1 in the lowest tertile 
(reference), 1.28 (0.78-2.10) in the middle tertile, and 1.38 (0.73-2.62) in the 
highest tertile, p-value for trend being 0.31 (Table 21). No significant associations 
were noted. 

Table 21. Adjusted HRs with their 95% CIs for incident knee OA leading to 
hospitalization according to serum hs-CRP and dietary Mg intake (tertiles) in full model 
in Study IV. 

Factor All Cases OR 95% CI 

Hs-CRP, mg/L     

 < 1.0 2973 116 1  

 1.0–3.0 1214 7 1.35 0.90-2.03 

 > 3.0 766 22 1.31 0.80-2.13 

Mg intake, mg/day     

 < 362 1644 33 1  

 362–474 1653 41 1.21 0.74-1.99 

 > 474 1656 49 1.40 0.74-2.63 

Abbreviations: HR, hazard ratio; CI, confidence interval; OA, osteoarthritis; hs-CRP, high-sensitivity C-

reactive protein; Mg, magnesium.  
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6 Discussion 

6.1 Key findings 

The objective of the thesis was to assess the significance of serum 25(OH)D 
concentrations, metabolic syndrome and its components, dietary magnesium intake 
and low-grade systemic inflammation for the risk of developing knee OA. Based 
on the study objectives, the key findings of this thesis were as follows: 

Study question 1: Are lower serum 25(OH)D levels associated with an 
increased risk of knee OA? 

The results showed that serum 25(OH)D levels are not associated with the risk of 
clinical knee OA. We found that the season of blood draw was a significant effect 
modifier in the analysis. We observed an unexpected inverse association between 
serum 25(OH)D level and the risk of knee OA during the summer season, and a 
positive correlation between serum 25(OH)D level and the risk of knee OA during 
the winter season, which seems irrational, but further strengthens the finding of no 
significant causal association between serum 25(OH)D levels and the risk of knee 
OA. 

Study question 2: Is having metabolic syndrome or any of its individual 
components associated with an increased risk of knee OA? 

The results showed that metabolic syndrome or its individual components were not 
associated with an increased risk of knee OA. Instead, an increase in the number of 
metabolic syndrome components predicted a reduced risk of clinical knee OA. Of 
the individual metabolic syndrome components, elevated plasma fasting glucose 
level was significantly associated with a decrease in the risk of incident knee OA. 

Study question 3: Are low dietary Mg intake and low-grade systemic 
inflammatory state associated with an increased risk of knee OA? 

Our results showed a significant inverse association between dietary Mg intake and 
serum hs-CRP level. Based on the results, neither lower dietary Mg intake nor 
higher serum hs-CRP levels were associated with an increase in the risk of incident 
clinical knee OA. 
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6.2 Vitamin D status as a predictor of risk of knee OA 

The present study does not support the hypothesis that lower levels of serum 
25(OH)D increase the risk of knee OA. Neither does this study suggest that higher 
serum 25(OH)D levels protect against knee OA. To reinforce the results of Studies 
I and II, in Study III we also entered 25(OH)D as a continuous variable. Moreover, 
in this analysis the association between higher 25(OH)D levels and the risk of knee 
OA was nonsignificant, which also fails to support the hypothesis. 

The earliest large-scale prospective study of the relation of serum levels of 
vitamin D with progression of knee OA was published more than 20 years ago and 
found both vitamin D intake and serum vitamin D levels to be associated with an 
increased risk of radiographic knee OA progression and osteophyte formation. 
However, it found no association between intake or serum levels of vitamin D and 
incidence of knee OA (McAlindon, Felson, et al., 1996). Since then, more 
prospective studies on the association of 25(OH)D and the risk of knee OA have 
been published and the results have been conflicting; low levels of serum 25(OH)D 
have been associated with a higher risk of knee OA progression in some studies (F. 
F. Zhang et al., 2014), but not in others (Felson, Niu, Clancy, Aliabadi, et al., 2007). 
One large-scale prospective study (Bergink et al., 2016) showed no significant 
association between serum 25(OH)D level and either incident radiographic knee 
OA or incident knee joint space narrowing. The study also included a meta-analysis 
of the associations between 25(OH)D and knee OA, which found the evidence of 
an association between low vitamin D levels and the risk of knee OA to be 
conflicting. Yet there is evidence, though not fully convincing, of an association 
between serum 25(OH)D levels and radiographic knee OA progression. Evidence 
of the effect on knee OA incidence is limited (Bergink et al., 2016). As mentioned 
previously, knee OA incidence should be preferred over progression as an outcome, 
as knee malalignment may be a high-impact and not easily controllable effect 
modifier in already osteoarthritic knees. Therefore, the evidence of serum 25(OH)D 
levels being associated with knee OA progression should be interpreted with some 
caution.  

The significant interaction between serum 25(OH)D and season of blood draw 
in Study I merits attention. Our results suggest that 25(OH)D is directly associated 
with knee OA during the summer season when there is more sunlight exposure in 
Finland, and that this association is inverse during the winter season. No prior 
hypothesis regarding effect modification had been made, and these results may be 
due to chance. However, as serum 25(OH)D levels may be determined by different 
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factors during different seasons and sunlight accessibility, it is possible that this 
interaction might be caused by serum 25(OH)D being associated with certain 
lifestyle factors, such as outdoor activities, which are associated with the risk of 
developing knee OA. Regardless of the reasons for this detected interaction, this 
finding supports the interpretation that the association between serum 25(OH)D 
and knee OA is not likely to be causal.  

In conclusion, the overall evidence that serum 25(OH)D is a significant risk 
factor for knee OA is still unconvincing, which supports the results of this study. 

6.3 Metabolic syndrome and its individual components as 
predictors of risk of knee OA 

In Study III, the presence of metabolic syndrome at baseline was not associated 
with an increased risk of incident clinical knee OA, even after adjustment for BMI 
and a comprehensive set of other potential confounding factors. Most previous 
studies (Engström et al., 2009; Han et al., 2013; Hellevik et al., 2018; Sanchez-
Santos et al., 2018; Shin, 2014; Visser et al., 2015) are in line with the present study. 
A recent systematic review (S. Li & Felson, 2018), summarizing the current data, 
suggested that metabolic syndrome is not significantly associated with knee OA. 

Central obesity is associated with BMI, which is widely accepted as a risk 
factor for knee OA. In two previous prospective studies, the association between 
waist circumference and knee OA persisted after adjustment for BMI (Engström et 
al., 2009; Hussain et al., 2014). In most previous studies (Abbate et al., 2006; Davis 
et al., 1990; Han et al., 2013; Hochberg et al., 1995; Niu et al., 2017; Sanchez-
Santos et al., 2018; Shin, 2014; Visser et al., 2015), the association between central 
obesity and the risk of knee OA or total knee replacement due to OA attenuated 
after adjustment for BMI. The present study is in line with most previous studies, 
as the results suggest that central obesity does not independently predict the 
development of knee OA. The evidence of an association between adiposity 
distribution and the risk of knee OA is still rather speculative. A review by Chang 
et al. (Chang et al., 2018) suggested that systemic and local adipose tissue might 
play different roles in knee OA pathogenesis, but it is still unclear whether this is 
relevant, as is the mechanism behind this possible phenomenon. As a continuous 
variable, triceps but not subscapular skinfold was significantly directly associated 
with the risk of knee OA, which might support the idea of different adipose patterns 
playing different roles in OA pathogenesis.  
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It has been suggested that hypertension might predispose to OA via vascular 
pathology. Though cartilage is avascular, vascular pathology might still affect 
cartilage nutrition and might also cause changes in other joint tissues that are 
involved in the disease process (Chang et al., 2018; Findlay, 2007; Lajeunesse et 
al., 2003). The present study, however, does not support the hypothesis that 
hypertension significantly increases the risk of incident knee OA. This is in line 
with many, but not all, previous studies. In some previous prospective studies, the 
association between hypertension and incident knee OA persisted after adjustment 
for BMI and other confounding factors (Hussain et al., 2014; Lo et al., 2017; Niu 
et al., 2017, 2017; Yoshimura et al., 2012), but in some studies, this association 
attenuated after these adjustments (Shin, 2014; Yoshimura et al., 2011). In some 
studies, hypertension was not associated with an increased risk of knee OA, even 
when unadjusted for BMI (Engström et al., 2009; Han et al., 2013; Sanchez-Santos 
et al., 2018). In one study, hypertension was significantly associated with a risk of 
total knee replacement in participants aged under 50, but there was no significant 
association in older age groups (Hellevik et al., 2018). A recent meta-analysis (Y. 
M. Zhang et al., 2017) found an association between hypertension and knee OA, 
but it was suggested that this may possibly be confounded by BMI, as the findings 
of all the included studies, except for one (Yoshimura et al., 2012), attenuated after 
adjustment for BMI. In the present study, as a continuous variable, higher systolic 
blood pressure seems to predict a lower incidence of knee OA, which has not been 
reported previously. This result may be due to chance or confounding by some 
unknown factor and needs replication in further studies to gain credibility.  

The results of the present study do not suggest that elevated plasma fasting 
glucose levels are associated with a higher incidence of clinical knee OA. Instead, 
our study found that elevated plasma fasting glucose levels were associated with a 
reduced risk of incident OA. As a continuous variable also, the trend seemed to be 
similar, albeit statistically non-significant. HOMA-IR levels were not associated 
with knee OA risk either. Some previous studies have reported impaired fasting 
glycemia to be associated with an increased risk of knee OA (Engström et al., 2009; 
Hart et al., 1995; Hussain et al., 2014). A recent systematic review, however, found 
that the current evidence of impaired glucose metabolism being an independent risk 
factor for knee OA was not fully convincing (L. P. Dawson et al., 2018). Some 
theories of the potential association of glucose metabolism and OA pathogenesis 
exist. In a recent review on the association between type 2 diabetes mellitus and 
OA, the authors suggested that hyperglycemia was potentially damaging to 
chondrocytes through oxidative stress and possibly even glucose toxicity (Veronese 
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et al., 2019). When studying equine chondrocytes in vitro, a recent study, however, 
found preserved glucose uptake, hyaluronan synthesis and matrix integrity as well 
as induced anti-inflammatory actions, thus promoting cartilage repair in glucose 
concentrations above physiologic levels (Rotter Sopasakis et al., 2018). 

The present study suggests that neither elevated serum triglyceride 
concentrations nor low serum HDL levels predict incident knee OA. In line with 
our results, serum hypertriglyceridemia and low serum HDL were not associated 
with knee OA in most previous studies (Engström et al., 2009; Han et al., 2013; 
Hart et al., 1995; Hellevik et al., 2018; Sanchez-Santos et al., 2018; Shin, 2014). 
One Japanese study (Yoshimura et al., 2012) found an association between low 
serum HDL level and knee OA and another study found an association among men 
but not among women (Niu et al., 2017). The previous studies combined with the 
results of the present study provide limited evidence of an association between low 
HDL levels or high triglyceride levels and the risk of knee OA. 

The results of the current study suggest that knee complaints significantly 
modified the associations between metabolic syndrome, elevated mean blood 
pressure and elevated serum triglycerides, and the risk of incident knee OA: these 
factors predicted a reduced risk of knee OA only among those with knee complaints 
at baseline. One possible, although highly speculative, explanation for this finding 
could be that participants with comorbidities, of which metabolic syndrome, 
hypertriglyceridemia and hypertension might be indicators, might be less likely to 
be treated for knee OA in hospitals and more likely to be treated in outpatient clinics 
than those who are considered generally healthier. Secondly, physical activity is 
associated with lower triglyceride levels, higher HDL levels, and lower mean blood 
pressure (Gordon, Chen, & Durstine, 2014; Kelley & Kelley, 2018; Wang, Shen, & 
Xu, 2019). Among those with knee complaints, exercise rates might be reduced, 
possibly altering lipid profiles and blood pressure levels: this might be another 
possible explanation for the interaction. The interaction test findings in the present 
study also suggest that elevated serum triglycerides may have a protective effect 
against developing knee OA among overweight participants, but not among normal 
or below normal weight or obese participants. This result does not seem rational. 
In this study, many covariates were tested for interactions, and in this case, it is 
probable that the significant finding is caused by chance, resulting from a great 
number of interactions tested. The results also suggest that central obesity predicts 
a lower risk of knee OA among women, but not among men. This might be 
plausible due to the different adiposity pattern among men and women. It is 
possible that central obesity has a different predictive value of knee OA among 
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women than among men. This finding, however, also needs replication in further 
studies, as it too might have occurred through chance and has not been reported 
previously. We had no prior hypotheses on effect modification and these findings 
occurred as results of routine interaction testing. 

6.4 Dietary Mg intake and systemic low-grade inflammatory state 
as predictors of risk of knee OA 

Our results do not suggest that lower dietary Mg intake or high serum hs-CRP are 
associated with an increase in the risk of incident clinical knee OA. In line with 
previous studies, our results suggest an inverse association between Mg intake and 
hs-CRP level. 

Two cross-sectional studies (Qin et al., 2012; Zeng et al., 2015) have previously 
observed a slight association between lower dietary Mg intake and knee OA but the 
results have remained statistically non-significant. In both of these studies, dietary 
Mg intake was assessed by using an FFQ and knee OA was diagnosed 
radiographically. The cross-sectional design of these studies means they were 
unable to show any causalities behind the associations found between dietary Mg 
intake and knee OA. No prospective study has previously reported an association 
between dietary Mg intake and incident knee OA. It is biologically plausible that 
Mg intake might contribute to the development of knee OA, but the pathway is 
unclear. The most widely accepted theory is that they are linked through low-grade 
systemic inflammation, which has been suggested to play a role in OA. Another 
suggested pathway of the possible association between Mg and OA is through 
direct effects of Mg on cartilage tissue. It has been suggested that Mg inhibits 
chondrocalcinosis and affects chondrocyte differentiation and viability at an 
intracellular level. However, the intracellular pathway remains unclear (Y. Zhang, 
Xu, Qin, & Jiang, 2016). At this stage, taking the present study into consideration, 
there is no convincing evidence that lower dietary Mg intake is an independent risk 
factor for knee OA. 

Serum hs-CRP is considered the most sensitive biomarker for low-grade 
systemic inflammation. Some studies have suggested that elevated serum hs-CRP 
predicts the cartilage loss associated with OA, as well as poorer outcomes after 
total knee replacement (Pelletier et al., 2010; Sharif, Shepstone, Elson, Dieppe, & 
Kirwan, 2000; Smith et al., 2012). However, a systematic review of biomarkers for 
OA (Hosnijeh et al., 2015) found evidence that CRP may be a significant predictor 
of OA to be inconclusive.  
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Some previous observational studies (King et al., 2005; Song et al., 2005) and 
a meta-analysis and a systematic review (Dibaba et al., 2014) suggest that dietary 
Mg intake is inversely associated with serum CRP/hs-CRP levels. Evidence seems 
to exist of an association between Mg deficiency and the inflammatory/immune 
response, but the underlying process remains unknown. The present study is in line 
with previous studies as we found significantly higher serum hs-CRP 
concentrations among those with lower dietary Mg intake and our study 
substantially adds to previous evidence that lower dietary Mg intake is associated 
with elevated serum hs-CRP levels. 

In the present study, serum hs-CRP levels did not predict a risk of incident knee 
OA. The strong correlation between hs-CRP levels and BMI makes this evaluation 
challenging, and some associations between hs-CRP and OA may be attenuated by 
confounding from BMI (Sowers & Karvonen-Gutierrez, 2010). In the present study, 
however, no significant association was observed, even when unadjusted for BMI. 
Only a few previous longitudinal studies have examined the association between 
serum CRP/hs-CRP levels and the risk of OA, and their results are controversial. 
One study of the Rotterdam cohort (Hosnijeh et al., 2016) observed an association 
between CRP and both incident radiographic knee or hip OA and radiographic knee 
or hip OA progression. In their study, knee and hip OA were studied simultaneously 
rather than separately, which can be considered a limitation given the different risk 
profiles of these entities. Another study by Golightly et al. (Golightly et al., 2011) 
found no association between serum hs-CRP and radiographic knee OA. In the 
study by Shadyab et al. (Shadyab et al., 2018) serum hs-CRP, assessed in quartiles 
or as a continuous variable, was not associated with an increase in the risk of total 
knee replacement due to knee OA. In a Swedish study (Engström et al., 2009), 
higher serum CRP levels were not associated with a higher risk of total knee 
replacement or high tibial osteotomy due to OA. 

In conclusion, the current study suggests that neither lower dietary intake of 
Mg nor higher serum hs-CRP levels are associated with an increased risk of 
incident clinical knee OA. However, in line with previous studies, Mg intake was 
inversely associated with serum hs-CRP levels. Earlier controversial results may 
be explained by the cross-sectional study designs of some studies, as well as 
associations between major OA risk factors and serum hs-CRP levels and dietary 
Mg intake. 



96 

6.5 Methodological considerations 

6.5.1 Strengths of the study 

The large, nationally well-representative and well-characterized population sample 
was a major strength of all the original studies (Heistaro, 2008; Sievers et al., 1989). 
Other major strengths were the prospective design and exceptionally long follow-
up periods. Knee OA is usually a slowly and gradually developing and progressing 
disease and longer follow-up periods are therefore warranted. 

Another strength of the present study was that it had access to information on 
the known major risk factors of knee OA at baseline. The use of register data at 
follow-up allowed for a long follow-up period with minimal loss to follow-up (only 
those who moved away from Finland and were treated in hospitals abroad were lost 
to follow-up), was a great strength of this study. The register data from the Care 
Register for Health Care is national and covers a large majority of Finnish hospitals, 
where patients are treated regardless of their socioeconomic status or insurance 
cover. 

A specific strength of Study I was the repeated standardized clinical 
examination performed by trained physicians at baseline and follow-up, leading to 
good coverage of the baseline and incident knee OA cases. Another strength of the 
study was that the reliability of the clinical diagnosis of knee OA and the agreement 
between clinical and radiographic diagnoses were tested and proved acceptable 
(Toivanen et al., 2007). 

A strength of Studies I and II was the presence of lower serum 25(OH)D 
concentrations in the study population. This was probably mostly due to the 
Northern latitude and the resulting limited amount of sunlight during the winter 
period in Finland. Lower serum 25(OH)D has become rare in Finland in the last 
two decades after vitamin D fortification of foodstuffs began in December 2002. 

6.5.2 Limitations of the study 

The most severe limitation of the study, which affected all the original studies, was 
weak statistical power due to the small amount of incident knee OA cases, causing 
wide confidence intervals of the risk estimates. No specific power estimation was 
made at baseline, as the focus of the health survey included several public health 
issues and not only knee OA. Another major limitation of the study was the use of 
register data as an outcome in three of the studies (Studies II–IV). Therefore, the 
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follow-up covered only knee OA cases admitted to specialized healthcare. Many 
less severe cases of knee OA are, however, treated in outpatient clinics or 
occupational health services, and thus our follow-up probably does not represent 
all people with knee OA. Comorbidities and symptom severity may therefore be 
significant effect-modifiers in these studies, and could not be completely accounted 
for in this setting. Diagnoses of knee OA given at specialized healthcare units are, 
however, probably valid as the Finnish Current Care Guidelines recommend the 
use of the American College of Rheumatology clinical/radiographic diagnosis 
criteria, and these Guidelines are widely used in Finnish specialized healthcare for 
establishing diagnoses. Some misdiagnoses among incident knee OA cases are, 
however, still possible. Some knee OA cases may also have been missed. Due to 
the utilization of the Care Register for Health Care data set, which covers all public 
hospitals and many of the private sector healthcare units in Finland, it is likely that 
the present study included the majority of the knee OA patients diagnosed in 
Finnish specialized healthcare during the follow-up period. These knee OA 
diagnoses probably include both tibiofemoral and patellofemoral OA cases, which 
could not be separated in this study. 

The reliability of the clinical diagnosis of knee OA and the agreement between 
clinical and radiographic diagnoses was moderate in the quality estimations that 
were carried out as part of the field examinations, utilized at baseline in Studies I–
IV and the follow-up examination in Study I (Toivanen et al., 2007). Even though 
the reliability of the baseline diagnosis of knee OA proved moderate, some 
participants with early knee OA having been missed by the physicians at baseline 
cannot be ruled out. The criteria used at baseline are also not in line with the 
currently recommended American College of Rheumatology clinical/radiographic 
classification criteria, but it is noteworthy that these recommendations were made 
after the baseline health survey (Altman et al., 1991, 1986). Some incident knee 
OA cases may also have been induced by a traumatic injury that took place during 
the follow-up, and this we could not account for. 

The possibility of residual confounding cannot be ruled out, despite adjustment 
of the results for a wide set of potential confounding factors, as was the case in the 
present study. Significant confounding factors that were not yet known are also 
possible and could not be accounted for. 

As a common feature of prospective cohort studies without repeated 
measurements of the studied risk factors and potential confounding factors, 
especially studies with a long follow-up period, as in the case of the present study, 
the study participants’ way of life was likely to have changed during the follow-up, 
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potentially leading to alterations in the confounders and studied potential risk 
factors. This was a limitation in Study II in particular, as vitamin D fortification in 
fluid milk products and fat spreads in Finland was begun during the follow-up in 
December 2002. This quite probably led to changes in dietary vitamin D intake in 
the study population during follow-up. Serum 25(OH)D levels have increased in 
the Finnish population since the start of vitamin D fortification in these specific 
foodstuffs, as in the Health 2000 survey the prevalence of serum 25(OH)D 
deficiency (< 50 nmol/L) was 55% among men and 57% among women, and in the 
Health 2011 survey 10 years later only 9% among both men and women (Itkonen, 
Erkkola, & Lamberg-Allardt, 2018). The mean serum 25(OH)D levels increased 
significantly during both the winter and other seasons, in all parts of Finland, 
regardless of BMI, physical activity level, educational status and smoking status 
(Itkonen et al., 2018). In the National FinDiet survey in 2012, mean serum 
25(OH)D was 63 nmol/L among men and 67 nmol/L among women (Raulio et al., 
2016) and in the Health 2011 survey, the mean serum 25(OH)D in the whole study 
population was 65 nmol/L (Jääskeläinen et al., 2017). In the Health 2000 survey, 
mean serum 25(OH)D was 47.6 nmol/L among men and 47.5 nmol/L among 
women (Itkonen et al., 2018). 

Vitamin D is associated with all major knee OA risk factors apart from knee 
injuries, and female gender and is also associated with physical activity, muscle 
strength, quality of life, bone density and common health outcomes (Muir & 
Montero-Odasso, 2011; Renzaho, Halliday, & Nowson, 2011; Stockton, 
Mengersen, Paratz, Kandiah, & Bennell, 2011; Urquhart et al., 2011). Therefore, 
showing that vitamin D is an independent risk factor for knee OA is difficult. This 
also applies to dietary Mg intake, studied in Study IV, which in our study was found 
to be related to all major risk factors of knee OA, apart from traumatic injuries and 
age. The close relation of CRP levels to BMI is also a challenge (Sowers & 
Karvonen-Gutierrez, 2010), as BMI is also a major risk factor for knee OA. 

A specific limitation of Study III was the absence of information on waist 
circumference at baseline, which could, however, be approximated with the 
utilization of subscapular to triceps skinfold ratio. 

A specific limitation of Study IV was the availability of only questionnaire-
based information on dietary Mg intake. Age, gender and BMI have previously 
been associated with alterations in the rate of energy intake underreporting. (Braam, 
Ocké, Bueno-de-Mesquita, & Seidell, 1998; Hirvonen, Männistö, Roos, & Pietinen, 
1997; Kretsch, Fong, & Green, 1999; Lührmann, Herbert, & Neuhäuser-Berthold, 
2001). The dietary Mg intake in the FFQ used in Study IV was, however, 
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sufficiently representative of actual food records (Männistö et al., 1996; Paalanen 
et al., 2006). Another limitation of Study IV was the small number of participants 
with low dietary Mg intake levels. This is probably explained by the good 
nutritional level and the broad use of food items rich in Mg in Finland, such as 
cereal and dairy. 

6.6 Future prospects 

Further large-scale prospective studies are warranted, with long follow-up periods, 
repetitive measurements of the potential systemic, metabolic and dietary risk 
factors and standardized, both radiological and clinical, diagnostic criteria of 
incident knee OA. The results should also be repeated in several populations. 
Epidemiologic studies test hypotheses, but the actual clinical utilization of the 
obtained knowledge requires clinical trials on the potential risk factors. The present 
study does not lend support to clinical trials of the studied potential risk factors, 
such as vitamin D or Mg supplementation trials on knee OA patients, since it does 
not suggest significant associations with the risk of knee OA. In our study, serum 
25(OH)D level seemed to predict knee OA risk differently depending on the season 
of blood draw (inverse relation during summer season and direct relation during 
winter season), and this potential effect modification should be taken into account 
in further similar study settings. The replication of this finding can no longer 
reasonably be attempted in the Finnish population, as the seasonal changes in serum 
25(OH)D levels are minimal after the vitamin D fortification of foodstuffs. It could 
only be attempted in other populations with more seasonal variation in vitamin D 
levels. Further studies are needed to test whether elevated plasma fasting glucose 
levels and the accumulation of metabolic syndrome components actually predict a 
decreased risk of knee OA. 
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7 Conclusions 
This thesis studied the risk factors for knee OA. Based on the findings of the studies 
described here, the following main conclusions can be drawn: 

– Low levels of serum 25(OH)D do not predict an elevated risk of clinical knee 
OA. 

– The season of blood draw seems to be a significant effect modifier on the 
association of serum 25(OH)D level and the risk of knee OA, which should be 
taken into account and merit attention in further studies. 

– Having metabolic syndrome or any of its individual components does not 
independently increase the risk of clinical knee OA. 

– Dietary Mg intake is not significantly associated with the risk of clinical knee 
OA. 

– Higher serum hs-CRP levels do not significantly increase the risk of clinical 
knee OA. 
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