“It is better to be vaguely right than exactly wrong.”

Carveth Read
(or John Maynard Keynes)
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Summary
Mechanical factors such as BMI (body mass index), leisure time physical activity and workload,
are of importance in the development of osteoarthritis (OA). Studies showing associations with
OA in non-weight-bearing joints indicate that obesity could influence OA beyond mechanical
effects (41, 236). OA is also more common in women than in men (43, 202). Thus, systemic
mechanisms connected to metabolic, hormonal and gender related factors should be investigated
further (125, 188, 202, 224).
Objectives: The overall aim of this thesis was to identify systemic factors that could be
associated with end-stage OA, defined as total hip (THR) or knee replacement (TKR) due to
primary OA, by addressing the following research questions:
I.

Is metabolic syndrome a risk factor of THR or TKR due to OA?

II.

Does thyroid function influence the risk of THR or TKR due to OA?

III.

Do reproductive history and hormonal factors influence the risk for THR or TKR due
to OA?

Methods: We linked baseline data from the Nord-Trøndelag Health Study (HUNT) to the
Norwegian Arthroplasty Register (NAR) in order to identify TKR or THR due to primary OA.
Cox proportional hazards models were used to estimate hazard ratios (HRs). Included
confounders were age, sex, BMI, smoking, physical activity, education and diabetes.
Results and conclusions
I.
We found an increased risk of TKR in men <50 years with hypertension, and in both
sexes <70 years with increased waist circumference. Apart from this, neither
metabolic syndrome nor its components were associated with increased risk of THR
or TKR due to primary OA.
II.

No association was found between either low or high thyroid function and THR or
TKR.

III.

We found that higher age at menarche reduced the risk of TKR. Past users of
systemic hormone replacement therapy (HRT) were at higher risk of TKR compared
to never users. Parity did not increase the risk of THR or TKR.
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Summary in Norwegian
Systemiske risikofaktorer for alvorlig artrose i hofte og kne: En epidemiologisk studie fra
HUNT og Nasjonalt Register for Leddproteser
Mekaniske faktorer, slik som BMI (body mass index), fysisk aktivitet og arbeidsbelastning, kan
påvirke risikoen for å få artrose i hofter og knær. Men noen studier har vist at overvektige også
har en økt risiko for å få artrose i ledd som ikke er vektbærende. Det er derfor mulig at overvekt
kan påvirke artrose på andre måter enn kun gjennom direkte mekanisk trykk på leddet. Artrose er
også mer vanlig hos kvinner. Vi trenger derfor å finne ut mer om hvordan systemiske faktorer,
som metabolisme, stoffskifte og kjønn, påviker risikoen for artrose.
Målet med denne doktorgraden var å finne systemiske risikofaktorer som har en sammenheng
med alvorlig artrose, definert som totalprotese i hofte eller kne på grunn av artrose. Vi ønsket å
finne svar på følgende forskningsspørsmål:
I.

Er metabolsk syndrom en risikofaktor for totalprotese i hofte eller kne?

II.

Påvirker stoffskifte (thyroideafunksjonen) risikoen for totalprotese i hofte eller kne?

III.

Påvirker reproduktiv historie og hormonelle faktorer risikoen for totalprotese i hofte
eller kne?

Vi koblet data fra Helseundersøkelsen i Nord-Trøndelag (HUNT) til Nasjonalt Register for
leddproteser for å kunne identifisere hvem som senere fikk totalprotese i hofte eller kne på grunn
av primær artrose. Analysene ble justert for alder, kjønn, BMI, røyking, fysisk aktivitet,
utdanning og diabetes.
Resultater og konklusjoner:
I.

Vi fant en økt risiko for totalprotese i kne hos menn under 50 år med høyt blodtrykk,
og hos både kvinner og menn under 70 år med økt bukomfang. Bortsett fra dette fant
vi ingen sammenheng mellom metabolsk syndrom og totalprotese i hofte eller kne.

II.

Vi fant ingen sammenheng mellom hverken lavt eller høyt stoffskifte og totalprotese i
hofte eller kne.

III.

Vi fant at en høyere alder ved første menstruasjon (menarke) gav en redusert risiko
for kneprotese senere i livet. Tidligere bruk av østrogentilskudd økte risikoen for
kneprotese. Antall barnefødsler påvirket ikke riskoen for hverken hofte- eller
kneprotese.
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Background
Osteoarthritis (OA) in the hip and knee is the most common joint disease. It is associated with
substantial morbidity (122). The Global Burden of Disease Study 2015 reported that OA had
increased the total disability-adjusted life-years by 35% and age-standardized disability-adjusted
life-year rates by 4% between 1990 and 2015 (42). Total joint replacement (TJR) reduces OArelated pain and disability as well as health care costs (80). However, the TJR procedure may
result in serious complications and the lifespans of the prostheses might vary (64). There is no
effective way to prevent the onset or progression of this disease (65, 208), which emphasizes the
importance of identifying modifiable risk factors. A better understanding of risk factors could
help us to target effective public health strategies and generate new hypotheses about the
underlying mechanisms of OA.

Defining OA
Radiographic OA is most commonly graded by the Kellgren-Lawrence (KL) system, which
scores OA severity on a scale of 0-4. Definite radiographic OA is defined as KL grade ³2 (105).
Magnetic resonance imaging (MRI) has made it easier to visualize joint structures which are not
visible on radiographs. An MRI definition of OA has been proposed, but it has yet not been
validated (89).
The definition of symptomatic OA includes the presence of radiographic OA and the
symptoms pain, aching or stiffness in the joint. Not all individuals with radiographic OA have
symptoms, and thus not symptomatic OA.
Severe OA symptoms, together with manifest radiographic OA with KL grade ³2, is
usually considered an indication for TJR by orthopedic surgeons. This thesis used total hip
replacement (THR) or total knee replacement (TKR) due to OA as an indicator of severe OA.

Prevalence and incidence of OA and TJR
The prevalence of OA in Norway has been reported to be 5.5% for the hip and 7.1% for the
knee. These figures were obtained by the item: “Have you been diagnosed with osteoarthritis in
the hips, knees or hands by a medical doctor or by x-ray?”(70). In a US population, agestandardized prevalence of radiographic OA (KL grade ³2) in people ³45 years has been
reported to be 28% for both knee and hip in the Johnston County Osteoarthritis Project (98, 99).
The prevalence of symptomatic hip OA and knee OA in people ³45 years in the Johnston County
cohort was 10% and 16%, respectively (98, 99). In the Beijing Osteoarthritis study, the agestandardized prevalence of radiographic hip OA among Chinese elderly subjects was 80-90%
17

lower than in white US elderly subjects (155). Radiographic knee OA was, however, more
prevalent among Chinese women than Caucasian women (46.6% vs. 34.8%) (243).
In a US population, the lifetime risk of symptomatic knee OA has been reported to be
around 40% in men and 47% in women (149). The age- and sex-standardized incident rates for
symptomatic hip and knee OA have been reported to be 88 and 240 cases per 100 000 person
years, respectively. The incidence rates rise markedly after the age of 50, and then level off after
70 years of age (135).
THR or TKR is indicated in patients for whom conservative therapy is no longer
sufficient for controlling OA pain (196). In Norway, the lifetime risk of THR due to OA in 2013
was 16.0% for women and 8.3% for men (Figure 1) (3). Correspondingly, the lifetime risk for
TKR due to OA in 2013 was 9.7% for women and 5.8% for men (2). Lifetime risk of TKR has
also been increasing more rapidly than THR. In 2016, the mean age for receiving a primary TKR
was 68.9 years and 69.0 years for a primary THR (Figure 2).

Figure 1: Lifetime risk of THR and TKR in 2003 and 2013 in Norway, by sex. Numbers from Ackerman et al. (2, 3).
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Figure 2: Age distribution in those who received a THR or TKR in Norway between 1995 and 2005. Numbers from
NAR.
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The incidence of THR or TKR is low for people <50 years of age, but rises sharply
thereafter, and decreases again after 70 years of age (Figures 3 and 4). TKR has been performed
less often in Norway than the other Nordic countries, and, in contrast to many other Western
countries, the incidence of TKR in Norway has been lower than THR. However, the 2017 report
from the NAR showed that this relative difference between THR and TKR incidence has
diminished in recent years (Figure 5) (1).These trends were also found in a recent study which
reported lower incidence of TKR in Norway compared to the other Nordic countries in the
period between 1997 and 2012, but an overall increase in TKR incidence in all Nordic countries
(Figure 6) (158). It is expected that the incidence will to continue to rise in the coming decades;
this could be due to an ageing and more obese population, broadened indications, less acceptance

Incidence THR per 100 000

of pain and more active elderly people.
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Figure 3: Age and sex specific incidence rates of THR per 100 000 inhabitants in Norway from 1995 to 2006.
Numbers from Havelin et al. 2009 (79).
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Figure 4: Age and sex specific incidence rates of TKR per 100 000 inhabitants in Norway from 1995 to 2006.
Numbers from Robertsson et al. 2010 (179).
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Figure 5: Number of THRs and TKRs due to OA per year in Norway. Numbers from NAR.

Figure 6: Comparing incidence of TKR + unicompartmental knee replacement per 100 000 inhabitants in
Scandinavian countries in persons >30 years between 1997 and 2012. Numbers from Niemelainen et al. 2017 (158).

Risk factors
OA was previously thought to be a normal consequence of ageing, leading to the term
degenerative joint disease. OA is now thought to be the result of the complex interplay of several
factors (39). These can be divided into systemic factors that act at a systemic level on all relevant
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joints, and local factors that act on a particular joint (153, 164). This thesis addresses the factors
of sex, metabolic syndrome and thyroid function.
Systemic risk factors
Age
Age is the most important risk factor for OA in both the hip (40) and the knee (194). This could
be due to a reduction in the regenerative capacity of joint tissue and a proxy for accumulation of
risk factors (153).
Gender
OA is more common in women than in men (43, 202), and the relative risk of developing OA for
women compared to men has been reported to be 2.6 after adjustment for age, weight and
smoking (43). Women with OA are also more likely to experience rapid structural damage in the
joints and undergo total hip arthroplasty (133). There may be biomechanical differences between
genders that could contribute to this difference: A wider pelvis and narrower step width in
women may increase mechanical loading on the female knee (178).
The increase of OA incidence after menopause has led to the hypothesis that the loss of
estrogen unmasks the symptoms of OA by enhancing pain sensitivity (153). However, results
have been conflicting: Hormone replacement therapy (HRT) has been shown to have a protective
effect on OA in some studies (44, 201, 232), while others have found it to have no effect (48,
103, 154, 242), or even adverse effects (125). Increasing parity has been reported as a risk factor
for radiographic OA in the knee (231) as well as THR and TKR (125). However, some studies
have not found any association between parity and radiographic joint space narrowing,
osteophytes or changes in either cartilage volume or cartilage defects (228). A large, prospective
cohort study reported that low age at menarche increased the risk of TKR (125). The use of oral
contraceptives has not been associated with OA in most studies (44, 185, 186, 228), except one
that reported a possible increased risk of THR (216). The reasons for increased risk of OA and
TJR in women remain unclear, and more research is needed to clarify a possible association
between reproductive history/hormonal factors and OA.
Obesity
Obesity increases the load on weight-bearing joints and is a more important risk factor for
symptomatic OA in the knee than in the hip (26, 52, 175). A meta-analysis showed that the risk
of knee OA in obese individuals is 2.96 times higher than in normal-weight individuals (26).
Another meta-analysis by Jiang et al. found that BMI was positively associated with knee OA
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defined by radiography and/or clinical symptoms (Relative risk (RR) 1.25 and 1.54,
respectively). Obesity is also associated with the progression of radiographic knee OA (175), and
BMI has been reported to be associated with the risk of THR and TKR due to OA in Norwegian
(13, 15, 58), Swedish (129) and Australian cohorts (221).
Metabolic syndrome
Biochemical changes associated with obesity may accelerate OA beyond the direct effect of
mechanical loading as described above (115, 171). Obesity could also be associated with both
radiographic and symptomatic hand and wrist OA; indicating a systemic effect of obesity on
non-weight-bearing joints (32, 163). An association between metabolic syndrome and OA has
been reported, and metabolic OA has therefore been hypothesized as a subtype of OA (188,
244).
Metabolic syndrome is a cluster of components associated with increased risk of
cardiovascular disease (8). There are various, slightly different definitions, but according to the
Joint Interim Statement it includes increased waist circumference, high blood pressure, elevated
triglycerides, reduced high-density lipoprotein (HDL) and elevated serum glucose or diabetes
(Table 1) (8).
Table 1: Criteria for each component of metabolic syndrome according to the Joint Interim
Statement (8).
Component

Criteria

Waist circumference (cm)

≥88 in women
≥102 in men

Blood pressure (mmHg)

Systolic blood pressure (SBP) ≥130 or
diastolic blood pressure (DBP) ≥85 or
hypertensive medication

Triglycerides (mmol/L)

≥1.7

HDL cholesterol (mmol/L)

<1.3 in women
<1.0 in men

Fasting serum glucose (mmol/L)

≥5.6 or diabetes

Due to the high prevalence of these components among people with OA, it has been
suggested that metabolic syndrome may influence the development of OA independent of BMI
(22, 81). This could be explained by shared mechanisms in the etiologies of OA and metabolic
syndrome: Inflammation, oxidative stress, common metabolites and endothelial dysfunction
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(Table 2) (244). However, OA and metabolic syndrome may simply share common risk factors
such as aging and obesity (146).
Table 2: Possible biological mechanisms between each of the metabolic syndrome components
and OA. Based on figure from Courties et al. (37).
Obesity

Meta-inflammation (adipokines, cytokines, free fatty acids)
Mechanical stress

Hypertension

Subchondral bone vascular ischemia

Dyslipidemia

Cholesterol/high oxidized-LDL (Increased local transformation of growth
factor-b (TGF-b) production and synovial macrophages activation)

Impaired glucose tolerance/

Insulin resistance (increased catabolic effect of joint inflammation)

Diabetes

High Glucose Exposure (increased oxidative stress, advanced glycation
end products (AGEs), cytokines, proteolytic enzymes)

The results of observational studies in humans have been inconsistent. One Australian
prospective cohort study found that a cumulative number of metabolic syndrome components,
central obesity and hypertension were associated with increased risk of TKR due to OA
independent of BMI, but no associations were observed with THR (146). However, the Malmö
Diet and Cancer Study found that although central obesity as a component of metabolic
syndrome was associated with increased risk of knee OA independent of BMI, metabolic
syndrome and its components were not associated with hip OA (47). Other studies have reported
that the risk of knee OA increases with the number of metabolic syndrome components (234). In
contrast, a recent study reported that, after adjustment for BMI, neither metabolic syndrome nor
its components were associated with incident knee OA (159). A meta-analysis including 8
studies with a total of 3202 cases and 20 968 controls found that the available evidence supports
the suggestion that metabolic syndrome modestly increases the risk of knee OA (pooled adjusted
Odds ratio (OR) 1.05) (218). Nevertheless, due to relatively small numbers in each study, more
large-scale prospective cohort studies are needed to further verify this potential association.
Thyroid function
Thyroid hormones play a role in the remodeling and maintenance of bone, and may also
influence joints and articular cartilage (230). The pituitary gland releases TSH (thyroid
stimulating hormone) which stimulates the thyroid gland to release the thyroid hormones T4/T3
(thyroxine/triiodothyronine), which in turn inhibit the release of TSH through a negative
feedback loop (Figure 7). A low level of TSH would therefore indicate hyperthyroidism (high
T4/T3), and a high level of TSH would indicate hypothyroidism (low T4/T3). The main hormone
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secreted by the thyroid gland is T4, which is converted into the physiologically active T3 in
peripheral tissue.

Figure 7: The pituitary – thyroid negative feedback loop.

Genetic studies have suggested that deiodinase-regulated local availability of the active
thyroid hormone T3 plays an important role in cartilage maintenance and repair (214). Further
data have indicated that increased intracellular T3 availability increases the risk of OA, leading
to the hypothesis that reduced T3 availability protects joints from developing OA (223). A phase
III clinical trial investigating the use of eprotirome, a thyroid receptor β-agonist, for treatment of
hypercholesterolemia (114), found indications of dose-related articular cartilage damage in dogs
that had been treated for 12 months (197). This was surprising, as eprotirome is a liver-specific
thyroid receptor β-agonist, but it indicates that thyroid hormones have an effect on cartilage
(116) and could play a role in the pathogenesis of OA. An older cross-sectional study did not
find any association between radiological knee OA and thyroid status measured by TSH (33). To
the best of our knowledge, no prospective population study has investigated the association
between thyroid function and OA.
Genetics
There is a strong genetic susceptibility for OA (106), accounting for up to half of the risk of its
development (85, 200). The heritable component of OA has also been estimated to be stronger
for hip than for knee OA (132). Genome-wide association studies, like the Arthritis Research UK
Osteoarthritis Genetics (arcOGEN) Consortium, have identified 11 loci associated with OA (16).
Pain severity of OA may also have genetic components and genes associated with pain
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sensitivity (COMT-gene) have been found to be associated with hip and knee OA (211, 212).
Single-nucleotide polymorphism has been associated with several other known risk factors, like
hip shape, BMI and bone mineral density (85). Genetic components could therefore influence the
risk of OA both through direct effects, and through OA risk factors. Increased pain sensitivity
could increase the risk of receiving a TJR.
Bone mineral density (BMD)
High BMD may be associated with increased risk of incident knee OA (73, 156). Low BMD has
been associated with reduced hip joint space, as a sign of OA (92). A possible explanation is that
individuals with OA may decrease their level of physical activity, which could lead to low BMD.
Another explanation for this apparent paradox could be that even if the subchondral bone density
in a joint with OA has increased, the whole bone might be less mineralized (123).
Nutrition
The effects of dietary factors have so far been inconclusive. The associations between vitamins
C, D, E and K and OA have been conflicting (153). Furthermore, a recent cross-sectional study
found no clear association between the antioxidants carotenoid or selenium and radiographic
knee OA (124).
Smoking
There is conflicting evidence regarding the associations between smoking and OA, but studies
have found a protective effect when using radiographic knee OA (51) and TKR (186) as
outcomes. Meta-analyses have shown an inverse association between smoking and OA onset, but
no association between smoking and OA progression (88, 167). A recent Mendelian
randomization study also showed an inverse relationship between smoking and TJR in current
smokers (97).
Joint-level risk factors
Anatomical factors
Hip dysplasia (reduced acetabular coverage of the femoral head) has been associated with
increased risk of hip OA (7). Loss of concavity at the anterosuperior head-neck junction (Cam
lesion type femoroacetabular impingement) can also increase the risk of developing OA (Figure
8) (5). Subtle abnormalities in hip and femoral head anatomy like less femoral head sphericity,
smaller acetabular and femoral neck anteversion and larger acetabular coverage, may also
increase the risk of hip OA (238). In the knee, tibial and femoral bone morphology may predict
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the development of OA (151). Varus and valgus knee alignment increase the risk of development
and progression of OA (54, 189), and leg length inequality of 1 cm or more has been reported to
increase the risk of knee OA in the shorter limb (76).

Figure 8: Cam lesion type femoroacetabular impingement.

Injury
Previous injuries increase the risk of OA. Cartilage damage makes joints more susceptible to
further injury, and damaged ligaments or meniscus can affect joint biomechanics. Knee injury
increases the risk of knee OA by more than four times (150), possibly through thrombin caused
by bleeding in the joint that can induce cartilage degradation (63). Abnormalities of the meniscus
are also frequently found among patients with OA, but it is common to have no recollection of
any knee trauma (91). In 32 persons with symptomatic OA, 75% had meniscal abnormality on
MRI (23). The data on hip OA after injury are more limited, although substantial risk of
secondary OA after acetabular fractures is well established (210, 215). In a meta-analysis,
previous hip joint injury was found to increase the risk of hip OA (177), but the type of hip joint
injury was not specified.
Physical activity
Poor quadriceps function can increase the risk of knee OA progression (222). Habitual physical
activity has not been shown to affect the risk of radiographic/symptomatic OA (53, 72), but more
vigorous physical activity has (139, 143). High intensity activity during adolescence might
promote the development of cam-type impingement morphology (6, 191). However, most
individuals with abnormal joint biomechanics do not develop OA (5). The results from studies
using TKR and THR as outcome measure have been conflicting: One study found that the risk of
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TKR increased alongside the level of physical activity, but discovered no such association with
THR (220). Other studies found no consistent relationship between physical activity and TKR or
THR (4, 14, 59), apart from a possible protective effect on THR in women (4). The results have
therefore been inconsistent, and this could partly be due to the different definitions, and types, of
physical activity.
Occupation
Some occupational activities may increase the risk of knee OA, especially kneeling and squatting
(94, 95). A combination of obesity and heavy physical activity is associated with an enhanced
risk of radiological knee OA (139) and TKR/THR (14, 59). A systematic review also found an
association between long-term heavy lifting and hip OA (204).
Pathogenesis
It is important to emphasize that OA is a disease of the entire joint and not just the cartilage
(127). As the name implies, the pathogenesis of idiopathic OA is still poorly understood, and it is
difficult to figure out which of the joint tissues is affected first (cartilage, subchondral bone or
synovium). Abnormal or excessive joint loading stimulates joint tissue cells to produce
proinflammatory mediators, increasing joint tissue destruction (19, 50). Systemic low-grade
chronic inflammation initiated by obesity and metabolic disorders has thus been suggested as a
possible pathway to OA, independent of direct weight-bearing (37). The pathogenesis of OA
could therefore be thought of as an interplay between systemic and joint-specific inflammatory
pathways, with cytokines and adipokines in key signaling roles (Figures 9 and 10).
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Figure 9: Interplay between systemic, biomechanical and joint-specific inflammatory pathways in early OA.
Adipokines play a key role between cartilage and synovium. Figure based on Kluzek et al. (109) and Goldring et al.
(66). (MMP: matrix metalloproteinases; ADAMTS: a disintegrin and metalloprotease with thrombospondin-like
motifs).

Figure 10: Central components in the pathogenesis of OA: I. Cartilage; II. Subchondral bone; III. Synovium; IV.
Systemic inflammation. Based on figure from Glyn-Jones et al. (64).
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I.

Cartilage

The cartilage enables gliding of the bones in the joint and is a shock absorber. Its main structural
protein is type II collagen that provides stabilization and tensile strength. Aggrecan and other
proteoglycans drive water into the cartilage to provide compression resistance (64).
Chondrocytes respond to the chemical and mechanical environment and regulate the cartilage
architecture and biochemical composition (30). Activated, they produce several inflammatory
response proteins: Cytokines (IL 1β, IL 6, and TNFα) and matrix-degrading enzymes (matrix
metalloproteinases (MMPs) and a disintegrin and metalloprotease with thrombospondin-like
motifs (ADAMTS)) (64). The innate immune system is activated in OA, and the expression of
complement are abnormally high in OA joints (219). Chondrocytes also express receptors that
bind advanced glycation end products, which accumulate in ageing tissues and lead to catabolic
processes (128, 173).
II.

Subchondral bone

Subchondral bone is highly innervated by sensory nerves and could be one of the main sources
of pain in OA. Thickening of the subchondral bone occurs due to increased production of
collagen that is improperly mineralized, and is also associated with vascular penetration.
Osteophytes form at the joint margins, often at the insertion site of tendons or ligaments.
Subchondral bone remodeling might result from directly increased loading through loss of
cartilage, or as a response to growth factors as the body attempts to repair cartilage.
III.

Synovium

Synovitis and synovial hypertrophy with increased vascularity is common in OA (187). Cells in
the synovium produce hyalorunic acid and lubricin that work as lubricants within the joint, but
this lubricating effect might be reduced in OA joints (20, 130). Synoviocytes also release
inflammatory mediators and degradative enzymes, as described under “Cartilage” (64).
IV.

Systemic inflammation

Why obesity is a risk factor for OA in non-weight-bearing joints is not understood (237), but
low-grade systemic inflammation may be important in its pathogenesis and symptomatology (96,
203). Adipose tissue increases the levels of systemic inflammation. White adipose tissue
produces adipokines (leptin, resistin and chemerin) and inflammatory cytokines (tumor necrosis
factor (TNF), interleukin 1 (IL-1) and interleukin 6 (IL-6)) (126). Proinflammatory factors could
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increase the production of proteolytic enzymes responsible for the degradation of the
extracellular matrix that results in joint tissue destruction. This could theoretically be a
mechanism mediating the association between cardiovascular diseases, diabetes and metabolic
syndrome (87).
Diagnosis
The progression of OA is usually slow, and the problem with using symptoms to define OA is
that they appear only when the disease is advanced (17). Symptoms are preceded by preclinical
structural changes, and non-surgical interventions are probably most effective in this early stage
of the disease. The OA diagnosis can therefore be thought of as a continuum, from the
preclinical molecular changes to symptomatic OA and, for those with severe symptoms, THR or
TKR (Figure 11).

Figure 11: The OA continuum. (Based on diagram from Stefan Lohmander; Lecture 28th of June 2017 at Oslo
University Hospital.)

Biochemical markers
Several biochemical markers have been proposed as markers for early OA, like CTX-II (Cterminal telopeptide of collagen type II) in urine and cartilage oligometric matrix protein in
serum (213). However, their sensitivity and specificity is lower than imaging (64). When these
markers are measured systemically it is difficult to determine which site they originated from
since this is in the preclinical stage, and they have so far had little ability to predict symptoms
(67).
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Imaging
The classic imaging modality for OA diagnostics is plain film radiography. The OA joint is
associated with narrowing of the joint space width, osteophyte formation, development of
subchondral sclerosis and cysts (Figure 12). As previously described, the degree of radiological
OA can be quantified by the Kellgren-Lawrence scoring system (105). The Osteoarthritis
Research Society International (OARSI) have also developed an atlas for individual radiographic
features in OA (11). Joint space narrowing is, however, the most sensitive radiographic finding
in both hip and knee OA, and may be the preferred method for evaluating structural severity of
hip and knee OA in clinical trials (68, 69). MRI is more sensitive than radiographs in detecting
early structural joint changes (71), and is the recommended modality for assessing cartilage
morphology (35). But as asymptomatic structural abnormalities are very common in the older
population, it should not be used as a screening tool for OA (71). Ultrasonography is used more
often for diagnosing OA, with validity increasing as technology improves (104). CT (computer
tomography) has no place in primary OA diagnostics.

Figure 12: Radiographic hip and knee OA. Copyright Dr. Lars Nordsletten; reproduced with permission.

Clinical criteria
Symptoms related to the joint are imperative for the diagnosis of clinical OA. However, despite
being a common disease it can be difficult to diagnose. The criteria from the American College
of Rheumatology (ACR) (9, 10, 233) use joint pain and radiographic and/or laboratory findings
as the basis for defining the diagnosis. These criteria are designed to differentiate between OA
and other forms of arthritis (rheumatoid arthritis/ankylosing spondylitis). Self-reported OA had a
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sensitivity of 73% and specificity of 96% compared to the ACR criteria for knee OA, and a
sensitivity of 81% and specificity of 94% compared to the ACR criteria for hip OA (134, 174).
Osteoarthritis Research Society International (OARSI) Disease State working group
further separate between the structural changes that characterize OA at the joint level (“disease”)
and the patient experience of OA (“illness”) (118). This differentiation is, however, most useful
in a research setting for designing trials and recruitment.

Treatment
Current medical treatments for OA aim to relieve the pain (symptom modifying drugs), rather
than treat the cause of the disease, as no licensed treatments can stop the progression of structural
changes within the joint (structure modifying drugs) (229).
There are several evidence-based guidelines for the treatment of OA from the American
College of Rheumatology (ACR) (84), European League Against Rheumatism (EULAR) (100,
239) and OARSI (137, 240, 241). Although somewhat different, they are all based on the
following principles of prevention and treatment:
1. Primary prevention: Avoiding overweight reduces the risk of OA (13, 15, 60). It is
inexpensive and should be the primary prevention strategy in most cases. Physical
activity could be important for preventing the development of knee OA, but may need to
be modified once structural damage has developed (135).
2. Secondary prevention (non-pharmacological interventions): Weight loss reduces pain and
improves function, and might also be associated with a reduced rate of progression of
structural damage (55, 90, 117, 140, 209). Cochrane reviews have reported that
physiotherapy and exercise programmes for hip and knee OA can improve physical
function and reduce pain (61, 62). The combination of exercise and weight loss have an
additive effect in pain reduction (140). Exercise has also been shown to delay the need
for THR (208).
3. Pharmacological interventions: It is advised to start with topical NSAIDs and/or oral
paracetamol (241). Oral NSAIDs are common oral pharmacological agents used for
treatment of OA, although they can have side effects like gastrointestinal and
cardiovascular complications (135). Intra-articular corticosteroids can only provide shortterm pain reduction for around four weeks (18), and long-term use is associated with
significantly greater cartilage volume loss (138). Hyaluronic acid was shown to have only
a small and clinically irrelevant effect in a recent meta-analysis (184).
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Structure modification: Use of agents that could potentially inhibit or reduce the
structural progression of OA, like chondroitin sulfate and glucosamine sulfate, have not
demonstrated significant effects in meta-analysis (227). Further clinical trials on the
possible structure modifying drug strontium ranelate have been limited due to its possible
association with cardiovascular morbidity (135). Oral bisphosphonates have been
reported to decrease biochemical markers of cartilage degradation, but did not decrease
symptoms or slow radiographic progression (24). Intravenous bisphosphonates may
reduce knee pain and the areal of bone marrow lesions (an early marker of OA) (121). A
recent study also found reduced risk of TKR in knee OA patients who started taking
bisphosphonate (152)
4. Surgery
Arthroscopic knee surgery: Arthroscopic debridement is not indicated as a treatment for
knee OA (108, 193), nor with mechanical locking symptoms (192).
Arthroscopic hip surgery: Recontouring proximal femur to avoid femuroacetabular
impingement has been shown to reduce symptoms and may reduce the risk of future OA
(34).
Microfracture or autologous chondrocyte implantation: Both techniques could slightly
reduce short-term pain. Unfortunately microfracture produces mechanically inferior
fibrocartilage instead of hyaline cartilage, and autologous chondrocyte implantation is an
expensive and technically demanding procedure (74).
Tibial osteotomy: Tibial osteotomy for unloading the compartment of greatest loading
reduces symptoms, and may delay the need for a TKR for up to almost 10 years (199).
Unicompartmental knee replacement (UKR): UKR is appropriate for older patients
because it provides pain relief, but forces a reduction in physical activity. A metaanalysis found no difference in complication rates between tibial osteotomy and UKR
(199).
THR or TKR: Joint replacement is a highly effective treatment for severe hip and knee
OA (Figures 13 and 14) (198). Individuals considering a TJR should be thoroughly
informed about the risks of the procedure and potential severe complications. Patient
comorbidities and other potential risk factors must be taken into consideration. The
criteria for THR or TKR in Norway are long-term OA pain that is not adequately
controlled with conservative treatment, pain during rest and reduced function. Harris Hip
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Score measures hip function and symptoms in patients with OA (Appendix A) (75), and
Oslo University Hospital Ullevål use the following criteria:
Patients <60 years: Harris Hip Score <60
Patients >60 years: Harris Hip Score <70

Figure 13: Placement of a cemented total hip replacement (THR); both the acetabular cup and femoral stem can be
cemented or uncemented independently.

Figure 14: Placement of a total knee replacement (TKR); can be either cemented or uncemented.
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Study aims
The main aim of this thesis was to investigate the association between the systemic factors of
metabolic syndrome, thyroid function and reproductive and hormonal factors, and the risk of
THR or TKR due to primary OA.
Aim of study I: To assess whether metabolic syndrome or its components were risk factors
independent of BMI for subsequent THR or TKR due to primary OA.
Aim of study II: To investigate whether thyroid function was associated with subsequent risk of
THR or TKR due to primary OA.
Aim of study III: To investigate the association between reproductive history and use of
hormonal therapies and the risk of THR or TKR due to OA.
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Methods
Study design
All three studies used a prospective study design (Figure 15).

Figure 15: Prospective study design.

Population
In the Nord-Trøndelag Health Study (HUNT) (226) all inhabitants of Nord-Trøndelag county
aged 20 years or more were invited to participate in three surveys: HUNT1 (1984-1986),
HUNT2 (1995-1997) and HUNT3 (2006-2008) (112) (Figure 16). HUNT4 began in September
2017. HUNT was initially intended to investigate arterial hypertension, diabetes, tuberculosis
and quality of life, but the scope of the study expanded over time. The response rate was 89.4%
in HUNT1, 69.5% in HUNT2 and 54.1% in HUNT3 (an overview of the non-participants is
found in the chapter Discussion). This thesis used data from HUNT2 and HUNT3, as HUNT1
did not collect blood samples. The majority of the population is Caucasian, and in 1995 the
population was 127 000. The county is mostly rural (86).
The participants filled out self-administered questionnaires (25) (full versions of the
questionnaires are available at https://www.ntnu.edu/hunt/data/que). The survey also included a
health examination by trained personnel, including height, weight, waist circumference and
blood pressure. Analyses of the non-fasting blood samples used for this thesis included highdensity lipoprotein cholesterol (HDL), triglycerides and glucose. The survey also collected other
data, and a more comprehensive description can be found elsewhere (86, 120).
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Figure 16: Map of Norway with the Nord-Trøndelag County.

Study population paper I
There were 65 237 (69.5%) participants at baseline in HUNT2 (112), and 63 617 had
measurements of all metabolic syndrome components at baseline. Of these, 956 were excluded
(Figure 17) due to previous joint replacement in the hip or knee (n=796), missing date of
operation (n=158), or emigration during baseline period (n=2). Thus, a total of 62 661 people
(32 990 women and 29 671 men) were included in this study.

Figure 17: Selection of study population in paper I.
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Study population paper II
This study included data from both HUNT2 and HUNT3. In HUNT2 TSH was measured in 35
269 persons; in all women over 40 years old, in a random 50% sample of men over 40 years old
and in a random 5% sample of participants aged 20-40 years. In HUNT3, TSH was measured in
49 179 participants. We included 35 269 participants from HUNT2 and 13 132 new participants
with TSH measurements from HUNT3 (Figure 18). In persons that participated in both HUNT2
and HUNT3, baseline measurements from HUNT2 were used in the main analyses. Among these
48 401 individuals, 10 510 were excluded from analysis. The exclusion criteria included selfreported thyroid disease (hypothyroidism, hyperthyroidism, goiter, other thyroid disease, use of
levothyroxine, carbimazole, previous thyroid surgery or radioiodine therapy) (n=3895), missing
information on BMI (n=364), missing information on smoking (n=962), previous THR or TKR
(n=644), missing date of operation (n=99), emigration during baseline measurements period
(n=1) or self-reported OA at baseline (n=4545). Thus, a total of 37 891 people (22 714 women
and 15 177 men) were eligible for follow-up in this study.
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Figure 18: Selection of study population paper II.
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Study population paper III
This study used data from both HUNT2 and HUNT3. In total, 35 280 women participated in
HUNT2 (75.5% of those invited), and 27 758 in HUNT3 (58.7% of those invited) (112). Our
study included baseline data from HUNT2 or HUNT3 as these surveys included questionnaire
and interview data on reproductive history and covariates. We included women aged ≥30 years
at baseline, and our study population consisted of 11 746 participants from HUNT2, 20 459
participants of both HUNT2 and HUNT3 and 4652 participants from HUNT3 alone (Figure 19).
For those who participated in both HUNT2 and HUNT3, we used baseline measurements from
HUNT3 in order to include as much information as possible on reproductive history and eventual
use of HRT. We excluded women that had undergone bilateral oophorectomy or/and
hysterectomy (n=3710). Bilateral oophorectomy in premenopausal women induces premature
menopause (190), and women who undergo a hysterectomy with ovarian preservation may
almost double their risk of premature menopause compared to women with intact uteri (148).
After also excluding 1183 participants with joint replacement before recruitment, 91 with
missing date of operation, 436 with missing BMI and 1148 with missing information on
smoking, the analyses included 30 289 women.
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Figure 19: Selection of participants paper III.
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Exposures and covariates
Table 3: Exposures paper I
Exposure variables

Criteria 1

Measurement

Waist circumference (cm)

≥88 cm in women or

Waist circumference was measured

≥102 cm in men

horizontally at the height of the umbilicus
to the nearest centimeter, the participant
standing with the arms hanging relaxed.

Blood pressure (mmHg)

Systolic blood pressure (SBP) ≥130 mmHg or

Blood pressure was measured on the right

diastolic blood pressure (DBP) ≥85 mmHg

arm with cuffs adjusted according to the
arm circumference, and after the
participant had been sitting relaxed for
five minutes. Automated measures based
on oscillometry were used 2. Systolic and
diastolic blood pressure was then read
three times with one minute intervals, and
the mean of the second and third readings
was used.

Hypertensive medication

Yes/No

Questionnaire: “Are you taking
medication for high blood pressure?”

Triglycerides (mmol/L)

≥1.7 mmol/L

Non-fasting blood samples were drawn

HDL cholesterol (mmol/L)

<1.3 mmol/L in women or <1.0 mmol/L in

from each participant. Serum levels of

men

triglycerides, HDL cholesterol and

Serum glucose (mmol/L)

≥11.1 mmol/L

4

glucose were analysed on a Hitachi 911
Autoanalyser 3.

Diabetes

Yes/No

Questionnaire: “Do you have, or have
you ever had any of the following
diseases: Diabetes (….)”

Metabolic syndrome

Presence of ≥3 of the following, based on
the criteria above:
Increased waist circumference
Hypertension or hypertensive medication
High triglycerides
Low HDL cholesterol
Elevated non-fasting serum glucose or
diabetes

1

According to the Joint Interim Statement (8).

2

Dinamap 845XT; Critikon, Tampa, FL.

3

Hitachi, Mito, Japan

4

The Joint Interim Statement definition of metabolic syndrome is based on fasting blood samples. In lack of this we used a

modified definition of metabolic syndrome which was also used in previous studies (136, 145), categorizing elevated glucose as
serum glucose ³11.1 mmol/L. This is, however, likely to be a stricter cut-off since it is intended to identify undiagnosed diabetes
(12). The self-reported diagnosis of diabetes in the HUNT study has been validated in a separate study, demonstrating that 96.4%
of self-reported diabetes could be verified in medical files (144).
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Table 4: Exposures paper II
Exposure variables

Use

Measurement

Thyroid stimulating hormone

The participants were placed in five

(TSH)

categories according to their TSH
level: One category indicating
hyperthyroid function (<0.50 mU/L);
three categories within the clinical
reference range (0.50-1.49, 1.5-2.49
and 2.5-3.5 mU/L); and one category

A non-fasting venous blood sample was

indicating hypothyroid function (≥3.5

drawn from each participant.

mU/L) (82).

Concentrations of TSH, free thyroxine

TSH was also analyzed as both a

(fT4) and total triiodothyronine (T3)

continuous variable, and as log-

were measured. 1

transformed continuous TSH
Free thyroxine (fT4) and

Overt hypothyroidism: TSH>4.0

triiodothyronine (T3)

mU/L combined with fT4<8.0 pmol/L)
Overt hyperthyroidism: TSH<0.10
mU/L and fT4>20.0 pmol/L and/or
total T3>2.7 nmol/L 2

1

Samples in HUNT2 were measured at the Hormone Laboratory, Aker University Hospital, Oslo, using DELFIA hTSH Ultra

(sensitivity, 0.03 mU/L; and total analytic variation <5%), DELFIA fT4 (total analytic variation <7%), and AutoDELFIA T3
(total analytic variation <5%), all from Wallac Oy, Turku, Finland. In HUNT3, serum TSH and fT4 were measured at Levanger
Hospital, Levanger, Norway, using Architect cSystems ci8200 (sensitivity, 0.01 mU/l; and a total analytic variation <5%), and
Architect cSystems ci8200 (total analytic variation <6%), respectively, both from Abbott, Clinical Chemistry, USA. The
measurement methods of TSH in HUNT2 and HUNT3 have been compared, with similar results (207), and agreement expressed
by Bland-Altman (27) did not reveal any obvious pattern or deviations. The Norwegian population is considered to have
sufficient iodine intake (102), and the reference range for clinically normal TSH was defined as 0.50 to 3.5 mU/L based on
previous publications from this population (25).
2

This classification by overt hypo- or hyperthyroidism was made possible by the fT4 measurements taken in people whose TSH

levels were <0.20 mU/L or >4.0 mU/L in HUNT2, and in people whose levels were <0.10 mU/L or >3.0 mU/L in HUNT3. Total
T3 was only available in HUNT2 and only measured if TSH levels were <0.20mU/L.
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Table 5: Exposures paper III
Exposures

Use

Measurement

Parity

Nulliparous, 1, 2, 3, 4+ births

HUNT2 questionnaire: How many children have you had?
HUNT3 interview: If you have been pregnant, how many
children have you given birth to? 1

Age at menarche

≤11, 12, 13, 14, ≥15 years

HUNT2 questionnaire: How old were you when you started
menstruating?
HUNT3 interview: How old were you when you began
menstruating (got your period)? 1

Menopausal status

HUNT2 questionnaire: Do you still menstruate? 2

Pre/peri- and postmenopausal

HUNT3 interview: How old were you when you stopped
menstruating? 1
Age at menopause

≤48, 49-51, ≥52 years

HUNT2 questionnaire: How old were you when you stopped
menstruating?
HUNT3 interview: How old were you when you stopped
menstruating? 1

Years of menstruation

Continuous (years)

Age at menopause minus age at menarche

Oral contraceptive (OC)

Never or ever

HUNT2 questionnaire: Have you ever taken birth control

use

Duration of use

pills or the mini pill? 2
For how long did you take contraceptive pills altogether? 2
HUNT3 questionnaire: Do you take or have you taken birth
control pills? 2
How many years in total have you taken birth control pills? 2

Hormone replacement

Never, past and current

HUNT2 questionnaire:

therapy (HRT) use

Local or systemic

Hormone treatment (not birth control): Have you taken

Duration of use

estrogen in any form?
(Tablets/patches and/or estrogen cream/suppositories)
If yes:
How old were you the first time that you were prescribed
estrogen?
For about how many years did you use estrogen?
If you are currently using estrogen, what is the name of the
product?
HUNT3 questionnaire:
Have you ever used medicines containing estrogen?
(Tablets/patches and/or estrogen cream/suppositories)
If yes:
How old were you when you began?
How old are/were you the last time you took/used it?

1

Asked women between 19 and 55 years old in HUNT3.

2

Asked women under 70 years.
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Table 6: Covariates
Covariate

Use

Measurement

Age (years)

Continuous

Age at baseline

Body Mass Index (BMI)

Continuous

HUNT2

(kg/m2)

Weight: To the nearest half kilogram (kg)
Height: Given in whole centimeters (cm)
HUNT3
Weight: Given in kg with one decimal
Height: Given in cm with one decimal
Measurements were taken with the participants
wearing light clothes and no shoes.

Physical activity

The two physical activity variables were

Questionnaire: “How much of your leisure time

combined into one variable indicating

have you been physically active in the last year?”

intensity and duration:

Duration of light physical activity (not sweating

None (no activity)

or out of breath) physical activity (none, <1, 1-2,

Medium (≤2 hours/week light physical

≥3 hours/week)

activity and/or <1 hour/week hard physical

Duration of hard (sweating or out of breath)

activity)

physical activity (none, <1, 1-2, ≥3 hours/week).

Hard (≥3 hours/week light physical activity
and/or ≥1 hour/week hard physical activity)
Education

Highest level of education:

Questionnaire: “What is the highest level of

Primary/vocational (<10 years)

education you have achieved?” 1

Secondary (10-12 years)

Primary school 7-10 years, continuation school,

Post-secondary (³13 years)

folk high school
1-2 years of high school, university qualifying
examination, junior college, A levels
University or other post-secondary education, less
than 4 years
University/college, 4 years or more

Osteoarthritis (OA)

Self-reported OA: Yes or no

Questionnaire:
HUNT2: “Has a doctor ever said that you
have/have had osteoarthritis?”
HUNT3: “Have you had or do you have
osteoarthritis?”

1

Only available in HUNT2.
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Outcome – The Norwegian Arthroplasty Register (NAR)
Outcome in our studies was primary THR or TKR due to OA, as a proxy for severe OA. We
used data from the NAR. Each participant contributed person-years from baseline until a THR or
TKR due to OA, THR or TKR due to other causes, migration, death or end of follow-up
(December 31, 2013), whichever occurred first (Figure 20).

Figure 20: Diagram of timeline for all three studies.
*Censored at date of THR or TKR due to causes other than OA, migration, death or end of follow-up, whichever
occurred first.

The NAR was founded in 1987 by the Norwegian Orthopaedic Association with the
intention of detecting inferior implants, cements and techniques (78). Data on THR has been
collected since September 1987, and on TKR since 1994 (77). It is a nationwide register with
over 95% completeness for primary THRs and TKRs (49). The unique 11-digit identification
number of every Norwegian citizen enabled linkage of HUNT data to the NAR. For each
arthroplasty performed, the orthopedic surgeon submits a standardized form containing
information about the patient, the diagnosis that lead to the arthroplasty, the procedure and the
type of implant used (77). THR or TKR due to sequela from fracture, acute fracture, ligament
injury, meniscal injury, infection, rheumatoid arthritis, ankylosing spondylitis, Perthes’
disease/epiphysiolysis, osteonecrosis of the femoral head or congenital dysplasia were censored.
Participants with previous THR or TKR due to any reason or missing date of operation, were
excluded from the analysis. Only the first joint replacement counted for participants with more
than one THR or TKR during follow-up. The distribution of ages at THR or TKR in our study
population were comparable to the nationwide numbers from the NAR (Figures 21 and 22).
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Figure 21: Age distribution in persons receiving a THR; comparing data from the Norwegian Arthroplasty Register
(NAR) and our study cohort.
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Figure 22: Age distribution in persons receiving a TKR; comparing data from the Norwegian Arthroplasty Register
(NAR) and our study cohort.

Choice of confounders
Confounders are associated with both exposures and outcomes, and in our studies they were
chosen based on previous literature. We mapped possible casual pathways between variables
using directed acyclic graphs (DAGs) (Appendix B) to identify possible confounding pathways
(206). Based on these models, the following confounders were included (Table 7):
Paper I: Age (stratified), sex, BMI (continuous), smoking status (never, former, current),
physical activity (none, medium, hard) and education (primary, secondary, post-secondary
school).
Paper II: Age (continuous), sex, BMI (continuous), smoking status (never, former, current),
diabetes (yes or no) and physical activity.
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Paper III: Age was used as the time scale. Adjusted for BMI (continuous), smoking (never,
former, current), physical activity (none, medium, hard) and other reproductive variables as
appropriate for the individual exposures.
Table 7: Confounding variables by paper
Paper I

Paper II1

Paper III2

Age

X

X

X

Sex

X

X

N/A

BMI

X

X

X

Smoking

X

X

X

Physical activity

X

X

X

Education

X

Covariate

X
X

Diabetes

X

Parity

X

Age at menarche

X

Menopausal status

X

Use of oral contraceptives

X

Use of hormone replacement therapy (HRT)

X

1

Paper II: Education was not found to be a confounder after analysis in a directed acyclic graph (DAG).

2

Paper III: Each exposure was analyzed for its interrelationship with other potential hormone-related confounders in a DAG,

resulting in a slightly different set of confounders for each exposure (Appendix C).

Characteristics of excluded participants
The 956 participants excluded at baseline in paper I were older, had higher BMIs, lower levels of
physical activity, lower education level and more cardiovascular disease than the study
population (Table 8). They also had a higher prevalence of metabolic syndrome (37% vs. 20%),
and a higher prevalence of the individual components of metabolic syndrome.
In paper II, the 10 510 excluded participants were generally older, had lower levels of
physical activity, higher prevalence of diabetes and more were women. Although there was a
significant difference in TSH-level between those who were excluded and study participants (2.2
mmol/L and 1.9 mmol/L, respectively), both of these groups are well within the reference range
for normal TSH (0.50-3.5 mmol/L).
The same pattern on covariates can also be found in the 6568 excluded participants in
paper III, and higher age resulted in a larger proportion of postmenopausal women in this group
(91% vs. 56% in the study population). There was also found to be a larger portion of oral
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contraception-users in the study population, and a larger portion of HRT-users in the excluded
group. However, the groups had similar parity (2.7 vs. 2.6) and age at menarche (13.4 vs. 13.5).
Table 8: Baseline characteristics of excluded and included persons
Excluded group

Study population

Paper I (956 excluded)
Age (years)

70.6

49.8

Sex (% women)

66.0

52.7

BMI (kg/m )

28.2

26.3

Hard physical activity (%)

32.0

40.7

6.5

20.0

Cardiovascular disease (%)

19.2

7.7

Increased waist circumference (%)

44.0

20.7

Hypertension (%)

83.8

63.5

High triglycerides (%)

47.9

39.9

Low HDL (%)

26.5

23.1

6.5

3.3

36.7

20.1

Age (years)

62.6

50.7

Sex (% women)

76.8

59.9

BMI (kg/m2)

27.8

26.5

Hard physical activity (%)

35.0

43.5

Diabetes (%)

7.5

4.0

TSH level (mmol/L)

2.2

1.9

Age (years)

66.7

55.7

BMI (kg/m2)

28.0

27.0

Hard physical activity (%)

39.3

46.6

Diabetes (%)

8.2

4.3

Parity (births)

2.7

2.6

Age at menarche (age)

13.5

13.4

Postmenopausal (%)

90.5

56.2

Ever use of oral contraception (%)

50.3

65.7

Ever use of HRT (%)

30.8

17.0

2

Post-secondary education (%)

Impaired glucose tolerance or diabetes (%)
Metabolic syndrome (%)
Paper II (10 510 excluded)

Paper III (6568 excluded)
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Statistical methods

Cox regression
This thesis used the proportional hazards model, or Cox regression model (38), as the main
statistical analysis in all three papers. Cox regression is used for a time-to-event outcome
variable; in our case the length of survival of native hip or knee before the event of THR or
TKR. All statistical analyses were two-sided with a significance level of p<0.05, and the
analyses were performed using Stata 14.0/SE (StataCorp LP, College Station, TX, USA).
The effect estimate in Cox regression is called a hazard ratio (HR), and is comparable to
the relative risk of TJR at any given time (28). It uses logarithmic transformation to model a
linear relationship, which is back-transformed to give a HR. The null value equivalent to a log of
zero is 1, and therefore the null value for the HR is 1. HR=1 then indicates no relationship, and
in our studies HR<1 indicates a protective relationship and HR>1 indicates an adverse
relationship (166).
-

When a variable is dichotomous, like hypertension (yes/no), an HR of, for example, 1.41
would mean that people with hypertension have a 41% higher risk of TKR than people
without hypertension. (As used in parity, with nulliparous as the reference group with
HR=1.0).

-

With continuous exposure variables, like TSH, an HR of 1.05 would mean that for each
unit of TSH (mmol/L) the HR increased by a factor of 1.05. As this is a logarithmic scale,
a change of two units has an increase of 1.052, an increase of three units has an increase
of 1.053 and so on.
Cox regression is also a large sample method, and it is suggested that there should be at

least 10 events for each predictor variable (169). It is a semi-parametric statistical model,
claiming no assumptions about the shape of the distribution of survival time, but it does require
assumptions about proportional hazards. This can be tested graphically:
-

Log minus log plot (Figure 23). The assumptions are met if the plots are close to parallel.

-

Schoenfeld residual plot (Figure 24). The assumption is met if the regression line is
horizontal.
In addition to the graphical assessment, we also performed Schoenfeld residual tests: The

assumption about proportional hazards is met if p³0.05. Age did not meet this assumption in any
of the three papers. Therefore, this covariate needed special attention when adjusted for, as
described in the following chapter.
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Figure 23: Log minus log plot. The assumption is met if the plots are close to parallel. Here exemplified with waist
circumference (dichotomous) as the exposure, and TKR as the outcome.

Figure 24: Shoenfeld residuals plot. The assumption is met if the smoothed average is horizontal. Here exemplified
with waist circumference (continuous) as the exposure, and TKR as the outcome.

Adjustment for age – different options
The type of time-scale is important as it determines which individuals are considered at risk at a
particular time. In cohort studies, time-on-study, adjusted for age as a covariate, is the time-scale
normally used. However, age can also be used as the time-scale if the subjects enter the analysis
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at their baseline age and exit at their censoring age (31), or age can be converted into a
categorical variable to stratify the analyses. Tests of proportional-hazards assumptions were
evaluated by Schoenfeld residuals in all covariates, but age did not meet this assumption in any
of the three papers. This meant that the risk of THR/TKR did not increase by the same amount
for each year of ageing. To solve this problem, we chose different approaches for each of the
three papers, all of which will be examined below:
Method A: Time-on-study as the time scale
This model uses time since baseline, with age at baseline included as a covariate. All participants
enter the model together at time 0 (baseline) (Figure 25).

Figure 25: Time-on-study as the time scale.

At the first event (I) all participants are in the risk set, but at the second event (II), only
three participants remain in the risk set. This is because three subjects are no longer included in
follow-up; one due to an event and two due to censoring (emigration or death). This risk set will
include participants of different ages; thus, age is included as a covariate in the model. The effect
of age is then modelled linearly, assuming that the risk of THR/TKR increases by the same
amount each year. But the underlying risk of THR/TKR associated with age is not linear. In
paper II, we did an additional stratified analysis on age, but since this analysis did not show
different results age was kept as a continuous variable with time-on-study as the time scale.
Method B: Age as categorical data
The data-set can also be stratified by age without the assumption that the increase in risk of
THR/TKR is the same for each year of aging. This method was used in paper I, stratifying the
results into age groups <50 years, 50-69.9 years and ≥70 years
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Method C: Age as the time-scale
When using age as time-scale, the participants enter the risk set at baseline measurements’ age
and exit at event or censoring age (Figure 26). Time 0 would then be birth, but they enter the risk
set at the age of baseline measurements, provided that they have not been excluded at baseline.

Figure 26: Age as the time scale.

In this example, there are only two participants under follow-up in the risk set at the event
(i.e. THR/TKR) at age 58 (I), and two participants under follow-up at the second event (II). The
advantage of using age as the time scale is that the event at 58 years of age would not be
compared to those at 38 or 78 years (111). A larger difference in risk of THR/TKR is expected
between a 38- and a 78-year-old person with similar follow-up times, than between two persons
of the same age. Thus, persons with similar risks are in the same risk sets. This method was used
in paper III. Retrospectively, this method would also have been the preferable approach in paper
II: We therefore re-analyzed the results with this method, but it did not change the results.
Method D: Age as a time-dependent covariate
This model uses time-on-study as the time scale. As noted by Canchola et al. (31): “When the
effect of age is modelled linearly, then age as a time-dependent covariate and age as a fixed
covariate are equivalent, since if the effect per year of age is constant, then the effect of a given
age difference remains the same over time.” By definition this approach would therefore give the
same results as an analysis with age as covariate. We therefore chose not to use age as a timedependent covariate in our analyses.
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Competing risk
Survival analyses, like the Cox-regression model, analyze the time until a certain event occurs.
The Cox model requires independent censoring, meaning that those censored are representative
of those under observation at the same time-point (172). However, this assumption is not
fulfilled when a study participant experiences an event which prevents the outcome of interest
from occurring (Figure 27) (160). This is called competing risk. In this thesis, an example would
be the situation when a participant died and was therefore no longer at risk for TJR.

Figure 27: Competing risk of death; an event that could hinder the outcome of THR/TKR.

To decide which method to use for survival analysis in the presence of competing risk, it
is essential to separate between aetiological and prognostic research questions: Aetiological
research investigates the casual relationship between risk factors and outcome, and prognostic
research predicts the probability of an outcome at a given time for an individual patient (160).
This thesis aimed to investigate causal relationships, and is thus aetiological research that uses
HRs to estimate effect sizes. In this type of research, the Cox regression model is the more
appropriate approach, in contrast to the Fine and Gray model used in prognostic research (57). A
study from the Swedish Knee Arthroplasty Register found that the parameter estimates from the
Fine and Gray model could be misleading if interpreted in terms of relative risk, and the Cox
model provided more adequate results (172). For both of these reasons, we chose not to use Fine
and Gray models in this thesis.
Other statistical methods
Logistic regression
Logistic regression was used in paper II to investigate the association between TSH level
(categorical) and self-reported OA at baseline.
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Fisher’s exact test
A Fisher’s exact test was used in paper II to compare the incidence rate of THR or TKR in
participants with and without self-reported thyroid disease at baseline. Although this test was
originally intended to be used when expected frequencies are small, the STATA-software makes
it possible to apply it to larger data-sets as well. A Pearson’s chi-squared test could also be used,
and use of this method gave the same results.
Table 9: Overview of statistical methods used in this thesis.
Cox regression

Paper I

Paper II

Paper III

X

X

X

Adjustment for age:
Stratified

X
X

Time-on-study as the time scale

X

Age as the time-scale
Logistic regression

X

Fisher’s exact test

X

Additional analyses
Paper I
To account for potential change in exposure during follow-up, a sensitivity analysis was
performed in those who participated in both HUNT2 (1995-1997) and HUNT3 (2006-2008)
(n=30 651). By excluding those who changed exposure group between HUNT2 and HUNT3 we
were able to do a sensitivity analysis with lower risk of exposure misclassification.
As very few of those between 20 and 30 years of age at baseline were expected to have a
primary THR or TKR due to OA, a separate sensitivity analysis also excluded those <30 years in
the age group <50 years. Finally, we also did an analysis stratified on both sex and age, to
investigate any differences between genders.
Paper II
To investigate whether the change in thyroid function over time was associated with THR/TKR,
we did a sub-analysis including only persons that participated in both HUNT2 and HUNT3
(n=19 397). Change in TSH levels between HUNT2 and HUNT3 was used as the exposure
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variable. Among these participants, a total of 7740 were excluded due to self-reported thyroid
disease (n=2744), missing information on BMI (n=108), missing information on smoking
(n=621), previous THR or TKR (n=928), missing date of operation (n=29) or self-reported OA at
baseline (n=3310). Thus, a total of 11 657 people was eligible for this sub-analysis. This subpopulation was also used in an analysis that investigated whether the results changed when those
who started taking thyroid medication after baseline in HUNT2 were excluded.
To see if overt hypo- or hyperthyroidism was associated with THR/TKR, we defined two
new exposure groups: One with biochemical hypothyroidism (defined as TSH>4.0 mU/L
combined with fT4<8.0 pmol/L), and the other with hyperthyroidism (defined as TSH<0.10
mU/L and fT4>20.0 pmol/L and/or total T3>2.7 nmol/L).
Two additional analyses were performed on the baseline population: First, we
investigated the association between TSH level (categorical) and self-reported OA at baseline by
using a logistic regression model, adjusting for sex, age, BMI, smoking, physical activity and
diabetes. Second, we compared the incidence rate of THR or TKR in participants with and
without self-reported thyroid disease at baseline using Fisher’s exact test. After excluding
participants with missing information on BMI and smoking, previous THR or TKR, missing date
of operation or self-reported OA at baseline, 2955 participants reported thyroid disease.
Paper III
Information on education level was only available for 8745 participants from HUNT2. To
investigate whether education level affected our results, an additional sensitivity analysis
adjusting for education was performed for this group.

Ethics
Participation was voluntary and each participant gave informed, written consent (86).
Participants can withdraw from the study at any time. This consent includes linkage to other
registries after approval from the Data Inspectorate/Regional Committee for Medical Research
Ethics (REK). The HUNT Study is approved by the Data Inspectorate of Norway and REK. All
data files for research purposes are de-identified before they are exported to researchers.
NAR has concession from the Data Inspectorate and REK. NAR collects information on
diagnosis, date and indication for surgery and information concerning the surgical procedure of
arthroplasty. Willingness to be included in NAR does not affect the treatment of the patient.
Participants can withdraw from the register at any time, and all data will then be deleted. This
PhD project was approved by REK (Ref. nr. 2013/151/REK Sør-øst C).
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Results
Paper I
Of the 62 661 participants, 12 593 (20%) were identified as having metabolic syndrome. At
baseline, women and men had a mean age of 49.9 years (SD 17.2) and 49.7 (SD 16.7),
respectively. Correspondingly, mean age at joint replacement was 69.9 years (SD 9.3) and 69.0
years (SD 9.2). In total, 1840 persons received THR (2.9%), and 1111 persons received TKR
(1.8%) during a mean follow-up time of 15.4 (SD 4.3) years.
Metabolic syndrome and THR
No association was found between metabolic syndrome or its individual components and
increased risk of THR (Figure 27). In the age group <50 years there was a decreased risk of THR
in those with full metabolic syndrome (HR 0.58, 95% CI 0.40-0.83). However, persons with
impaired glucose tolerance or diabetes in the groups 50-69.9 and ³70 years had a significantly
decreased risk of THR, with HR 0.65 (95% CI 0.36-0.87) and HR 0.30 (95% CI 0.13-0.67).
Participants ³70 years with hypertension had a decreased risk of THR (HR 0.63, 95 % CI 0.430.92). In the youngest age group, <50 years, there was also a decreased risk of THR in those with
low HDL (HR 0.72, 95% CI 0.54-0.94).

Metabolic syndrome and TKR
Metabolic syndrome was not associated with the risk of TKR. High waist circumference
increased the risk of TKR in the age groups <50 years (HR 1.62, 95% CI 1.10-2.39) and 50-69.9
years (HR 1.43, 95% CI 1.14-1.80) (Figure 28). Hypertension significantly increased the risk of
TKR in the age group <50 years (HR 1.38, 95% CI 1.05-1.81). Apart from these findings, none
of the other components of metabolic syndrome were associated with increased risk of TKR.
However, low HDL was associated with decreased risk of TKR in both those <50 years (HR
0.67, 95% CI 0.49-0.92) and ³70 years (HR 0.53, 95% CI 0.33-0.86).
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Figure 28: Risk of THR and TKR by metabolic syndrome components and metabolic syndrome. (BMI: Body mass
index; HDL: High-density lipoprotein; IGT: Impaired glucose tolerance).

Additional analysis
Of the 30 651 people that participated in both HUNT2 (1995-1997) and HUNT3 (2006-2008),
31.8% changed exposure group from normal to increased waist circumference, and 16.2%
changed exposure group from no metabolic syndrome to metabolic syndrome (Figure 29). When
analyzing only those who had not changed exposure group in each category, there was no longer
a decreased risk of THR in participants <50 years with metabolic syndrome or low HDL. In this
analysis, increased waist circumference was also found to be a risk factor for THR in people <50
years (HR 1.80, 95% CI 1.05-3.10), and there continued to be an increased risk of TKR in the
age groups <50 years (HR 4.13, 95 % CI 2.15-7.93) and 50-69.9 years (HR 1.43, 95 % CI 1.022.01). In contrast to the main analysis, hypertension was no longer a protective factor for THR in
persons ³70 years, nor was impaired glucose tolerance or diabetes protective for THR in persons
between 50-69.9 years or ³70 years.
When stratifying on both sex and age, we found increased risk of TKR only in men >50
years with hypertension (HR 1.65, 95% CI 1.12-2.44). However, there was still an increased risk
of TKR in both men and women between 50-69.9 years with increased waist circumference.
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Figure 29: Risk of THR and TKR by metabolic syndrome components and metabolic syndrome including only those
who did not change exposure groups during follow-up. Hazard ratios (HRs) adjusted for sex and BMI. (BMI: Body
mass index; HDL: High-density lipoprotein; IGT: Impaired glucose tolerance).

Paper II
Of the 37 891 participants, 908 (2.4%) had low TSH (<0.50 mU/l) indicating hyperthyroid
function, and 2307 (6.1%) had high TSH (≥3.6 mU/l) indicating hypothyroid function. In total,
978 received THR and 538 received TKR during a median follow-up time of 15.7 years (mean
12.3 years). At baseline, the mean age was 50.7 years (SD 15.8), and the mean ages at THR and
TKR were 69.5 years (SD 8.9) and 69.4 years (SD 8.4), respectively.
TSH level did not influence the risk of THR or TKR (Figure 30). Analyses using TSH as
a continuous variable did not show any association between TSH and THR or TKR (Figure 31).
Additional log-transformation of TSH as a continuous variable did not significantly change these
results (data not shown).
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Figure 30: Association between TSH (thyroid stimulating hormone) categories and total hip replacement (THR) or
total knee replacement (TKR). Hazard ratios (HRs) adjusted for age, sex, BMI, smoking, physical activity and
diabetes.

Figure 31: Association between continuous TSH (thyroid stimulation hormone) and total hip replacement (THR) or
total knee replacement (TKR).

Paper III
For the 30 289 women included in the study population, the mean age at baseline was 55.7 and
mean follow-up time was 8.3 years (SD 4.5). In total, 430 participants had a primary TKR, and
675 had a THR.
Increasing age at menarche was inversely associated with the risk of TKR (ptrend<0.001) (Figure 32). Compared to women with early menarche, those with menarche at 14
years and ≥15 years had a significantly lower risk of TKR (HR 0.64, 95% CI 0.43-0.95; and HR
0.52, 95% CI 0.34-0.80; respectively). The number of years of menstruation between menarche
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and menopause was not associated with TKR. Past users of HRT were at higher risk of TKR
compared to never users (HR 1.42, 95% CI 1.06-1.90), but only those who used systemic HRT
compared to local treatment (HR 1.40, 95% CI 1.03-1.90). Ever users of oral contraceptives had
a higher risk of TKR (HR 1.38, 95% CI 1.03-1.84), but this association was only borderline
significant in the fully adjusted model (HR 1.36, 95% CI 1.00-1.86).

Figure 32: Reproductive history and use of hormonal medication, and risk of THR and TKR. (OC: Oral
contraceptives; HRT: Hormone replacement therapy.)
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Discussion
This chapter will first discuss the principal finding from each study, and then the methodological
challenges that apply to all three studies.
Principal findings
Paper I
We did not find any association between full metabolic syndrome and THR or TKR in the main
analysis (Figure 27), except in persons <50 years with metabolic syndrome, who were found to
have a decreased risk of THR (HR 0.58, 95% CI 0.40-0.83). However, our study had information
on the development of exposure about 10 years after baseline, and that made it possible to
account for changes in the exposure status of metabolic syndrome during follow-up: 16.2% of
those who participated in both HUNT2 and HUNT3 went from unexposed to exposed. This
misclassification of exposure could have affected the results. We therefore did a sensitivity
analysis including only those whose exposure status did not change during the first 10 years of
follow-up and found that metabolic syndrome was no longer associated with decreased risk of
THR in those <50 years. As in the main analysis, in none of the other age strata was metabolic
syndrome found to be a risk factor for THR or TKR. We therefore concluded that metabolic
syndrome was not an important risk factor for THR or TKR independent of BMI.
We found an increased risk of TKR in participants <50 years with hypertension, and this
effect was strongest in men. Hypertension as a risk factor for TKR is consistent with previous
findings by Hussain et al. (146). In both the Chingford study from the UK and the ROAD study
from Japan, hypertension was found to be associated with OA of the knee independent of BMI
(234, 235). A recent study by Niu et al. reported that diastolic blood pressure was related to
incident symptomatic OA (159). The prevalence of atherosclerotic risk factors, which include
hypertension, has been reported to be higher in individuals with OA (195). It has been
hypothesized that vascular pathology of subchondral small vessels could lead to local ischemia
and subsequent development of OA (36, 56).
Persons <70 years with increased waist circumference had an increased risk of TKR. Our
results were concordant with several previous studies reporting increased central obesity to be a
risk factor for OA after adjustment for BMI (129, 146, 221). It may be that the increased amount
of abdominal fat tissue releases inflammatory mediators (adipokines, free fatty acids, reactive
oxygen species) that in turn affect joints and cartilage (22, 234). Another explanation could be
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that a high BMI may be due to either a large muscle/skeletal mass or a large amount of fat tissue.
Overweight due to a large muscle mass could be less harmful for the knees than overweight due
to a large amount of abdominal fat tissue. Waist circumference may therefore differentiate these
two groups.
When analyzing women and men separately, we found that increased waist
circumference was a risk factor for TKR in both genders. However, only men with hypertension
had an increased risk of TKR. The reasons for this difference are not clear, as one would expect
that an underlying biological mechanism of subchondral ischemia was the same in both genders.
Further studies on a possible gender-difference regarding hypertension and knee OA are
therefore warranted.

Paper II
We did not find any association between thyroid function and the risk of THR or TKR due to
OA. Neither were changes in TSH over time, or overt hypo- or hyperthyroidism, associated with
incidence of THR or TKR. To the best of our knowledge, this was the first prospective cohort
study to investigate the association between thyroid function and risk of OA. In 1996, a crosssectional study of 577 men and 798 women found no evidence of a significant association
between current thyroid status and either chondrocalcinosis or OA (33).
Our findings must be interpreted in relation to recent genetic studies on intracellular T3
availability in joint cartilage. There has been an increased interest in the effect of deiodinase
polymorphisms on OA (214). Iodothyronine deiodinases represent a family of proteins involved
in local homeostasis of T4 and T3. Three deiodinases have been described, and deiodinase type 2
(D2) and deiodinase type 3 (D3) are detected in bone and cartilage. D2 plays a major role in
conversion of T4 to biologically active T3 (110) and thus upregulates local T3 levels. D3 is the
main T3-inactivating enzyme and consequently downregulates the local T3 levels. T3 is
considered an important regulator of chondrocyte cell growth and differentiation in the
endochondral growth plate (180). Local T3 availability, regulated by the opposite functions of
D2 and D3, may be a determinant of OA development. D2 has been reported to be upregulated in
the cartilage of joints affected by OA compared to joints unaffected by OA (29, 141). However,
it is not known if this is a result of the ongoing OA process, or a reflection of the underlying
disease pathway. Altogether, these findings suggest that deiodinase regulated local availability of
T3 in chondrocytes is a possible factor in the pathophysiology of OA (21, 224). Since our study
did not find any association between circulating TSH or T3/T4 levels and OA, it is conceivable
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that the serum thyroid hormone levels may be independent of local intracellular T3 levels in
joints. Another possible explanation could be that polymorphism in the gene coding for D2
creates a predisposition for non-optimal bone shape (142, 217), leading to increased risk of OA
independent of local thyroid hormone levels.

Paper III
This study found that older age at menarche was associated with decreased risk of TKR. We also
found an association between past and systemic HRT use and increased risk of TKR. Parity did
not increase the risk of TKR or THR.
The observation that increasing age at menarche was inversely related to the risk of TKR
has also been reported in a large, prospective study of 1.3 million middle-aged women by Liu et
al. (125). The mechanisms underlying these associations are unclear, but there could be several
possible explanatory factors. A recent cross-sectional study found an association between early
age at menarche and chronic widespread musculoskeletal complaints later in life (113). One may
therefore speculate that an increased level of pain from knee OA in this group could lead to a
higher incidence of TKR. Early onset of menarche has also been linked to other conditions of
ageing such as elevated blood pressure and glucose intolerance, independent of body
composition (176). A cross-sectional study by Kalichman et al. demonstrated a negative
association between age at menarche and radiological hand OA. They proposed that one possible
explanation could be that early menarche was associated with an increased rate of the general
ageing process (101). Yet another explanation could be that younger age at menarche may be a
marker of other factors such as higher BMI when young (125); weight gain at a young age has
been shown to be a significant risk factor for TKR and THR due to OA later in life (13, 15).
Our study did not observe any association between parity and joint replacement. Previous
studies on the association between parity and knee OA have shown conflicting results (125, 228,
231). However, the absolute numbers of joint replacements in the nulliparous group in our study
were low (n=25 and n=17 for THR and TKR, respectively), which calls the power of this
analysis into question. We cannot exclude the possibility that this may have weakened any
association. Since both parity and joint replacement are associated with education level, we did a
sub-analysis with additional adjustment for education in 8745 participants with data on education
level; we revealed a reduced risk of TKR in women with 1 birth or ≥4 births, but there was no
significant trend across the categories (p=0.37). This could indicate a complex relationship
between parity and TKR/THR that we were unable to clarify further in our study.
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Methodological challenges
Error and bias
An epidemiologic study can be viewed as an exercise in measurement, and the aim is to obtain
an accurate result (181). Our studies have attempted to find an estimate of the true hazard ratios
of the exposures, and major strengths were the large sample size, prospective population-based
design, objective measurements and nearly complete registration of outcome variables. Potential
sources of error in epidemiological studies can be divided into random and systematic errors
(Figure 33).

Figure 33: Difference between random and systematic error.

Random error
Random error is the variability in the data that cannot be readily explained, and is also described
as random variation or chance (183). The variation in the data-set can be estimated by
confidence intervals (CIs), and the width of these intervals describe the amount of random
variation and are therefore an estimate of precision. If we increase the sample size, the
confidence interval will decrease, and the estimate of the true value will be more precise (Figure
34). An inaccurate blood pressure monitor that provided some measurements that were too high
and others that were too low would be an example of random error. Our studies used a relatively
large sample size, and therefore had a high precision. But even a large number of participants,
and a statistically significant result with a narrow 95% CI, does not necessarily give an estimate
of the clinical significance. A statistically significant HR of 1.02, implying a 2% increased risk,
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is not necessarily a clinically significant result. In paper III, we found that women with menarche
at ≥15 years of age had a significantly lower risk of TKR than those with menarche £11 years of
age (HR 0.52, 95% CI 0.34-0.80). This would mean a risk reduction of almost 50%, and should
be considered to be of clinical significance.

Figure 34: With random error, an increased number of participants will reduce the confidence interval, and thus
increase the precision of the estimate.

Systematic error
Systematic error can also be termed bias or a lack of internal validity (183). Since this type of
error is not random, a large sample size will not reduce the bias (Figure 35). The large sample
size will provide a more precise estimate from the sample, but that does not help since the
measurements are systematically wrong. A defect blood pressure monitor that always measured
10 mmHg too high would be an example of systematic error, and increasing the sample size
would not affect this error. The aim in epidemiological studies is to reduce this bias for the
results to be considered valid (183). There are three main types of systematic error; information
bias, selection bias and confounding.
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Figure 35: An increased number of participants will not reduce the systematic error.

Information bias
Information bias can be present in a study if the information about a study subject is inaccurate.
If the variable is categorical, the participant can be classified into an incorrect category (181).
This misclassification can be differential or non-differential. In differential misclassification, the
bias is different for exposed and non-exposed participants, or between those experiencing the
event or not. Non-differential misclassification is unrelated to corresponding variables (Figure
35) (181).
In paper I, we used objective measurements of height and weight by trained personnel,
and thus avoided potential information bias from self-reported BMI (131). However, we did not
have information on cholesterol-lowering medication for measurements of HDL and
triglycerides. This could have led to differential misclassification as persons on medication were
classified as having normal serum levels, thus potentially weakening the association between
HDL/triglycerides and joint replacement (Type C, Figure 36). This potential misclassification
may explain the apparent reduced risk of TJR in some age groups with low HDL in paper I. But
then again, it is still undecided whether a person on medication, and therefore with normal
cholesterol, should be classified as exposed or unexposed. In our study, they were classified as
unexposed.
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Figure 36: Different types of misclassification bias.
A. No misclassification.
B. Non-differential misclassification: Both exposed and unexposed individuals are misclassified. Bias results
towards the null.
C. Differential misclassification: The misclassification is dependent on exposure group. (Can occur for exposed or
non-exposed groups.)

In paper II, blood samples were not drawn at a set time of day, and it is known that
factors like exercise and sleep deprivation influence TSH levels (205). This might have led to
non-differential classification bias (Type B, Figure 35). A possible source of non-differential
misclassification can also be found in paper III: Since our lower cut-off for age at inclusion was
30 years, the information on reproductive history and use of HRT or oral contraceptives could
have changed after baseline for some participants. This is especially relevant when it comes to
parity, oral contraceptive use and HRT, and could have led to non-differential misclassification.
In both these cases, the results could have been biased towards the null.
Potential information bias and misclassification should also be considered for the
outcome variables THR or TKR as surrogate measures of severe OA. Using TJR as an endpoint
for severe OA helps distinguish between severe disease and minor disability (45). This also has
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the advantage of creating an unambiguous connection with severe disease burden of OA
compared to other OA definitions, e.g., radiographic criteria, symptom criteria or OA defined by
self-reported diagnosis (107). When investigating the agreement between radiographic and
clinical/self-reported methods of diagnosing OA, one recent study found that hip pain was not
present in many people with radiographic OA, and many people with hip pain did not have
radiographic hip OA (107). In knees, the agreement between radiographic, clinical and selfreported methods of diagnosing OA was only modest (165). Using these outcome-measures
could therefore lead to a misclassification of healthy persons being classified as having OA, and
vice-versa. However, using TJR as outcome measure is still limited in some respects:
-

Patients’ health status and potential comorbidities influence orthopedic surgeons’ choices
regarding operative treatment. This is especially relevant in paper I, where persons with
metabolic syndrome would be expected to have a higher prevalence of cardiovascular
diseases, and thus be less likely to be recommended for TJR; metabolic syndrome could
be a risk factor for OA, but a protective factor for surgery. This could, in part, explain the
observed protective effect of impaired glucose tolerance/diabetes on the risk of both THR
and TKR and is in line with a study by Nielen et al. that found that risk of severe OA
necessitating THR or TKR decreased with increasing diabetes mellitus severity (157).

-

Differences between the likelihood of various hospitals and individual orthopedic
surgeons recommending surgery.

-

Subjects who wish to maintain an active lifestyle may be more motivated to have surgery
than less active persons (143), even if they have less severe OA. This potential healthy
patient bias could lead to an underestimation of the effect.

-

The healthcare system in Norway is publicly funded and free of charge for patients.
Although socioeconomic status would not affect access to surgery, it could lead to
differences in those seeking surgery. In 2009, Statistics Norway reported that, amongst
women with musculoskeletal diseases, those with a higher level of education
(university/college level) were more likely to contact specialist health services than those
with lower levels of education (high school or lower) (93). A negative association
between level of education and the waiting time for THR in Norway has been reported
(147), although the income variable was insignificant. Education was found to be a
potential confounder in papers I and III, but adjustment for education level did not
substantially alter the results.
Validation of OA diagnoses from the NAR has only been done for young adults under 40

years of age undergoing THR due to hip dysplasia (46), and they are therefore inapplicable in
our study population. However, numbers from the Danish hip Arthroplasty Registry show a
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positive predictive value of 85% regarding the primary hip OA diagnosis (168). The results from
the Danish registry are probably comparable to the NAR.
Neither radiographic findings of an OA joint nor the structural changes observed during
surgery necessarily correlate well with degree of pain. We are therefore unsure if what we are
measuring is the degree of OA or the degree of pain as a response to the disease. From the data
available in this thesis, it was not possible to differentiate between these two.
The data collection in the HUNT studies were not initially designed to investigate OA, but is
that a problem? To have a large amount of baseline data collected prior to the outcome of interest
reduces the risk of recall bias, regardless of what that outcome of interest might be. But there are
some adjustments in the baseline measurements that would have improved our studies:
1. Measurements of fasting blood glucose for all participants would have made the
measurements more accurate according to the Joint Interim Statement definition of
metabolic syndrome. We had to use a stricter cut-off of non-fasting blood glucose of
³11.1 mmol/L that could have led to an underestimation of the effect due to a larger
portion of people with impaired glucose tolerance being classified as normal.
2. Information on cholesterol-lowering medication could also have reduced the risk of
misclassification of persons with dyslipidaemia, thus strengthening any association
between HDL/triglycerides and joint replacement.
A special type of information bias, recall bias, might have influenced some of the
covariates in paper III, especially age at menarche. There is a mean age difference of almost 10
years between the women that reported age at menarche ≤11 years, and those reporting age at
menarche ≥15. Adjusting for age may then be insufficient for correcting an eventual systematic
recall bias.

Selection bias
Selection bias could be a problem if the relationship between the study variables in the missing
data is different from the corresponding relationship in the included data-set (181). One form of
selection bias is non-response: Are the non-responders to the HUNT studies different from the
responders? The participation rate was 69.5% in HUNT2 and 54.1% in HUNT3, so it is not
possible to rule out the risk of selection bias (86). In a non-responder study after HUNT2
(n=685), the main reasons for not attending were; lack of time or moving away (22-44 years),
being busy at work or forgetting (45-69 years) or medical issues (>70 years) (119). Nonresponders were also found to have a higher prevalence of smoking. Young men had a lower
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participation rate. In a non-responder study from HUNT3 the main reason for not participating
was lack of time and interest. Non-participants in HUNT3 had lower socio-economic status,
higher mortality and higher prevalence of chronic diseases such as cardiovascular disease,
diabetes mellitus, fibromyalgia and OA (120). However, only a small proportion (4.7% of
women and 2.6% of men) reported illness as a reason for not participating in the HUNT survey.
A low participation rate in younger men would probably not have biased our results, since
primary THR and TKR are most common in the older population.
Another form of selection bias is missing data about participants, and this is potentially
worse for the study than non-participation (181). When investigating the excluded participants in
this thesis, they were found to be older, to have higher BMIs, lower physical activity, lower
levels of education and more cardiovascular disease (Table 8). The results must therefore be
interpreted with caution for people with lower socio-economic status and higher prevalence of
chronic diseases. But as discussed under “Generalizability”, this will not necessarily represent a
problem if we assume an underlying biological mechanism between exposure and TJR.
In paper I, all persons older than 20 years were included in the main analyses. Since TJR
due to OA is very uncommon in persons <30 years, we may have included a group of persons
that would almost certainly not have an arthroplasty no matter how many risk factors they had,
since the threshold for operating this age group is substantially higher. In a separate sensitivity
analysis of the age group <50 years, participants <30 years at baseline were excluded.
Hypertension was then only borderline significant (HR 1.29, 95% CI 0.98-1.70), but apart from
this the results were not substantially different from the main analysis.
Selection bias can also be present in the outcome variable (THR/TKR): Persons with
moderate OA who engage in demanding physical activities could be more motivated to have
surgery than less active persons, and persons who are generally inactive may be less motivated to
have surgery even if they have more severe OA. This could give a healthy patient selection bias
with corresponding underestimation of the effect of the exposure.

Confounders
When an effect of an exposure is mixed up with the effect of another variable, it is called
confounding (183). In paper II, thyroid function was the exposure and TJR was the outcome. But
since BMI is known to be associated with both thyroid function and TJR, BMI may be a
confounder on the pathway between thyroid function and TJR (Figure 37). It would then be
incorrect not to adjust for BMI, since this would result in residual confounding by BMI.
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Figure 37: BMI as a confounder.

The ability to adjust for multiple potential confounders was a strength in these studies,
and it was important to identify all confounders and their interrelationship before doing the
analysis. This was done by setting up a directed acyclic graph (DAG): Associations and their
directions are indicated with arrows between the exposure, the outcome and all possible
covariates that could affect this casual pathway (Figure 38).

Figure 38: Directed acyclic graph DAG: Analyzing potential confounders on the casual pathway between thyroid
function and OA.

The DAG allowed us to assess whether a covariate was a confounder, a mediator or a
collider. This is important because adjusting for mediators or colliders can introduce bias (183).
This is why adjusting for more covariates is not always better. In our model on thyroid function
and TJR, it is also possible to argue that thyroid function leads to changes in BMI, and not the
other way around; BMI would then be a mediator (Figure 39). Further, a TJR could affect BMI
after an operation, turning BMI into a collider (Figure 40). This is, however, not a possibility in
our study, because of its prospective design.
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Figure 39: BMI as a mediator.

Figure 40: BMI as a collider.

The direction of arrows determines which covariates should be included in the final
model. This depends on prior knowledge of associations between covariates – but, like in the
case described above, it can present dilemmas. In our final model in paper II, we chose to define
BMI as a confounder. (DAGs for papers I and III can be found in Appendix.)
Education was used as an indicator of socioeconomic status in papers I and III, and the
HRs did not change significantly after adjusting for this factor. (Education was not found to be a
confounder in paper II after the DAG-analysis).
Generalizability
Generalizability, or external validity, determines how valid the results are to populations outside
our study population (183). The adult population in Nord-Trøndelag is thought to be fairly
representative of Norway when it comes to age, comorbidity and mortality (86). The income and
education levels of participants in HUNT2 were slightly lower than in the general Norwegian
population (86). The distribution between age groups that received THR or TKR in our study
was comparable to the Norwegian population (Figures 21 and 22).
As previously mentioned, since non-participants were more often younger men, and
people with lower socio-economic status and more comorbidities, caution should be taken when
applying our results to these groups. However, a completely representative sample of the
Norwegian population would not necessarily improve the generalizability of our findings – if our
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findings have a biological mechanism, it should be applicable to all populations. It is therefore
more essential to have a high internal validity; high external validity is more important in studies
of the incidence and prevalence of diseases or for opinion surveys (182).
Interaction
An example of interaction could be drunk driving: Both driving and alcohol consumption are
risk factors for injury, but their combination is more dangerous than either alone (181). In paper
I, high BMI and metabolic syndrome could have not only an additive, but also a synergistic
effect on the risk of THR or TKR. Their synergy was tested by including an interaction term
between categorical BMI and metabolic syndrome in the logistic regression models. A likelihood
ratio test showed no significant difference between the two models, indicating no significant
interaction.

Causality
That two variables are associated does not necessarily mean that there is a casual relationship
between them. But at what point is it possible for an observed association to become a plausible
causation? There are no objective casual criteria, but Sir Austin Bradford Hill proposed a list of
“viewpoints” in 1965 to help in the decision-making (83): Strength, consistency, specificity,
temporality, biologic gradient, plausibility, coherence, experimental evidence and analogy.
However, Hill also emphasized that causal inferences could not be based on a set of rules alone
(183): “None of my nine viewpoints can bring indisputable evidence for or against the causeand-effect hypothesis and none can be required as a sine qua non [absolutely essential]” (Hill,
1965). Although it could be argued that temporality (cause precedes effect) is essential for a
causal relationship, Hill’s main intention was to help researchers find other ways to explain the
association between cause and effect. In paper III, we found an association between age at
menarche and TKR, and it is helpful to evaluate this association using Hill’s criteria (Table 10).
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Table 10: The casual relationship between age at menarche and TKR evaluated by Hill’s nine
criteria.
Strength
Consistency
Specificity
Temporality
Biologic gradient

The risk of TKR was HR 0.52 (95% CI 0.34-0.80) in women with menarche at
≥15 years of age compared to those with menarche £11 years of age.
This finding is consistent with a previous large cohort study (125).
Age at menarche is associated with several outcomes other than OA, and thus
not especially specific for TKR.
Cause (age at menarche) precedes effect (TKR) in time.
The trend of the inverse relationship between age at menarche and TKR was
highly significant (p=0.001).
A direct effect between age at menarche and TKR is not plausible without

Plausibility

considering young age at menarche as an indicator for later risk factors for
TKR. These could include increased BMI when young, increased sensitivity to
pain or other unidentified intermediate factors.
The finding is coherent, or at least not in conflict with, the current

Coherence

understanding of the natural history and biology OA. Although the underlying
mechanisms of the association are not clear.

Experimental evidence
Analogy

No experimental trials have investigated this association, as such a study would
be almost impossible to design.
Could overlap with “Plausibility”: Age at menarche has previously been found
to be associated to risk factors for TKR.

As expected, it is difficult to confirm a causal relationship between age at menarche and
TKR. But a plausible explanation is that the effect goes through mediators on the casual pathway
between the exposure and the outcome, and that these may include increased BMI in adulthood
(170), increased sensitivity to musculoskeletal pain (113) or other unidentified intermediate
factors.

Onset versus progression of OA
Participants with self-reported OA were excluded in study II. The intention was to separate
between risk factors for OA onset and progression. Although the self-reported OA data in HUNT
has not been validated, other studies find that self-report of medically diagnosed hip and knee
OA had a specificity of >94 % when compared to the ACR criteria (174).
We did not exclude participants with self-reported OA in papers I and III: In paper I, a
high number of participants was needed to be able to stratify on both age and sex. By not
excluding these participants we had a higher power, but at the expense of not being able to
separate between OA onset and progression. In paper III, the information on exposures spanned
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from age at menarche to age at menopause. It would therefore not be of any help to exclude
prevalent OA at baseline, as many of the exposures may have happened decades earlier.

Collinearity
Collinearity means that there is a high correlation between two covariates, meaning that they
roughly measure the same thing. In our data, an example could be waist circumference and BMI
in paper I: Estimating the correlation between waist circumference (dichotomous) and BMI
(continuous) gave an R2 of 0.38 in the age group <50 years, 0.43 in the age group 50-69.9 years,
and 0.42 in the age group ³70 years. This corresponded to variance inflation factors (VIF) of
1.62, 1,75 and 1,72, respectively. VIF estimates how much the variance of waist circumference
is inflated due to dependence on BMI. Thus, a VIF of 1.62 indicates that the variance of waist
circumference is 62% larger than it would be if it was completely unrelated to BMI. There are
different opinions on when the correlation is high enough to become a problem, but a VIF <4
may be acceptable (161). However, to estimate the exact effect of increased waist circumference
independent of BMI is difficult.
Injury
Previous injuries increase the risk of OA, especially in the knee (149, 162). Only joint
replacements due to primary/idiopathic OA were included in our study. We did not have direct
information on previous injury, but we excluded all cases in which the operating surgeon
reported that the knee joint replacement was due to sequela from fracture, ligament injury,
meniscal injury, infection, rheumatoid arthritis or ankylosing spondylitis.
Are HUNT2 and HUNT3 the same population?
Although there was a 10-year period between HUNT2 and HUNT3, they both used the same
source population: All inhabitants ≥20 years of age in the county of Nord-Trøndelag. But there
could be several reasons why HUNT2 and HUNT3 did not have all the same participants:
-

The participation rate in HUNT3 was lower than in HUNT2 (54.1% vs. 69.5%,
respectively). Some of the responders in HUNT2 could therefore have been nonresponders in HUNT3.

-

We would expect some of the older participants in HUNT2 to have died before HUNT3.
And people that were too young to participate in HUNT2 could be part of the study
population in HUNT3.
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The population in Nord-Trøndelag is relatively homogeneous, and few people move in or out of
the county (225). So, despite the limitations that arise from using the participants from two
consecutive waves of the HUNT health survey, we would argue that the two surveys represent
one source population.
During follow-up, the incidence of both THR and TKR increased (Figure 5). But this has
probably not substantially altered our results since it is plausible that this increase was the same
for both exposed and unexposed groups.
Agreement between measurements in HUNT2 and HUNT3
In papers II and III we used baseline data from both HUNT2 and HUNT3. In the main analyses
in paper II, baseline measurements from HUNT2 were used for subjects that participated in both
HUNT2 and HUNT3 to increase the follow-up time. In paper III, we used baseline
measurements from HUNT3 for persons who participated in both HUNT2 and HUNT3 in order
to include as much information as possible on reproductive history and eventual use of HRT.
Paper I used data from HUNT3 to identify participants who did not change exposure group
during the first 10 years of follow-up. The differences in measurements between HUNT2 and
HUNT3 in the respective papers are shown in Table 11 (mean difference in each person).
Table 11: Mean difference between results in HUNT2 and HUNT3 in each person.
Variable

n persons

Mean difference between results from
HUNT2 to HUNT3 in each person (SD)

Paper I
Waist circumference (cm)

35 998

+9.2 (8.0)

Systolic blood pressure (mmHg)

31 515

-1.4 (18.2)

Diastolic blood pressure (mmHg)

31 527

-5.1 (11.6)

Triglycerides (mmol/L)

35 777

-0.02 (1.0)

HDL (mmol/L)

35 336

-0.04 (0.3)

Non-fasting blood glucose (mmol/L)

35 338

+0.4 (1.7)

35 976

+1.3 (2.3)

11657

-0.04 (2.2)

15 893

-0.01 (0.84)

2

BMI (kg/m )
Paper II
TSH (mU/L)
Paper III
Age at menarche (years)

HDL: High-density lipoprotein; TSH: Thyroid stimulating hormone
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In paper III, only age at menarche was analyzed. The reason for this was that a low
repeatability between the answers regarding other elements of reproductive history would not
mean that the answers to the questionnaires were inaccurate: During the 10-year time period
between HUNT2 and HUNT3 there would probably be updates on the answers concerning
reproductive history or hormonal factors in a large proportion of the population.
Waist circumference increased by around 9 cm, diastolic blood pressure decreased by
around 5 mmHg and BMI increased by 1.3 kg/m2 between HUNT2 and HUNT3. Worth noting is
that reported age at menarche did not change; which could indicate that people continued to
remember the same age at menarche as they aged, and thus not affecting this potential source of
recall bias as discussed above.
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Conclusion
Paper I:
We found an increased risk of TKR in men <50 years with hypertension, and people <70 years
with increased waist circumference. Apart from this, neither metabolic syndrome nor its
components were associated with increased risk of THR or TKR due to primary OA.
Paper II:
We did not find that thyroid function was associated with risk of THR of TKR due to OA.
Neither did we find any association between TSH development over time and risk of THR or
TKR due to OA.
Paper III:
We found that increasing age at menarche reduced the risk of TKR. Past users and users of
systemic hormone replacement therapy (HRT) were at higher risk of TKR compared to never
users. Parity did not increase the risk of TKR or THR.

Clinical implications and further research
This thesis was characterized by lack of findings rather than new, significant results. Negative
findings may not always be exciting for the researcher or the scientific journal, but they can be
good news for the general population and health care system. This research project found
evidence that people do not have to worry too much about increased risk of OA if they have
metabolic syndrome and are normal weight. And although thyroid dysfunction can increase the
risk of osteoporosis and fractures, this thesis could report that this group probably do not have an
increased risk of OA. Women still have an increased risk of TJR due to OA, but we found that
only age at menarche influenced the risk of TKR. Thus, there are lot of potential risk factors that
neither the population and nor the public health service have to worry about – for now – and that
is good news.
So keep calm and carry on; the key to idiopathic OA is yet to be found.
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Appendix A: Harris Hip Score (Norwegian version)
SMERTE
Ingen
Svak
Lett
Moderat
Sterk
Invalidiserende
FUNKSJON
Trappegang

Transport
Sitting
Påkledning

GANGFUNKSJON
Halting

Støtte

Gangdistanse

LEDDUTSLAG
Fleksjon

Abduksjon

Lett verking/smerte uten innvirkning på funksjon
Noe vondt etter mye aktivitet, behov for reseptfri
smertestillende
Tolerabel, men pasienten plages jevnlig. Kan hemme vanlig
aktivitet, kan trenge sterkere smertestillende enn Paracet
Sterke smerter, men oppegående, hemmer aktivitet betydelig,
behov for smertestillende sterkere enn Paracet, noe
nattesmerter
Betydelige nattesmerte, klarer knapt gå på grunn av smertene

Poeng
44
40
30
20
10
0

Normal
Normal, støtte til rekkverk
Ett trinn av gangen ved hjelp av rekkverk
Umulig
Kan bruke kollektivtransport

4
2
1
0
1

Kan ikke bruke kollektivtransport
Komfortabel i lav stol >1 time
Komfortabel i høy stol i en halv time
Ikke komfortabel i noen stol
Ingen probelemer med sokker/sko
Problemer med sokker/sko
Umulig å ta på sokker/sko

5
3
0
4
2
0

Ingen
Lett
Middels
Svær
Ingen
Én stokk på lengre tur
Én stokk vanligvis
Én krykke
To stokker eller rullator
To krykker eller umulig å gå
Ubegrenset
1-1.5 km
<1 km
Kun inne
Seng til stol

11
8
5
0
11
7
5
3
2
0
11
8
5
2
0

0° - >90°
0° - 90°
0° - <90°
> 0°
>20°
<20°
0

3
2
1
0
2
1
0

Ingen
Fleksjonskontraktur >30°
Adduksjonskontraktur >10°
Innadrotasjon >10°
Anisomeli over 3 cm

4
0
0
0
0

DEFORMITET

Total sum
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Appendix B: Directed acyclic graphs (DAGs) for each paper.
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Paper III, continued
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Appendix C: Covariates adjusted for in paper III, by exposure.
Exposure variable
Parity

Covariates adjusted for
Age, BMI, smoking, physical activity, diabetes, age at menarche, menopausal status, HRT

Age at menarche

Age, BMI, smoking, physical activity, diabetes, menopausal status

Years with menstruation

Age, BMI, smoking, physical activity, diabetes, parity

Menopause status

Age, BMI, smoking, physical activity, parity, age at menarche, HRT

Age at menopause

Age, BMI, smoking, physical activity, parity, age at menarche, HRT

Use of oral contraceptives

Age, BMI, smoking, physical activity, parity, age at menarche, menopausal status

Use of HRT

Age, BMI, smoking, physical activity, parity, menopausal status
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Video abstract

Objective: Biochemical changes associated with obesity may accelerate osteoarthritis beyond
the effect of mechanical factors. This study investigated whether metabolic syndrome and its
components (visceral obesity, hypertension, dyslipidemia and insulin resistance) were risk
factors for subsequent total hip replacement (THR) or total knee replacement (TKR) due to
primary osteoarthritis.
Design: In this prospective cohort study, data from the second survey of the Nord-Trøndelag
Health Study 2 (HUNT2) were linked to the Norwegian Arthroplasty Register for identification
of the outcome of THR or TKR. The analyses were stratified by age (<50, 50–69.9 and ≥70
years) and adjusted for gender, body mass index, smoking, physical activity and education.
Results: Of the 62,661 participants, 12,593 (20.1%) were identified as having metabolic syndrome, and we recorded 1,840 (2.9%) THRs and 1,111 (1.8%) TKRs during a mean follow-up
time of 15.4 years. Cox regression analyses did not show any association between full metabolic
syndrome and THR or TKR, except in persons <50 years with metabolic syndrome who had a
decreased risk of THR (hazard ratio [HR] 0.58, 95% CI 0.40–0.83). However, when including
only participants whose exposure status did not change during follow-up, this protective association was no longer significant. Increased waist circumference was associated with increased
risk of TKR in participants <50 years (HR 1.62, 95% CI 1.10–2.39) and 50–69.9 years (HR
1.43, 95% CI 1.14–1.80). Hypertension significantly increased the risk of TKR in participants
<50 years (HR 1.38, 95% CI 1.05–1.81), and this risk was greater for men.
Conclusion: This study found an increased risk of TKR in men <50 years with hypertension
and persons <70 years with increased waist circumference. Apart from this, neither metabolic
syndrome nor its components were associated with increased risk of THR or TKR due to primary osteoarthritis.
Keywords: osteoarthritis, metabolic syndrome, total hip replacement, total knee replacement
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Hip and knee osteoarthritis cause significant morbidity and disability in a large proportion of the population.1 There is no curative treatment for osteoarthritis, and this places
the emphasis on identifying preventable risk factors. Increased body mass index (BMI)
is a well-established risk factor for osteoarthritis, both in the knee2–4 and the hip.5–7
However, biochemical changes associated with obesity may accelerate osteoarthritis
beyond the effect of mechanical factors.8,9 Metabolic osteoarthritis has, therefore,
been suggested as a subtype of osteoarthritis, and links between this phenotype and
metabolic syndrome have been reported.10,11

Dovepress

Hellevik et al

Metabolic syndrome is a cluster of components associated with increased risk of cardiovascular disease.12 These
include increased waist circumference, high blood pressure,
elevated triglycerides, reduced high-density lipoprotein
(HDL) and elevated serum glucose or diabetes. Due to the
high prevalence of these components among persons with
osteoarthritis, it has been suggested that metabolic syndrome
may influence the development of osteoarthritis independent
of BMI.13,14 This could be explained by shared mechanisms
in the etiologies of osteoarthritis and metabolic syndrome:
inflammation, oxidative stress, common metabolites and
endothelial dysfunction.11 However, it is possible that osteoarthritis and metabolic syndrome simply coexist through their
common shared risk factors of age and obesity.15
The results of observational studies in humans have
been inconsistent. One Australian prospective cohort study
found that a cumulative number of metabolic syndrome
components, central obesity and hypertension were associated with increased risk of total knee replacement (TKR)
due to osteoarthritis independent of BMI, but no associations
were observed for total hip replacement (THR).15 However,
the Malmö Diet and Cancer Study found that only central
obesity was associated with increased risk of knee osteoarthritis independent of BMI.16 Metabolic syndrome and
its components were not associated with hip osteoarthritis.
Other studies have also reported an increased risk of knee
osteoarthritis associated with an increase in the number of
metabolic syndrome components.17 In contrast, a recent study
reported that, after adjustment for BMI, neither metabolic
syndrome nor its components were associated with incident
osteoarthritis in the knee.18 The hypothesis of this study was

that metabolic syndrome is a risk factor for THR or TKR
due to osteoarthritis.
The aim of this large prospective study was to assess
whether metabolic syndrome or its components were risk
factors independent of BMI for subsequent THR or TKR
due to primary osteoarthritis.

Methods
Study population
Between 1995 and 1997, all inhabitants of Nord-Trøndelag
county, aged ≥20 years, were invited to participate in the second wave of the Nord-Trøndelag Health Study 2 (HUNT2).19
The HUNT studies include three population-based studies:
HUNT1 (1984–1986), HUNT2 (1995–1997) and HUNT3
(2006–2008). HUNT was initially intended to investigate
arterial hypertension, diabetes, quality of life and to screen for
tuberculosis. However, its scope expanded over time.19 This
study included baseline data from HUNT2, as the HUNT1
study did not have information on serum triglycerides and
HDL.
A total of 65,237 (69.5%) individuals accepted the invitation to participate in HUNT2.19 From this group, we included
63,617 participants with measurements of all metabolic syndrome components at baseline. Of these, 956 were excluded
(Figure 1) due to previous joint replacement in the hip or knee
(n=796), missing date of operation (n=158) or emigration
during baseline period (n=2). Thus, a total of 62,661 persons
(32,990 women and 29,671 men) were included in this study.
Each participant contributed person-time from participation
date in HUNT2 (between August 1995 and June 1997) until
total hip or knee replacement due to osteoarthritis, total hip

Baseline HUNT2 with
measurements on metabolic
syndrome components
n=63,617
Knee/hip replacement prior to study n=796
Missing date of operation
n=158
Emigration during baseline period n=2
Study population
n=62,661

THR
n=1,840
Women n=1,210
Men
n=630

TKR
n=1,111
Women n=721
Men
n=390

NoTHR/TKR n=59,710
Women
n=31,059
Men
n=28,651

Figure 1 Flowchart.
Abbreviations: HUNT2, the Nord-Trøndelag Health Study 2; THR, total hip replacement; TKR, total knee replacement.
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or knee replacement due to other causes, migration, death
or the end of follow-up (December 31, 2013), whichever
occurred first.

Clinical measurements
The participants were asked to complete a self-administered
questionnaire which included a range of health-related questions. Participants were seen once for clinical measurements
and blood sampling. The survey included standardized
measurement of height, weight, waist circumference and
blood pressure by trained nurses or technicians. Weight was
measured to the nearest half kilogram with the participants
wearing light clothes and no shoes. Waist circumference was
measured horizontally at the height of the umbilicus to the
nearest centimeter, with the participants standing with their
arms hanging relaxed. Blood pressure was measured on the
right arm with cuffs adjusted according to the arm circumference, and after the participant had been sitting relaxed
for 5 minutes. Measurements based on oscillometry were
then taken (Dinamap 845XT; Critikon, Tampa, FL, USA).
Systolic and diastolic blood pressure levels were then read
three times at 1-minute interval, and the mean of the second
and third readings was used in the analysis. Non-fasting blood
samples were drawn from each participant. Serum levels of
triglycerides, HDL cholesterol and glucose were analyzed on
a Hitachi 911 Autoanalyser (Hitachi, Mito, Japan).20
According to the Joint Interim Statement, metabolic
syndrome is defined as the presence of ≥3 of the following:12 waist circumference ≥88 cm in women and ≥102 cm in
men, systolic blood pressure ≥130 mmHg or diastolic blood
pressure ≥85 mmHg or use of antihypertensive medication,
triglycerides ≥1.7 mmol/L, HDL cholesterol <1.3 mmol/L in
women and <1.0 mmol/L in men, and glucose >5.6 mmol/L
or self-reported diabetes. This definition is based on fasting
blood samples. When these were lacking, we used a modified definition of metabolic syndrome also used in previous
studies,21,22 categorizing elevated glucose as serum glucose
≥11.1 mmol/L. This is, however, likely to be a stricter cutoff,
since it is intended to identify undiagnosed diabetes.23 The
self-reported diagnosis of diabetes in the HUNT study has
been validated in a separate study, demonstrating that 96.4%
of self-reported diabetes could be verified in medical files.24
To reduce potential confounding, covariates associated
with both metabolic syndrome and joint replacement due to
osteoarthritis were adjusted for. These covariates included:
age (stratified), gender (female/male), BMI (continuous),
current smoking status (never, former, current), physical
activity (light, medium, hard) and education (primary,
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secondary, post-secondary). Cardiovascular disease was
evaluated to be a mediator, and was therefore not included
as a confounder as this could have biased the analyses. The
main analysis was done stepwise; the first model was only
adjusted for gender and BMI (Model 1) and the second was
fully adjusted (Model 2). Age was stratified into the age
groups of <50, 50–69.9 and ≥70 years at baseline. Physical
activity was categorized by duration of light (not sweating
or out of breath) physical activity (none, <1, 1–2, ≥3 hours/
week) and/or duration of hard (sweating or out of breath)
physical activity (none, <1, 1–2, ≥3 hours/week). The physical activity questions have previously been validated among
men between 20 and 39 years.25 This showed acceptable
repeatability and validity for the “hard” physical activity
questions, but poor validity for the light questions. The two
physical activity variables were combined into one variable
indicating intensity and duration: none (no activity), medium
(≤2 hours/week light physical activity and/or <1 hour/week
hard physical activity) or hard (≥3 hours/week light physical
activity and/or ≥1 hour/week hard physical activity). Education was defined as the highest level of completed education
(primary/vocational, secondary or post-secondary).
To account for potential change in exposure during
follow-up, a sensitivity analysis was performed in those
who participated in both HUNT2 (1995–1997) and HUNT3
(2006–2008), with n=30,651. By excluding those who
changed exposure group between HUNT2 and HUNT3, we
were able to do an analysis with a lower risk of misclassification of the exposures.
As very few of those between 20 and 30 years at baseline
were expected to have a primary THR or TKR due to osteoarthritis, a separate sensitivity analysis also excluded those
<30 years in the age group <50 years. Finally, we also did
an analysis stratified on both gender and age to investigate
any differences between genders.

Outcome
This study used THR or TKR due to primary osteoarthritis
as the outcome. The unique 11-digit identification number
of every Norwegian citizen enabled linkage of HUNT data
to the Norwegian Arthroplasty Register (NAR). NAR was
established in 1987 and includes all artificial joints from
1994 onward. The completeness of THR and TKR registration is over 95%.26 For each arthroplasty performed, the
orthopedic surgeon submits a standardized form containing
information about the patient, the diagnosis that led to the
arthroplasty, the procedure and the type of implant used.27
In this paper, primary THR or TKR in patients with primary
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or idiopathic osteoarthritis is considered to be an indicator
of severe osteoarthritis.

Statistical methods
Cox proportional hazards regression models were used to
estimate hazard ratios (HRs) with 95% CIs for metabolic
syndrome, and its components, for the first recorded primary
THR or TKR due to osteoarthritis. Tests of proportional
hazards assumption were evaluated by Schoenfeld residuals
and log-minus-log plots (Table S1) and were satisfied for
all variables, except for age. The analyses were, therefore,
stratified into age groups (<50, 50–69.9 and ≥70 years) and
adjusted for gender, BMI, smoking, physical activity and
education. The analyses were performed using Stata 14/IC
(StataCorp LP, College Station, TX, USA).

Ethics approval
This study was approved by the Norwegian Regional Committee for Ethics in Medical Research (REK Sør-Øst C).

Results
Of the 62,661 participants included in this study, 12,593
(20.1 %) were identified as having metabolic syndrome
using the modified definition from Joint Interim Statement with a cutoff for non-fasting blood glucose of
≥11.1 mmol/L. The most prevalent components in persons
with metabolic syndrome were hypertension, increased
triglycerides and low HDL. Members of this group were
generally older, had higher BMI, were less physically active,
had lower levels of education and higher prevalence of cardiovascular disease than those without metabolic syndrome

Table 1 Baseline characteristics
Women
Age, years
19–29
30–39
40–49
50–59
60–69
70–79
≥80
Gender
Women
BMI, kg/m2
<18.5
18.5–24.99
25–29.99
≥30
Smoking
Never
Former
Current
Missing
Physical activity
None
Medium
Hard
Missing
Education
Primary/vocational
Secondary
Post-secondary
Missing
Increased WC
Hypertension
High triglycerides
Low HDL
IGT or diabetes

Men

Total

MetS, n (%)

No MetS, n (%)

MetS, n (%)

No MetS, n (%)

MetS, n (%)

No MetS, n (%)

301 (4.3)
563 (8.0)
1,037 (14.7)
1,287 (18.3)
1,558 (22.2)
1,663 (23.6)
626 (8.9)

4,327 (16.7)
5,392 (20.8)
5,952 (22.9)
4,337 (16.7)
2,911 (11.2)
2,280 (8.8)
756 (2.9)

390 (7.0)
727 (13.1)
1,084 (19.5)
1,058 (19.0)
1,038 (18.7)
956 (17.2)
305 (5.5)

3,661 (15.2)
4,623 (19.2)
5,372 (22.3)
4,203 (17.4)
3,148 (13.0)
2,434 (10.1)
672 (2.8)

691 (5.5)
1,290 (10.2)
2,121 (16.8)
2,345 (18.7)
2,596 (20.6)
2,619 (20.8)
931 (7.4)

7,988 (16.0)
10,015 (20.0)
11,324 (22.6)
8,540 (17.1)
6,059 (12.1)
4,714 (9.4)
1,428 (2.8)

7,035 (55.9)

25,955 (51.8)

7 (0.1)
696 (9.9)
2,794 (39.7)
3,538 (50.3)

328 (1.3)
13,739 (52.9)
9,400 (36.2)
2,488 (9.6)

4 (0.1)
499 (9.0)
2,710 (48.7)
2,345 (42.2)

109 (0.5)
9,853 (40.8)
12,244 (50.8)
1,907 (7.9)

11 (0.1)
1,195 (9.5)
5,504 (43.7)
5,883 (46.7)

437 (0.9)
23,592 (47.1)
21,644 (43.2)
4,395 (8.8)

3,536 (52.1)
1,492 (22.0)
1,763 (25.9)
244

11,958 (47.1)
5,546 (21.8)
7,899 (31.1)
552

1,715 (31.5)
2,305 (42.4)
1,419 (26.1)
119

9,274 (39.1)
7,457 (31.4)
7,007 (29.5)
375

5,251 (42.9)
3,797 (31.1)
3,182 (26.0)
363

21,232 (43.2)
13,003 (26.5)
14,906 (30.3)
927

791 (14.4)
3,169 (57.7)
1,530 (27.9)
1,545

1,442 (6.1)
12,749 (54.3)
9,291 (39.6)
2,473

575 (11.7)
2,623 (53.2)
1,729 (35.1)
631

1,620 (7.3)
10,375 (46.5)
10,321 (46.2)
1,797

1,366 (13.1)
5,792 (55.6)
3,259 (31.3)
2,176

3,062 (6.7)
23,124 (50.5)
19,612 (42.8)
4,270

5,415 (86.5)
297 (4.7)
552 (8.8)
771
5,444 (77.4)
6,439 (91.5)
6,335 (90.1)
5,019 (71.3)
806 (11.5)

16,127 (64.8)
3,034 (12.2)
5,719 (23)
1,075
3,444 (13.3)
11,771 (45.4)
4,189 (16.1)
4,040 (15.6)
202 (0.8)

4,077 (78.7)
315 (6.1)
788 (15.2)
378
2,883 (51.8)
5,393 (97)
5,383 (96.9)
3,705 (66.7)
713 (12.8)

16,321 (70.5)
1,969 (8.5)
4,866 (21.0)
957
1,221 (5.1)
16,208 (67.2)
9,083 (37.7)
1,692(7.0)
333 (1.4)

9,492 (83)
612 (5.3)
1,340 (11.7)
1,149
8,327 (66.1)
11,832 (94.0)
11,718 (93.1)
8,724 (69.3)
1,519 (12.1)

32,448 (67.6)
5,003 (10.4)
10,585 (22.0)
2,032
4,665 (9.3)
27,979 (55.9)
13,272 (26.5)
5,732 (11.5)
535 (1.1)

Abbreviations: BMI, body mass index; HDL, high-density lipoprotein; IGT, impaired glucose tolerance; MetS, metabolic syndrome; WC, waist circumference.
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(Table 1). At baseline, women and men had a mean age of
49.9 years (SD 17.2) and 49.7 years (SD 16.7), respectively.
Correspondingly, mean age at joint replacement was 69.9
years (SD 9.3) and 69.0 years (SD 9.2). In total, 1,840 persons received THR (2.9%), and 1,111 persons received TKR
(1.8%) during a mean follow-up time of 15.4 (SD 4.3) years.

Apart from these findings, none of the other components
of metabolic syndrome were associated with increased risk
of TKR. However, low HDL was associated with decreased
risk of TKR in both those <50 years (HR 0.67, 95% CI
0.49–0.92) and ≥70 years (HR 0.53, 95% CI 0.33–0.86).

Metabolic syndrome and THR

Of the 30,651 persons who participated in both HUNT2
(1995–1997) and HUNT3 (2006–2008), 31.8% changed the
exposure group during the follow-up period from normal to
increased waist circumference and 16.2% changed the exposure group during the follow-up period from no metabolic
syndrome to metabolic syndrome (Table 3). When analyzing
only those who had not changed the exposure group in each
category, there was no longer a decreased risk of THR in
participants <50 years with metabolic syndrome or low HDL
(Figure 2). In this analysis, increased waist circumference was

Additional analysis

No association was found between metabolic syndrome or its
individual components and increased risk of THR (Table 2).
In the age group <50 years, there was a decreased risk of
THR in those with the full metabolic syndrome (HR 0.58,
95% CI 0.40–0.83). There was no substantial difference
in the analyses in Model 1 and the fully adjusted Model 2.
However, persons with impaired glucose tolerance or diabetes in the groups 50–69.9 and ≥70 years had a significantly
decreased risk of THR, with HR 0.65 (95% CI 0.36–0.87)
and HR 0.30 (95% CI 0.13–0.67). Participants ≥70 years with
hypertension had a decreased risk of THR (HR 0.63, 95 %
CI 0.43–0.92). In the youngest age group, <50 years, there
was also a decreased risk of THR in those with low HDL
(HR 0.72, 95% CI 0.54–0.94).

Table 3 Number of participants who switched the exposure
groups during follow-up, including only those who participated in
both HUNT2 (1995–1997) and HUNT3 (2006–2008) (N=30,651)

Metabolic syndrome and TKR
Metabolic syndrome was not associated with the risk of TKR.
High waist circumference increased the risk of TKR in the age
groups <50 years (HR 1.62, 95% CI 1.10–2.39) and 50–69.9
years (HR 1.43, 95% CI 1.14–1.80), as shown in Table 2.
Hypertension significantly increased the risk of TKR in
the age group <50 years (HR 1.38, 95% CI 1.05–1.81).

Waist circumference
Hypertension
High triglycerides
Low HDL
IGT or diabetes
Metabolic syndrome

From unexposed
to exposed group,
n (%)

From exposed to
unexposed group,
n (%)

9735 (31.8)
3955 (12.9)
4767 (15.6)
3175 (10.4)
1115 (3.6)
4971 (16.2)

274 (0.9)
3303 (10.8)
4296 (14.0)
2331 (7.6)
13 (0.04)
1428 (4.7)

Abbreviations: HDL, high-density lipoprotein; HUNT2, the Nord-Trøndelag
Health Study 2; IGT, impaired glucose tolerance.

Table 2 Risk of THR or TKR by metabolic syndrome components and metabolic syndrome
Model 1a

Model 2b

<50 years

50–69.9 years

≥70 years

<50 years

50–69.9 years

≥70 years

HR (95% CI)

HR (95% CI)

HR (95% CI)

HR (95% CI)

HR (95% CI)

HR (95% CI)

1.25 (0.88–1.77)
1.24 (0.98–1.55)
0.92 (0.72–1.17)
0.71* (0.54–0.93)
0.73 (0.23–2.29)
0.64* (0.46–0.90)

0.98 (0.83–1.16)
1.16 (1.00–1.35)
0.95 (0.84–1.07)
0.99 (0.86–1.14)
0.60* (0.41–0.87)
0.94 (0.81–1.09)

1.19 (0.90–1.57)
0.63* (0.46–0.87)
0.86 (0.70–1.07)
0.82 (0.64–1.04)
0.33* (0.18–0.61)
0.82 (0.65–1.04)

1.17 (0.81–1.68)
1.13 (0.89–1.43)
0.86 (0.66–1.11)
0.72* (0.54–0.94)
0.78 (0.25–2.44)
0.58* (0.40–0.83)

1.08 (0.89–1.30)
1.09 (0.93–1.28)
0.93 (0.81–1.07)
0.95 (0.81–1.12)
0.65* (0.36–0.87)
0.93 (0.79–1.10)

1.22 (0.86–1.73)
0.63* (0.43–0.92)
0.89 (0.69–1.16)
0.85 (0.62–1.15)
0.30* (0.13–0.67)
0.83 (0.65–1.14)

1.62* (1.12–2.36)
1.44* (1.11–1.88)
0.97 (0.74–1.27)
0.62* (0.46–0.84)
1.01 (0.37–2.73)
0.94 (0.68–1.30)

1.43* (1.16–1.76)
1.12 (0.91–1.37)
1.03 (0.88–1.20)
0.94 (0.78–1.12)
0.73 (0.50–1.09)
1.07 (0.90–1.28)

1.45 (0.98–2.15)
0.76 (0.45–1.30)
1.17 (0.86–1.59)
0.66* (0.46–0.93)
0.79 (0.45–1.40)
1.25 (0.91–1.73)

1.62* (1.10–2.39)
1.38* (1.05–1.81)
0.97 (0.73–1.28)
0.67* (0.49–0.92)
0.85 (0.27–2.66)
0.89 (0.63–1.26)

1.43* (1.14–1.80)
1.17 (0.93–1.47)
1.05 (0.89–1.25)
1.04 (0.86–1.26)
0.70 (0.45–1.11)
1.16 (0.96–1.41)

1.55 (0.95–2.53)
0.68 (0.37–1.25)
1.27 (0.87–1.85)
0.53* (0.33–0.86)
0.78 (0.38–1.60)
1.27 (0.85–1.90)

THR
Increased waist circumference
Hypertension
High triglycerides
Low HDL
IGT or diabetes
Metabolic syndrome
TKR
Increased waist circumference
Hypertension
High triglycerides
Low HDL
IGT or diabetes
Metabolic syndrome

Notes: *Significant at p<0.05. aModel 1, HR adjusted for gender and BMI. bModel 2, HR adjusted for gender, BMI, smoking, physical activity and education.
Abbreviations: BMI, body mass index; HDL, high-density lipoprotein; HR, hazard ratio; IGT, impaired glucose tolerance; THR, total hip replacement; TKR, total knee
replacement.
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<50 years

50–69.9 years

≥70 years

THR
1.80 (1.05–3.10)

1.27 (0.96–1.69)

1.66 (0.82–3.36)

Hypertension

1.23 (0.87–1.76)

1.05 (0.83–1.32)

1.32 (0.53–3.27)

High triglycerides

1.05 (0.72–1.53)

1.01 (0.84–1.22)

1.05 (0.68–1.64)

Low HDL

0.73 (0.49–1.08)

1.03 (0.83–1.27)

0.51 (0.28–0.95)

IGT or diabetes

0.88 (0.22–3.55)

0.66 (0.40–1.11)

0.20 (0.03–1.44)

Metabolic syndrome

0.73 (0.44–1.20)

1.03 (0.82–1.29)

0.70 (0.39–1.24)

Increased waist circumference

TKR
Increased waist circumference

4.13 (2.15–7.93)

1.43 (1.02–2.01)

2.06 (0.79–5.33)

Hypertension

1.73 (1.17–2.58)

1.30 (0.93–2.01)

0.52 (0.18–1.49)

High triglycerides

1.12 (0.73–1.71)

1.00 (0.79–1.27)

1.71 (0.94–3.13)

Low HDL

0.50 (0.31–0.83)

1.02 (0.79–1.32)

0.64 (0.30–1.37)

IGT or diabetes

1.41 (0.45–4.44)

1.41 (0.45–4.44)

1.13 (0.35–3.62)

Metabolic syndrome

1.12 (0.68–1.86)

0.96 (0.58–1.59)

1.19 (0.58–2.42)

0.0

1.0 2.0 3.0
HR (95% CI)

4.0

5.0

0.0

0.5
1.0
HR (95% CI)

1.5

2.0

0.0

1.0

2.0 3.0 4.0
HR (95% CI)

5.0

Figure 2 Risk of THR or TKR by metabolic syndrome components and metabolic syndrome including only those patients who did not change exposure groups during
follow-up.
Note: HRs adjusted for gender and BMI.
Abbreviations: BMI, body mass index; HDL, high-density lipoprotein; HR, hazard ratio; IGT, impaired glucose tolerance; THR, total hip replacement; TKR, total knee
replacement.

also found to be a risk factor for THR in persons <50 years
(HR 1.80, 95% CI 1.05–3.10), and there continued to be an
increased risk of TKR in the age groups <50 years (HR 4.13,
95% CI 2.15–7.93) and 50–69.9 years (HR 1.43, 95% CI
1.02–2.01). In contrast to the main analysis, hypertension was
no longer a protective factor for THR in persons >70 years,
nor was impaired glucose tolerance or diabetes protective for
THR in persons between 50 and 69.9 years or >70 years of age.
In a separate sensitivity analysis of the age group <50
years, participants <30 years at baseline were excluded.
Hypertension was then only borderline significant (HR 1.29,
95% CI 0.98–1.70); but apart from this, the results were not
substantially different from the main analysis (Figure 3).
When stratifying on both gender and age, we found
increased risk of TKR only in men <50 years with
hypertension (HR 1.90, 95% CI 1.16–3.11), as shown in
Table S2. However, there was still an increased risk of TKR
in both men and women between 50 and 69.9 years with
increased waist circumference.

Discussion
In this large prospective study with over 60,000 participants,
we found no increased risk of THR or TKR in persons
with metabolic syndrome. There was a reduced risk of
THR in participants <50 years with metabolic syndrome,
but this association was no longer significant when exclud-
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ing those who changed exposure group during follow-up. We
found an increased risk of TKR in participants <70 years with
increased waist circumference and in those <50 years with
hypertension. Apart from these findings, neither metabolic
syndrome nor its components increased the risk of THR or
TKR due to osteoarthritis.
In the main analysis (Table 2), we did not find any
association between the full metabolic syndrome and
THR or TKR, except in persons <50 years with metabolic
syndrome, who were found to have a decreased risk of
THR (HR 0.58, 95% CI 0.40–0.83). However, our study
had information on the development of exposure about 10
years after baseline, and this made it possible to account
for changes in the exposure status of metabolic syndrome
during follow-up: 16.2% of those who participated in both
HUNT2 and HUNT3 went from unexposed to exposed.
This misclassification of exposure could have affected the
results. We, therefore, did a sensitivity analysis including
only those whose exposure status did not change during
the first 10 years of follow-up and found that metabolic
syndrome was no longer associated with decreased risk of
THR in those <50 years. As in the main analysis, in none
of the other age strata was metabolic syndrome found to
be a risk factor for THR or TKR. We, therefore, conclude
that metabolic syndrome is not an important risk factor for
THR or TKR independent of BMI.
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30–50 years
THR
Increased waist circumference

1.17 (0.81–1.68)

Hypertension

1.04 (0.82–1.32)

High triglycerides

0.82 (0.64–1.07)

Low HDL

0.74 (0.56–0.98)

IGT or diabetes

0.71 (0.23–2.23)

Metabolic syndrome

0.55 (0.38–0.79)

TKR
Increased waist circumference

1.58 (1.07–2.32)

Hypertension

1.29 (0.98–1.70)

High triglycerides

0.91 (0.69–1.21)

Low HDL

0.68 (0.49–0.93)

IGT or diabetes

0.77 (0.25–2.45)

Metabolic syndrome

0.86 (0.61–1.21)
0.0

0.5

1.0

1.5

2.0

2.5

HR (95% CI)
Figure 3 Risk of THR or TKR by metabolic syndrome components and metabolic syndrome in participants <50 years after excluding participants <30 years at baseline.
Note: HRs adjusted for gender, BMI, smoking, physical activity and education.
Abbreviations: BMI, body mass index; HDL, high-density lipoprotein; HR, hazard ratio; IGT, impaired glucose tolerance; THR, total hip replacement; TKR, total knee
replacement.

The high number of participants allowed for stratification
by age, and thereby the investigation of how some components of metabolic syndrome could have different effects
on risk of total joint replacement in younger and older age
groups. This could help explain some of the previous conflicting results regarding the association between metabolic
syndrome and total joint replacement; what may be a risk
factor in those <50 years, such as hypertension or increased
waist circumference, may not be a risk factor in those ≥70
years (Table 2). The mechanisms behind this are not clear, but
it is possible that components of metabolic syndrome could
be seen as a relative contraindication to joint replacement
surgery to a higher degree in the old, compared to the young.
Thus, these components could be protective against surgery,
but not necessarily osteoarthritis, in the old. Using THR and
TKR as indicators of osteoarthritis had the advantage of being
an unambiguous indicator of severe disease burden compared
to other osteoarthritis definitions, for example, radiographic
criteria, symptom criteria or osteoarthritis defined by
Clinical Epidemiology 2018:10

s elf-reported diagnosis.28 Using total joint replacement as
an endpoint for osteoarthritis also helps distinguish between
severe disease and common minor disability.29 However, there
are several important limitations to this approach. Firstly, persons with moderate osteoarthritis who engage in demanding
physical activities could be more motivated to have surgery
than less active persons. Secondly, the metabolic syndrome
risk factors could influence the orthopedic surgeon’s choice
regarding treatment, giving a healthy patient selection bias
with corresponding underestimation of the effect of possible
risk factors. This effect could have been what we observed
when we observed that hypertension and increased waist
circumference were not found to be risk factors in those ≥70
years. Our findings are also in line with a study by Nielen et
al which found that risk of severe osteoarthritis necessitating
THR or TKR decreased with increasing severity of diabetes
mellitus.30 This could help explain the apparent protective
effect of impaired glucose tolerance or diabetes in the two
older age groups.
submit your manuscript | www.dovepress.com
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We found an increased risk of TKR in participants <50
years with hypertension, and this effect was strongest in
men. Hypertension as a risk factor for TKR is consistent
with previous findings by Monira Hussain et al.15 In both
the Chingford study from the UK and the ROAD study
from Japan, hypertension was found to be associated with
osteoarthritis of the knee, independent of BMI.17,31 A recent
study by Niu et al reported that diastolic blood pressure
was related to incident symptomatic osteoarthritis.18 The
prevalence of atherosclerotic risk factors, which include
hypertension, has been reported to be higher in individuals
with osteoarthritis.32 It has been hypothesized that vascular
pathology of subchondral small vessels could lead to local
ischemia and subsequent development of osteoarthritis.33,34
Le Clanche et al summarized a possible pathologic pathway
between hypertension and osteoarthritis in a recent review35
and attributed the connection to a reduced capacity of cells to
produce nitric oxide, as hypertension causes a narrowing of
the blood vessels.36 This again leads to reduced blood flow in
the subchondral bone, and thereby a compromised exchange
of nutrients and oxygen and degradation of cartilage.34 This
subchondral ischemia could also induce osteocyte apoptosis
in the subchondral bone, which again could lead to osteoclast
recruitment and subchondral bone loss.37
Persons <70 years with increased waist circumference had
an increased risk of TKR. Our results were concordant with
several previous studies reporting increased central obesity
to be a risk factor for osteoarthritis after adjustment for
BMI.4,15,38 It may be that the increased amount of abdominal
fat tissue releases inflammatory mediators (adipokines, free
fatty acids, reactive oxygen species) that, in turn, affect the
joints and cartilage.13,17,39 Another explanation could be that
a high BMI may be due to either a large muscle/skeletal
mass or a large amount of fat tissue. Overweight due to a
large muscle mass could, therefore, be less harmful for the
knees than overweight due to a large amount of abdominal
fat tissue. Waist circumference may, therefore, differentiate
these two groups.

Strengths and limitations
To the best of our knowledge, this is the largest prospective
population study addressing the association between metabolic syndrome and total joint replacement due to primary
osteoarthritis. In most cases, the metabolic syndrome components were measured many years prior to joint replacement.
The ability to adjust for multiple potential confounders was
a strength in this study. Even though the participation rate
in HUNT2 was fairly high compared to most other surveys,
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there is always a potential for selection bias.20 In particular,
men from young age groups had a lower participation rate.
However, since primary THR and TKR are most common in
the elderly population, the effect of this selection bias in our
study population should be minimal.
Information on potential change in exposure group during
follow-up was also a strength in this study. When excluding
participants who switched the exposure group during the first
10 years of follow-up, there was no longer an association
between hypertension and THR in persons >70 years, nor
was impaired glucose tolerance or diabetes associated with
THR in persons between 50 and 69.9 years or >70 years. The
apparent protective effects of these exposures in the main
analyses could, therefore, have been due to misclassification
of exposure.
When analyzing women and men separately, we found
that increased waist circumference was a risk factor for TKR
in both genders. However, only men with hypertension had an
increased risk of TKR. The reason for this difference is not
clear, as one would expect that an underlying biologic mechanism of subchondral ischemia was the same in both genders.
Further studies on a possible gender difference in hypertension and knee osteoarthritis are, therefore, warranted.
THR or TKR is very uncommon in persons <30 years, and
including this group in the analysis could have distorted the
results. In a sensitivity analysis excluding those <30 years,
we found that the risk of TKR in participants with hypertension was weakened (HR 1.29, 95% CI 0.98–1.70). This
could indicate that including young participants could lead
to overestimation of the effect of hypertension on TKR, and
this should be taken into account in further studies.
Participants taking antihypertensive medication and/
or with known diabetes were accounted for in the analysis
by including them in the hypertensive and impaired glucose tolerance groups, respectively. However, we did not
have information on cholesterol-lowering medication, and
this could have resulted in differential misclassification of
exposure as persons on medication were classified as having
normal serum levels, thus potentially weakening the association between HDL/triglycerides and joint replacement. This
possible misclassification may explain the reduced risk of
THR or TKR in persons with low HDL in both the highest
and lowest age strata (Table 2; Figure 2).
As previously described, a limitation in this study was
that we only had information on non-fasting serum blood
glucose. Our cutoff level of serum glucose ≥11.1 mmol/L
is likely to be a stricter definition of impaired glucose tolerance,23 and may thus have resulted in an underestimation of
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any association between impaired glucose tolerance/diabetes
and joint replacement.
Many participants may have had metabolic syndrome for
some time before entering the study. This could have led to a
bias in estimation resulting from studying prevalent exposure
rather than new exposure.40 We were not able to differentiate
between new and prevalent cases, and thus, the effect of this
prevalent cohort bias could have led to an underestimation
of any association between metabolic syndrome and total
joint replacement.
Waist circumference and BMI are correlated. Estimating
the correlation between waist circumference (dichotomous)
and BMI (continuous) gave an R2 of 0.38 in the age group
<50 years, 0.43 in the age group 50–69.9 years and 0.42 in
the age group ≥70 years. This corresponded to a variance
inflation factor (VIF) of 1.62, 1.75 and 1.72, respectively.
VIF estimates how much the variance of waist circumference
is inflated because of dependence on BMI. Thus, a VIF of
1.62 indicates that the variance of waist circumference is
62% larger than it would be if it was completely unrelated
to BMI. There are different opinions on when the correlation
is high enough to become a problem, but a VIF <4 may be
acceptable.41 However, it is difficult to exactly estimate the
effect of increased waist circumference, independent of BMI.
Education is used as an indicator of socioeconomic status,
and the HRs did not change significantly after adjusting for
this factor. In addition to this, the hospital care in Norway is
publicly financed and free of charge for patients. Therefore,
we do not think that socioeconomic factors represented a
major confounder in this material.
Previous injuries increase the risk of osteoarthritis, especially in the knee.42,43 Even though we did not have direct
information on previous injury, the operating surgeon had to
report whether the knee joint replacement was due to primary/
idiopathic osteoarthritis or a sequela from fracture, ligament
injury, meniscal injury, infection, rheumatoid arthritis or
ankylosing spondylitis. We only included joint replacement
due to primary/idiopathic osteoarthritis.
Validation of diagnoses from the NAR has only been
done for young adults <40 years of age undergoing THR
due to hip dysplasia,44 and is therefore inapplicable to our
study population. However, numbers from the Danish Hip
Arthroplasty Registry show a positive predictive value of
85% regarding the primary hip osteoarthritis diagnosis.45 The
results from the Danish registry are probably comparable to
the Norwegian registry.
The main clinical implication of this study was that we
did not find any increased risk of osteoarthritis in participants
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with metabolic syndrome. Metabolic syndrome may, therefore, not be an effective screening tool for identifying individuals with increased risk of THR or TKR. It is, however,
possible to identify two groups that should receive special
attention in reducing the risk of TKR due to osteoarthritis:
persons <70 years with increased waist circumference and
persons <50 years with hypertension. The clinical focus
should still be mainly on weight reduction, as this is also
an important first step in the treatment and prevention of
hypertension.46 However, treatment for the other metabolic
syndrome components is, of course, still advisable due to
their association with increased risk of cardiovascular disease.

Conclusion
This study found an increased risk of TKR in men
<50 years with hypertension and in persons <70 years with
increased waist circumference. Apart from this, neither
metabolic syndrome nor its components were associated with
increased risk of THR or TKR due to primary osteoarthritis.
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Supplementary materials
Table S1 Graphical evaluation of proportional hazards assumption for Cox regression, using log-minus-log plot for categorical variables
and Schoenfeld residual plot for continuous variables
THR

TKR
12

10

10

–In[–In(Survival probability)]

12

–In[–In(Suvival probability)]

Waist circumference

8

6

4

8

6

4
–6

–4

–2
0
In (analysis time)
Normal=0

2

4

–6

–4

Increased=1

–2
0
In (analysis time)
Normal=0

Blood pressure

2

4

Increased=1

12
–In[–In(Survival probability)]

–In[–In(Survival probability)]

10

8

6

4

10

8

6
4

2
–6

Triglycerides

–4

0
2
–2
In (analysis time)
Normal=0
Increased=1

4

–6

–4

–2
0
In (analysis time)
Normal=0

2

4

Increased=1

12

–In[–In(Survival probability)]

–In[–In(Survival probability)]

10
10

8

6

4
–4

0
–2
In (analysis time)
Normal=0

2

4

–6

–4

0
–2
In (analysis time)

2

4

–2
0
2
In (analysis time)
Normal=0
Low=1

4

Normal=0

High=1

High=1

12
–In[–In(Suvival probability)]

12
–In[–In(Survival probability)]

6

4
–6

HDL

8

10

10

8
6
4
–6

–4

–2
0
2
In (analysis time)
Normal=0
Low=1

4

8
6
4

–6

–4

(Continued)
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Table S1 (Continued)
THR
Diabetes or impaired
Glucose tolerance

TKR
12
–In[–In(Survival probability)]

–In[–In(Survival probability)]

12

10

10

8

6

4
–6

–4

–2
0
In (analysis time)
Normal=0

Metabolic syndrome

2

–In[–In(Survival probability)]

–In[–In(Survival probability)]

–2
0
In (analysis time)
Normal=0

8

6

4

2

4

Exposed=1

10

8

6

4
0
–2
In (analysis time)

–4

Unexposed=0

2

–6

4

0
–2
In (analysis time)

–4

Unexposed=0

Exposed=1

2

4

Exposed=1

12

20
15

–In[–In(Survival probability)]

–In[–In(Survival probability)]

–4

12

–6

10
5
0

10

8

6

–5

4
–6

–4

–2
0
In (analysis time)
Woman

2

4

–6

–4

–2
0
In (analysis time)

Man

Women

2

4

Men

1
Scaled schoenfeld - BMI_NT2BLM

1.5
Scaled schoenfeld - BMI_NT2BLM

–6

Exposed=1

10

BMI

6

4

4

12

Gender

8

1

0.5

0.5

0

–0.5

–0.5
0

5

Bandwidth=0.8

Age

10
Time (years)

15

0

20

5

Bandwidth=0.8

Scaled schoenfeld - partAg_NT2BLQ1

0.3
Scaled schoenfeld - partAg_NT2BLQ1

0

0.2

0.1

0

10
Time (years)

15

20

15

20

0.2

0.1

0

–0.1

–0.1
0
Bandwidth=0.8

5

10
Time (years)

15

20

–0.2

0

5

Bandwidth=0.8

10
Time (years)

Abbreviation: BMI, body mass index; HDL, high-density lipoprotein; THR, total hip replacement; TKR, total knee replacement.
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Table S2 Risk of THR or TKR by metabolic syndrome components and metabolic syndrome stratified on gender and agea
Women

Men

<50 years

50–69.9 years

≥70 years

<50 years

50–69.9 years

≥70 years

HR (95% CI)

HR (95% CI)

HR (95% CI)

HR (95% CI)

HR (95% CI)

HR (95% CI)

1.35 (0.88–2.08)
1.25 (0.94–1.66)
0.94 (0.68–1.32)
0.75 (0.54–1.03
No exposed cases
0.61* (0.39–0.95)

1.05 (0.83–1.32)
1.10 (0.90–1.35)
1.00 (0.84–1.19)
0.96 (0.79–1.16
0.48* (0.25–0.93)
0.96 (0.78–1.18)

1.25 (0.81–1.92)
0.54* (0.33–0.88)
1.04 (0.74–1.44)
0.91 (0.63–1.31)
0.34* (0.12–0.92)
0.92 (0.64–1.32)

0.78 (0.39–1.58)
0.92 (0.62–1.38)
0.74 (0.50–1.10)
0.62 (0.36–1.07)
2.31 (0.73–7.32)
0.51* (0.27–0.94)

1.15 (0.83–1.59)
1.09 (0.82–1.45)
0.82 (0.66–1.01)
0.93 (0.70–1.23)
0.65 (0.35–1.18)
0.86 (0.65–1.14)

1.15 (0.63–2.09)
0.77 (0.42–1.43)
0.66 (0.43–1.01)
0.71 (0.40–1.25)
0.24* (0.06–0.99)
0.68 (0.40–1.16)

1.48 (0.90–2.43)
1.15 (0.81–1.62)
0.77 (0.51–1.16)
0.69 (0.47–1.02)
0.94 (0.40–2.18)
0.86 (0.54–1.37)

1.34* (1.01–1.78)
1.09 (0.83–1.43)
1.17 (0.94–1.45)
1.17 (0.93–1.48)
0.28* (0.12–0.68)
1.28* (1.01–1.63)

1.59 (0.86–2.94)
0.62 (0.28–1.37)
1.26 (0.78–2.02)
0.72 (0.43–1.20)
0.94 (0.40–2.18)
1.46 (0.89–2.40)

1.76 (0.94–3.30)
1.90* (1.16–3.11)
1.19 (0.79–1.80)
0.62 (0.36–1.06)
0.67 (0.09–4.84)
0.87 (0.51–1.47)

1.65* (1.12–2.44)
1.40 (0.92–2.14)
0.87 (0.65–1.15)
0.77 (0.53–1.12)
1.38 (0.81–2.35)
0.95 (0.67–1.34)

1.51 (0.65–3.50)
0.80 (0.31–2.08)
1.35 (0.71–2.58)
0.16* (0.04–0.68)
0.52 (0.13–2.17)
1.01 (0.50–2.07)

THR
Increased waist circumference
Hypertension
High triglycerides
Low HDL
IGT or diabetes
Metabolic syndrome
TKR
Increased waist circumference
Hypertension
High triglycerides
Low HDL
IGT or diabetes
Metabolic syndrome

Notes: *Significant at p<0.05. aHRs adjusted for BMI, smoking, education and physical activity.
Abbreviations: BMI, body mass index; HDL, high-density lipoprotein; HR, hazard ratio; IGT, impaired glucose tolerance; THR, total hip replacement; TKR, total knee
replacement.
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Abstract
Background: To study whether thyroid function was associated with risk of hip or knee replacement due to
primary osteoarthritis.
Methods: In a prospective cohort study, data from the second and third survey of the Nord-Trøndelag Health
Study were linked to the Norwegian Arthroplasty Register in order to identify total hip or knee replacement as a
result of primary osteoarthritis.
Results: Among 37 891 participants without previously known thyroid disease we recorded 978 total hip
replacements (THRs) and 538 total knee replacements (TKRs) during a median follow-up time of 15.7 years. The
analyses were adjusted for sex, age, BMI (body mass index), smoking, physical activity and diabetes. We did not find
any association between TSH (thyroid stimulating hormone) and THR or TKR due to osteoarthritis. Neither were
changes in TSH over time, or overt hypo- or hyperthyroidism, associated with incidence of THR or TKR.
Conclusion: No association was found between thyroid function and hip or knee joint replacement due to
osteoarthritis.
Keywords: Thyroid function, Thyroid stimulating hormone, Osteoarthritis, Hip joint replacement, Knee joint
replacement

Background
Osteoarthritis in the hip and knee is a major health
problem and leads to significant morbidity [1]. Several
drugs have been evaluated, but so far only exercise has
been found to effectively prevent or delay the onset of
osteoarthritis [2, 3]. This finding emphasizes the importance of identifying modifiable risk factors. Thyroid
hormones play a role in the remodelling and maintenance of bone, and recent studies also indicate the potential importance of thyroid hormones in joints and
articular cartilage [4]. Genetic studies have suggested
* Correspondence: alf.hellevik@ntnu.no
1
The HUNT Research Centre, Department of Public Health and Nursing,
Faculty of Medicine and Health Sciences, Norwegian University of Science
and Technology (NTNU), Levanger, Norway
2
Division of Orthopaedic Surgery, Oslo University Hospital, Oslo, Norway
Full list of author information is available at the end of the article

that deiodinase-regulated local availability of the active
thyroid hormone triiodothyronine (T3) plays an important role in cartilage maintenance and repair [5]. Further
data have indicated that increased intracellular T3 availability increases the risk of osteoarthritis, leading to the
hypothesis that reduced tissue T3 availability protects
joints from development of osteoarthritis [6]. A phase
III clinical trial investigating the use of eprotirome, a
thyroid receptor β-agonist, for treatment of hypercholesterolemia [7], was terminated due to indications of dose
related articular cartilage damage in dogs which had
been treated with eprotirome for 12 months [8]. This
was surprising, as eprotirome is a liver-specific thyroid
receptor β-agonist, but it indicates that thyroid hormones influence cartilage [9] and could play a role in
the pathogenesis of osteoarthritis.

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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No prospective population studies have investigated
the association between thyroid function and osteoarthritis. An older cross-sectional study did not find any
association between radiological knee osteoarthritis and
thyroid status measured by thyroid stimulating hormone
(TSH) [10]. In this prospective cohort study of 37 891
individuals without previously known thyroid disease,
the aim was to assess whether thyroid function was associated with subsequent risk of hip or knee replacement
due to primary osteoarthritis.

Methods
In the Nord-Trøndelag Health Study (HUNT) all inhabitants of Nord-Trøndelag county ≥ 20 years of age were
invited to participate in three surveys: HUNT1
(1984–1986), HUNT2 (1995–1997) and HUNT3
(2006–2008) [11]. This study only included data from
the HUNT2 and HUNT3 surveys, as the HUNT1
study did not collect blood samples. HUNT2 had 65
237 participants (69.5% of those invited), and HUNT3
had 50 807 participants (54.1% of those invited) [12].
In HUNT2, TSH was measured in 35 269 persons; in
all women over 40 years old, in a random 50% sample of
men over 40 years old and in a random 5% sample of
participants aged 20–40 years. In HUNT3, TSH was
measured in all 49 179 participants. We included 35 269
participants from HUNT2 and 13 132 new participants
with TSH measurements from HUNT3. In persons that
participated in both HUNT2 and HUNT3, baseline measurements from HUNT2 were used in the main analyses.
Among these 48 401 individuals, 10 510 were excluded
from analysis (Fig. 1). The exclusion criteria included
self-reported thyroid disease (hypothyroidism, hyperthyroidism, goitre, other thyroid disease, use of levothyroxine, carbimazole, previous thyroid surgery or radioiodine
therapy) (n = 3895), missing information on BMI (n = 364),
missing information on smoking (n = 962), previous THR
or TKR (n = 644), missing date of operation (n = 99), emigration during baseline measurements period (n = 1) or
self-reported osteoarthritis at baseline (n = 4545). Thus, a
total of 37 891 people (22 714 women and 15 177 men)
were eligible for follow-up in this study. Each participant
contributed person-years from baseline (either between
August 1995 and June 1997 or between October 2006 and
June 2008) until a THR or TKR due to osteoarthritis, THR
or TKR due to other causes, migration, death or end of
follow-up (December 31, 2013), whichever occurred first.
Measurements

The participants filled out a self-administered questionnaire, including history of thyroid disease [13]. The
survey also included measurements of height and weight
by trained personnel. Weight was measured while the
participants were wearing light clothing without shoes.

Fig. 1 Flowchart (TSH: Thyroid stimulating hormone)

BMI was calculated as weight in kilograms divided by
squared height in metres.
A non-fasting venous blood sample was drawn from
each participant. Concentrations of TSH, free thyroxine
(fT4) and total triiodothyronine (T3) in HUNT2 were
measured at the Hormone Laboratory, Aker University
Hospital, Oslo, using DELFIA hTSH Ultra (sensitivity,
0.03 mU/L; and total analytic variation <5%), DELFIA
fT4 (total analytic variation <7%), and AutoDELFIA T3
(total analytic variation <5%), all from Wallac Oy, Turku,
Finland. In HUNT3, serum TSH and fT4 were measured
at Levanger Hospital, Levanger, Norway, using Architect
cSystems ci8200 (sensitivity, 0.01 mU/l; and a total analytic variation <5%), and Architect cSystems ci8200 (total
analytic variation <6%), respectively, both from Abbott,
Clinical Chemistry, USA. The measurement methods of
TSH in HUNT2 and HUNT3 have previously been
compared, with similar results [14], and agreement
expressed by Bland-Altman [15] did not reveal any obvious pattern or deviations. The Norwegian population
is considered to have sufficient iodine intake [16], and
reference range for clinically normal TSH was defined
as 0.50 to 3.5 mU/l based on previous publications
from this population [13].
Covariates

The covariates were chosen based on previous literature, and had to be associated with both thyroid function and osteoarthritis. We mapped possible casual
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pathways between all variables using a directed acyclic
graph model (DAG) (Appendix) to visually identify
possible confounding pathways [17]. Based on this
DAG-model, the possible confounders included in this
analysis were sex, age (continuous), BMI (continuous),
current smoking status (never, former or current), diabetes (yes or no) and physical activity. Physical activity
was categorized by duration of light physical activity
(none, <1, 1–2, ≥3 h/week), and/or duration of hard
physical activity (none, <1, 1–2, ≥3 h/week). The physical activity questions have been previously validated
among men, where especially hard physical activity correlated well with more objective measures [18]. These
two variables were combined into one physical activity
variable indicating intensity and duration: None (no activity), medium (≤2 h/week light physical activity and/
or < 1 h/week hard physical activity), hard (≥ 3 h/week
light physical activity and/or ≥ 1 h/week hard physical
activity).
Osteoarthritis at baseline was based on an affirmative
answer to the question: “Has a doctor ever said that you
have/have had osteoarthritis?” from HUNT2 participants, and “Have you had or do you have osteoarthritis?”
from HUNT3 participants.
Outcome

In this study, primary total hip or knee replacement was
considered to be a surrogate measure of severe osteoarthritis; and we used primary total hip or knee replacement
due to primary osteoarthritis as outcome. The 11-digit
identification numbers assigned to every Norwegian
citizen enabled linkage to the Norwegian Arthroplasty
Register (NAR). For each arthroplasty performed, the
orthopaedic surgeon submits a standardized form containing information about the patient, the diagnosis that
led to the arthroplasty, the procedure and the type of implant used [19]. NAR was established in 1987 and includes
all artificial joints from 1994 onwards. The completeness
of hip and knee replacement registration is over 95% [20].
Statistical methods

The participants were placed in five categories according
to their TSH level: One category indicating hyperthyroid
function (<0.50 mU/l); three categories within the clinical
reference range (0.50–1.49, 1.5–2.49 and 2.5–3.5 mU/l);
and one category indicating hypothyroid function (≥3.5
mU/l) [21]. Hazard ratios (HRs) of THR or TKR by category of TSH were estimated using a Cox proportional
hazards model with 95% confidence interval (CI); TSH
1.5–2.49 mU/l was chosen as a reference. TSH was also
analysed as both a continuous variable, and as logtransformed continuous TSH. The HRs were adjusted for
age, sex, BMI and smoking. An additional analysis also adjusted for physical activity and diabetes. We treated THR
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and TKR both as separate outcomes and combined in one
outcome variable of total joint replacement (TJR).
A sub-analysis included only persons that participated
in both HUNT2 and HUNT3 (n = 19 397). TSH levels at
HUNT3 were then subtracted from the TSH levels in
HUNT2 to estimate the change in TSH during the intervening decade. Information on the other baseline covariates was taken from HUNT3. Among these participants
a total of 7740 were excluded due to self-reported
thyroid disease (n = 2744), missing information on BMI
(n = 108), missing information on smoking (n = 621),
previous THR or TKR (n = 928), missing date of operation (n = 29) or self-reported osteoarthritis at baseline
(n = 3310). Thus, a total of 11 657 people were eligible
for this sub-analysis. This sub-population was also used
in an analysis that investigated whether the results changed when those who had started on thyroid medication
after baseline in HUNT2 were excluded.
In a sensitivity analysis people were divided into
two groups, one with biochemically manifest (overt)
hypothyroidism (defined as TSH >4.0 mU/L combined
with fT4 < 8.0 pmol/L), and the other with overt
hyperthyroidism (defined as TSH <0.10 mU/L and
fT4 > 20.0 pmol/L and/or total T3 > 2.7 nmol/L). This
classification by overt hypo- or hyperthyroidism was
made possible by the fT4 measurements taken in
people whose TSH levels were <0.20 mU/l or >4.0
mU/l in HUNT2, and in people whose levels were
<0.10 mU/l or >3.0 mU/l in HUNT3. Total T3 was
only available in HUNT2 and only measured if TSH
levels were <0.20mU/L.
Two additional analyses were performed on the baseline
population: First, we investigated the association between
TSH level (categorical) and self-reported osteoarthritis at
baseline by using a logistic regression model, adjusting for sex, age, BMI, smoking, physical activity and
diabetes. Second, we compared the incidence rate of
THR or TKR in participants with and without selfreported thyroid disease at baseline using Fisher’s
Exact test. After excluding participants with missing
information on BMI and smoking, previous THR or
TKR, missing date of operation or self-reported
osteoarthritis at baseline, 2955 participants reported
thyroid disease.
Proportional hazards assumptions were evaluated by
Schoenfeld residuals tests. They showed proportional
hazards on all covariates, except for age. Thus we did
an additional stratified analysis on age, but it did not
show different results (data not shown). Age was
therefore kept as a continuous variable in all our analyses. All statistical analyses were two-sided with a
significance level of p < 0.05. The analyses were performed using Stata 14.0/SE (StataCorp LP, College
Station, TX, USA).
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Results
Of the 37 891 participants, 908 (2.4%) had low TSH
(<0.50 mU/l) indicating hyperthyroid function, and 2307
(6.1%) had high TSH (≥3.6 mU/l) indicating hypothyroid
function (Table 1). Among the women, 6.9% had high
TSH, compared to 4.8% of men. Participants with high
TSH were generally older and were less likely to be
current smokers than participants in the reference group
(TSH 1.5–2.4 mU/l). No clear trend was seen in relation
to physical activity.
In total, 978 received THR and 538 received TKR during a median follow-up time of 15.7 years (mean 12.3
years). At baseline, the mean age was 50.7 years (SD
15.8), and the mean ages at THR and TKR were 69.5
years (SD 8.9) and 69.4 years (SD 8.4), respectively.
TSH level did not influence the risk of THR or TKR in
the unadjusted analysis or the analysis adjusted for gender,
age, BMI and smoking (Table 2). Neither additional adjustment for physical activity and diabetes (Table 2), nor
collapsing the outcome variable into total joint replacement (TJR) (Table 3), altered these results. Analyses using
TSH as a continuous variable did not show any association between TSH and THR or TKR (Fig. 2). Additional
log-transformation of TSH as a continuous variable did
not significantly change these results (data not shown).
In a separate analysis studying the change in TSH
(delta-TSH) during the time between HUNT2 and
HUNT3, 11 657 participants were included. Of these,
200 received THR and 102 received TKR during a mean
follow-up time of 6.1 years. No association was seen between changes in TSH and risk of THR or TKR (Fig. 3).
Additional adjustment for baseline TSH did not substantially alter these results. The same sub-population was

also used to identify persons with no thyroid disease or
treatment at baseline in HUNT2 who still had no
thyroid disease or treatment at HUNT3. However, no
association between TSH and THR (HR 1.00, 95%
CI 0.97–1.02) or TKR (HR 0.98, 95% CI 0.94–1.03)
was found.
In a sensitivity analysis neither overt hypo- nor hyperthyroid function was found to influence the risk of THR
or TKR, (HR 0.91, 95% CI 0.40–2.04) and (HR 2.01, 95%
CI 0.75–5.4) respectively. Also, no association was found
between overt hypothyroid function and TKR (HR 1.03,
95% CI 0.38–2.78). There were no cases of TKR amongst
the overtly hyperthyroid, so no analysis could be performed in this subgroup.
In additional analyses on the baseline population, there
was no association between TSH levels and self-reported
osteoarthritis at baseline (data not shown). Those with
self-reported thyroid disease at baseline had an incidence
rate of 0.0027 THR per person-year and 0.0015 TKR per
person-year. Our main study population (excluding those
with self-reported thyroid disease) had an incidence rate
of 0.0021 THR per person-year and 0.0012 TKR per
person-year. This gave and incidence rate ratio of
1.28 (95% CI 1.04–1.56) for THR, and 1.27 (95% CI
0.95–1.95) for TKR, and indicated a slightly higher
incidence rate for THR in those with self-reported
thyroid disease, but no significant difference in the
incidence rate for TKR, compared to participants
without self-reported thyroid disease.

Discussion
In this large prospective study we did not find any association between thyroid function and the risk of THR or

Table 1 Study population characteristics in relation to thyroid stimulating hormone (TSH) categories
Serum TSH
<0.50

Total

0.50–1.49

1.5–2.49

2.5–3.49

≥3.5

Participants (%)

908

(2.4)

17675

(46.7)

13228

(34.9)

3773

(10.0)

2307

(6.1)

37891

Women (%)

651

(2.9)

10405

(45.8)

7738

(34.1)

2346

(10.3)

1574

(6.9)

22714

(60.0)

Men (%)

257

(1.7)

7270

(47.9)

5490

(36.2)

1427

(9.4)

733

(4.8)

15177

(40.0)

Age (SD)

50.7

(16.7)

48.2

(15.3)

51.6

(15.6)

54.9

(15.9)

58.3

(15.3)

50.7

(15.8)

BMI (SD)

25.9

(4.4)

26.1

(4.1)

26.8

(4.2)

27.1

(4.4)

27.2

(4.5)

26.5

(4.2)

Never

335

(36.9)

6778

(38.3)

6080

(46.0)

1869

(49.5)

1167

(50.6)

16229

(42.8)

Former

236

(26.0)

4683

(26.5)

3768

(28.5)

1120

(29.7)

723

(31.3)

10530

(27.8)

Current

337

(37.1)

6214

(35.2)

3380

(25.5)

784

(20.8)

417

(18.1)

11132

(29.4)

Smoking status (%)

Physical activity (%) (missing = 6826)
Low

46

(6.5)

862

(6.0)

719

(6.6)

232

(7.4)

151

(8.2)

2010

(6.5)

Medium

371

(52.8)

7226

(49.9)

5454

(50.0)

1555

(49.7)

921

(50.1)

15527

(50.0)

High

286

(40.7)

6394

(44.1)

4738

(43.4)

1344

(42.9)

766

(41.7)

13528

(43.6)

55

(6.1)

613

(3.5)

559

(4.2)

173

(4.6)

115

(5.0)

1515

4.0

Diabetes (%) (missing = 56)
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Table 2 Association between TSH categories and hip or knee replacement due to osteoarthritis
Persons (n)

Cases (n)

HRa

(95% CI)

HRb

(95% CI)

HRc

(95% CI)

< 0.50

908

21

0.98

(0.63–1.53)

0.99

(0.64–1.53)

1.04

(0.63–1.69)

0.50–1.49

17675

411

0.93

(0.81–1.08)

1.07

(0.93–1.24)

1.09

(0.94–1.28)

1.5–2.49

13228

359

1

Reference

1

Reference

1

Reference

2.5–3.49

3773

105

0.98

(0.79–1.22)

0.85

(0.68–1.05)

0.88

(0.69–1.11)

> 3.5

2307

82

1.22

(0.96–1.55)

0.96

(0.76–1.22)

0.98

(0.75–1.27)

< 0.50

908

14

1.26

(0.73–2.16)

1.32

(0.76–2.26)

1.33

(0.74–2.4)

0.50–1.49

17675

224

0.97

(0.80–1.18)

1.15

(0.95–1.40)

1.12

(0.91–1.37)

1.5–2.49

13228

191

1

Reference

1

Reference

1

Reference

2.5–3.49

3773

64

1.12

(0.84–1.48)

0.94

(0.71–1.25)

0.88

(0.65–1.20)

> 3.5

2307

45

1.24

(0.90–1.72)

0.98

(0.70–1.35)

0.87

(0.61–1.25)

TSH (mU/L)
THR

TKR

(THR total hip replacement, TKR total knee replacement)
a
Unadjusted
b
Adjusted for age, sex, BMI and smoking
c
Adjusted for age, sex, BMI, smoking, physical activity and diabetes

TKR due to osteoarthritis. Neither were changes in TSH
over time, or overt hypo- or hyperthyroidism, associated
with incidence of THR or TKR.
Few previous population studies have investigated the
association of thyroid function with risk of osteoarthritis.
In 1996, a cross-sectional study of 577 men and 798
women found no evidence of a significant association
between current thyroid status and either chondrocalcinosis or osteoarthritis [10]. However, that study only investigated prevalent osteoarthritis with a concurrent
serum TSH concentration and could not take into account development in TSH or later treatment for abnormal thyroid function. Since our study could use data
from both the second and third waves of the HUNTsurvey, we were able to investigate the development of
TSH over a median time of 11.2 years (SD 0.6). Change
in TSH over time was however not associated with
osteoarthritis development resulting in the need for joint
replacement.
Previous or current thyroid disease at baseline was an
exclusion criterion in our study. Nonetheless, all

participants with TSH levels suggesting hypothyroid or
hyperthyroid function may have received medical treatment for thyroid disease during the follow-up period,
as participants with biochemical indication of pathological thyroid function were recommended to contact
their general practitioners [22]. This could have weakened any association between TSH and osteoarthritis.
We therefore did a sub-analysis of persons that participated in both HUNT2 and HUNT3, and excluded
participants that reported use of thyroid medication or
thyroid disease in HUNT3. This did not significantly
alter the results.
Our findings must be interpreted in relation to recent genetic studies on intracellular T3 availability in
joint cartilage. There has been an increased interest
in the effect of deiodinase polymorphisms on osteoarthritis [5]. Iodothyronine deiodinases represent a
family of proteins involved in local homeostasis of
thyroxine (T4) and triiodothyronine (T3). Three deiodinases have been described and, of these, the deiodinase type 2 (D2) and deiodinase type 3 (D3) are

Table 3 Association between TSH categories and total joint replacement (TJR) in the hip or knee due to osteoarthritis
TSH (mU/L)

Persons (n)

Cases (n)

HRa

(95% CI)

HRb

(95% CI)

HRc

(95% CI)

<0.50

908

35

1.08

(0.77–1.52)

1.10

(0.78–1.55)

1.15

(0.79–1.67)

0.50–1.49

17675

635

0.95

(0.84–1.06)

1.10

(0.98–1.23)

1.10

(0.97–1.25)

1.5–2.49

13228

550

1

Reference

1

Reference

1

Reference

2.5–3.49

3773

169

1.03

(0.87–1.22)

0.88

(0.74–1.05)

0.88

(0.73–1.06)

>3.5

2307

127

1.23

(1.01–1.49)

0.97

(0.80–1.17)

0.94

(0.76–1.16)

a

Unadjusted
b
Adjusted for age, sex, BMI and smoking
c
Adjusted for age, sex, BMI, smoking, physical activity and diabetes
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Strengths and limitations

Fig. 2 Association between continuous TSH and total hip replacement
(THR) or total knee replacement (TKR) due to osteoarthritis. (Adjusted
for age, sex, BMI, smoking, physical activity and diabetes)

detected in bone and cartilage. D2 plays a major role
in conversion of T4 to biologically active T3 [23] and
thus upregulates local T3 levels. Deiodinase type 3
(D3) is the main T3-inactivating enzyme and consequently downregulates the local T3 levels. T3 is
considered an important regulator of chondrocyte cell
growth and differentiation in the endochondral
growth plate [24]. Local T3 availability, regulated by
the opposite functions of D2 and D3, may be a determinant of osteoarthritis development. D2 has been
reported to be upregulated in the cartilage of joints
affected by osteoarthritis compared to joints unaffected by osteoarthritis [25, 26]. However, it is not
known if this is a result of the ongoing osteoarthritis
process, or a reflection of the underlying disease
pathway. Taken together, these findings suggest that
deiodinase regulated local availability of T3 in chondrocytes is a possible factor in the pathophysiology of
osteoarthritis [27, 28]. Since our study did not find
any association between circulating TSH, T3/T4
levels and osteoarthritis, it is conceivable that the
serum thyroid hormone levels may be independent
of local intracellular T3 levels in joints. Another
possible explanation could be that polymorphism in
the gene coding for D2 creates a predisposition for
non-optimal bone shape [29, 30], leading to increased risk of osteoarthritis independent of local
thyroid hormone levels.

Fig. 3 Association between change in TSH (delta TSH) and total hip
replacement (THR) or total knee replacement (TKR) due to
osteoarthritis. (Adjusted for age, sex, BMI and smoking)

Our study included over 37 000 persons without known
thyroid disease at baseline, and in most cases thyroid
function was measured many years prior to joint replacement. To the best of our knowledge, this is the
first prospective population study addressing the association between thyroid function and joint replacement
due to primary osteoarthritis. The prospective design
and longitudinal data on TSH measurements are
strengths of this study. By excluding participants with
self-reported osteoarthritis at baseline it was possible to
differentiate between risk of osteoarthritis development
and progression.
Our study used joint replacement due to primary
osteoarthritis as a surrogate measure of severe osteoarthritis. Validation of the osteoarthrosis diagnosis from
the Norwegian Arthroplasty Register has not been done
in an unselected population [31]. However, the Danish
hip Arthroplasty Registry has reported a positive predictive value of 85% regarding primary hip osteoarthritis
diagnosis [32], and it is likely that these results are
comparable to the Norwegian Arthroplasty Register. The
advantage of using joint replacement as a proxy for
osteoarthritis is its unambiguous connection with disease burden of osteoarthritis compared to other osteoarthritis definitions, e.g., radiographic criteria, symptom
criteria or osteoarthritis defined by self-reported diagnosis [33]. However, this outcome measure is still limited
in some respects, most importantly, that patients’ health
status and potential comorbidities influence orthopaedic
surgeons’ choices regarding operative treatment. Secondly, persons with moderate osteoarthritis who engage
in demanding physical activities could be more motivated to have surgery than less active persons. Persons who are generally inactive may be less motivated
to have surgery even if they have more severe osteoarthritis. This could give a healthy patient selection
bias with corresponding underestimation of the effect
of thyroid function.
Previous injuries increase the risk of knee osteoarthritis [34, 35], but only joint replacements due to primary/idiopathic osteoarthritis were included in our
study. We did not have direct information on previous
injury, but we excluded all cases in which the operating
surgeon reported that the knee joint replacement was
due to sequela from fracture, ligament injury, meniscal
injury, infection, rheumatoid arthritis or ankylosing
spondylitis.
The interrelationship between BMI and thyroid function is complex and BMI could be treated as either a
confounder or a mediator in our model [36]. The reason
we chose to define it as a confounder was that we
wanted to investigate the direct effect of thyroid function
on joint replacement, independent of BMI. Potential
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confounding by other unmeasured factors could not be
excluded. But these factors should then be associated
with both thyrotropin level and osteoarthritis. Therefore,
we did not adjust for level of education in this study
(Appendix).
The participation rate in the HUNT-surveys was fairly
high compared to most other surveys, but there is
always a potential risk of selection bias that cannot be
adjusted for in the statistical analysis [37]. Blood samples
were not drawn at a set time of the day, and it is known
that other factors like exercise and sleep deprivation
influence TSH levels [38]. This might have led to nondifferential classification bias, thus weakening any
associations. We also only had data on fT4 and T3 in
subpopulations. Therefore, the absolute numbers of
participants with overt hypo- or hyperthyroidism were
small, reducing the power to detect any association
between them and euthyroid subject and should thus be
interpreted with caution.
This study focused on the relationship between thyroid
function and osteoarthritis. However, there may also be
an association between autoimmune thyroid disease and
osteoarthritis [39]. As thyroid autoantibody not necessarily correlate with thyroid function, an association
between thyroid function and osteoarthritis trough autoimmune factors could be missed in our study.
The exclusion of participants who reported hypo- or
hyperthyroidism in their answers regarding use of treatment or medication might have caused misclassification
since radioiodine is used in the treatment of cancer and
T4 in the medical treatment of goitre. However, these
treatments are infrequent, and it is unlikely that they
substantially altered our results.
In the analysis comparing incidence rate of THR in
people with and without self-reported thyroid disease we
found a small, but significant, increased risk of THR in
people reporting thyroid disease. And since we excluded
participants with self-reported thyroid disease, this might
have led to an underestimation of the effect on THR. We
therefore did an additional analysis including those with
self-reported thyroid disease: This showed no association
between TSH levels and THR in a Cox-regression model
(data not shown), and thus confirmed the findings from
the primary analysis.

Conclusion
In this prospective study of 37 891 participants without
previously known thyroid disease, we did not find that
thyroid function was associated with risk of hip or knee
joint replacement due to osteoarthritis. Neither did we
find any association between TSH development over
time and risk of hip or knee joint replacement due to
osteoarthritis.
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Appendix

Fig. 4 Direct Acyclic Graph (DAG) – analysis. Figure showing
possible casual pathways between variables
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Objective: To investigate whether parity, age at menarche, menopausal status, age at menopause, use of
oral contraceptives (OC) or use of hormone replacement therapy (HRT) were associated with total knee
replacement (TKR) or total hip replacement (THR) due to primary osteoarthritis.
Method: In a prospective cohort study of 30,289 women from the second and third surveys of the NordTrøndelag Health Study, data were linked to the Norwegian Arthroplasty Register (NAR) in order to
identify TKR or THR due to primary osteoarthritis. Cox proportional hazards models were used to estimate the hazard ratios (HRs).
Results: We observed 430 TKRs and 675 THRs during a mean follow-up time of 8.3 years. Increasing age
at menarche was inversely associated with the risk of TKR (P-trend < 0.001). Past users and users of
systemic HRT were at higher risk of TKR compared to never users (HR 1.42 (95% conﬁdence interval (CI)
1.06e1.90) and HR 1.40 (95% CI 1.03e1.90), respectively). No association was found between parity, age at
menarche, menopausal status, age at menopause, oral contraceptive use or HRT use and THR.
Conclusion: We found that increasing age at menarche reduced the risk of TKR. Past users and users of
systemic HRT were at higher risk of TKR compared to never users. Parity did not increase the risk of THR
or TKR.
© 2017 The Author(s). Published by Elsevier Ltd on behalf of Osteoarthritis Research Society
International. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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Introduction
Osteoarthritis is probably the result of a complex interplay between genetic, cellular and biomechanical factors. A better
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understanding of the risk factors and, thereby, groups at risk, would
make it possible to target effective public health preventions1.
There is a rise in osteoarthritis prevalence in women after
menopause2. The ﬁndings from epidemiologic studies on reproductive history (parity, age at menarche, menopausal status and
age at menopause) and hormonal factors (oral contraceptives (OC)
and hormone replacement therapy (HRT)) in relation to osteoarthritis have been conﬂicting. Increasing parity has been reported as
a risk factor for radiographic osteoarthritis in the knee3 as well as
total knee replacement (TKR) and total hip replacement (THR)4.
However, some studies have not found any association between
parity and radiographic joint space narrowing, osteophytes or
changes in either cartilage volume or cartilage defects5. A large,
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1063-4584/© 2017 The Author(s). Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International. This is an open access article under the CC BY-NC-ND
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prospective cohort study reported that low age at menarche
increased the risk of TKR4, but this ﬁnding has not yet been
conﬁrmed by other studies. The use of OC has not been associated
with osteoarthritis in most studies5e8, except one that reported a
possible increased risk of THR9. HRT has been shown to have a
protective effect on osteoarthritis in some studies7,10,11, while
others have found it to have no effect12e15 or even adverse effects4.
The aim of this study was to investigate the association between
reproductive history and use of hormonal therapies and the risk of
TKR or THR due to osteoarthritis in a prospective cohort study.
Methods
In the Nord-Trøndelag Health Study (HUNT)16 all inhabitants of
Nord-Trøndelag county  20 years of age were invited to participate in three surveys: HUNT1 (1984e1986), HUNT2 (1995e1997)
and HUNT3 (2006e2008)17. In total, 35,280 women participated in
HUNT2 (75.5% of those invited), and 27,758 in HUNT3 (58.7% of
those invited)17. Our study only included baseline data from HUNT2
or HUNT3 as these surveys included questionnaire and interview
data on reproductive history and covariates. We included women
aged 30 years at baseline, and our study population consisted of
11,746 participants from HUNT2, 20,459 participants of both
HUNT2 and HUNT3 and 4652 participants from HUNT3 alone. For
those who participated in both HUNT2 and HUNT3, we used
baseline measurements from HUNT3 in order to include as much
information as possible on reproductive history and eventual use of
HRT. In this study we deﬁned reproductive history as parity, age at
menarche, years of menstruation and age at menopause. Hormonal
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therapies included use of OC and use of HRT. Height and weight
were measured by trained personnel. Body mass index (BMI) was
calculated as weight in kilograms divided by squared height in
metres. Bilateral oophorectomy in premenopausal women induces
premature menopause18, and women who undergo a hysterectomy
with ovarian preservation may almost double their risk of premature menopause compared to women with intact uteri19. We
therefore chose to exclude both of these groups at
baseline (n ¼ 3710). After also excluding 1183 participants with
joint replacement before recruitment, 91 with missing date of
operation, 436 with missing BMI and 1148 with missing information on smoking, the analyses included 30,289 women (Fig. 1).
For follow-up, we identiﬁed cases with a TKR or THR due to
primary osteoarthritis, according to the operating surgeon, using
information from the Norwegian Arthroplasty Register (NAR). This
linkage was conducted using the 11-digit personal identiﬁcation
number that is unique to each Norwegian citizen. NAR contains a
record of over 95% of all TKRs and THRs in Norway20. If a person had
more than one arthroplasty, only the ﬁrst procedure was considered as the event.
Cox proportional hazards models were used to estimate the
hazard ratios (HRs) of TKR and THR according to parity (nulliparous, 1, 2, 3, 4þ births), age at menarche (11, 12, 13, 14, 15þ years),
menopausal status (pre/peri- and postmenopausal), age at
menopause (48, 49e51, 52þ years), years of menstruation (age
at menopause minus age at menarche), oral contraceptive use
(never or ever, and duration of use) and HRT use (never, past,
current; local or systemic and duration of use). Age was used as
the time scale in the analyses. Model 1 adjusted for BMI

Fig. 1. Flowchart.
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(continuous) and smoking (never, former or current). The fully
adjusted model 2 also adjusted for physical activity (none, medium, hard) and other reproductive variables as appropriate for
the individual exposures. Each exposure was analysed for its
interrelationship with other potential hormone-related confounders in a direct acyclic graph (DAG), resulting in a slightly
different set of confounders for each exposure (Table A,
Appendix). In these DAG analyses, diabetes was only found to be
a potential confounder to parity and age at menarche, and thus
only adjusted for in these two analyses.
Information on education level was only available for 8745
participants from HUNT2, and an additional sensitivity analysis
adjusting for education was performed on this group. Education
level was evaluated to be a confounder to parity, oral contraceptive
use and HRT (Tables B and C, Appendix), and was deﬁned as the
highest level of completed education (primary/vocational, secondary or post-secondary).
The analyses examining age at menopause were limited to
postmenopausal women who had never used HRT. The tests for
linear trends were based on the categorical variables scored as the
mean of each category. All statistical analyses were two-sided with
a signiﬁcance level of P < 0.05. The analyses were performed using
Stata 14.0/SE (StataCorp LP, College Station, TX, USA). Tests based on
Cox regression methods showed no evidence that proportional
hazard assumptions were violated.
Ethics
The participants signed written informed consent for participation in HUNT, NAR and linkage of data to national health registries.

This study was approved by the Norwegian Regional Committee for
Ethics in Medical Research (2013/151/REK Sør-Øst C).
Results
For the 30,289 women included in the study population, the
mean age at baseline was 55.7 and mean follow-up time was 8.3
years (SD 4.5). In total, 430 participants had a primary TKR, and 675
had a THR, due to primary osteoarthritis.
Women who reported age at menarche of 11 years were older
at baseline than those who reported menarche at 15 years
(Table I). Never users of OC were older than ever users, and past or
current users of HRT were older than never users. BMI slightly
decreased with increasing age at menarche. A lower portion of the
women with higher age at menarche smoked. There was a higher
prevalence of diabetes in women who were never oral contraceptive users. Hard physical activity was more prevalent in premenopausal women and oral contraceptive users. Women that received a
TKR or THR during follow-up were older, and there were a higher
percentage of past or current HRT users than among those who did
not get a joint replacement (Table II).
Increasing age at menarche was inversely associated with the risk
of TKR (P-trend < 0.001) (Table III). Compared to women with early
menarche, those with menarche at 14 years and 15 years had a
signiﬁcantly lower risk of TKR (HR 0.64, 95% conﬁdence interval (CI)
0.43e0.95; and HR 0.52, 95% CI 0.34e0.80; respectively). The
number of years of menstruation between menarche and menopause was not associated with TKR. Past users of HRT were at higher
risk of TKR compared to never users (HR 1.42, 95% CI 1.06e1.90), but
only those who used systemic HRT compared to local treatment (HR

Table I
Study population characteristics at baseline (OC: Oral contraceptives; HRT: Hormone replacement therapy)
n
All women
Parity
Nulliparous
1168
1
2966
2
10,649
3
8818
4
5322
Missing
1366
Age at menarche, years*
11
2683
12
5502
13
7554
14
7227
15
6129
Missing/unknown
1194
Menopausal statusy
Pre/peri
10,336
Post
14,922
Missing/unknown
2855
Age at menopause, yearsz
48
4815
49e51
5090
52
5017
OC usex
Never
6202
Ever
11,924
Missing
5733
HRT use
Never
22,203
Past
2536
Current
2003
Missing
3547
*
y
z
x

%

Mean age

SD

BMI

SD

Current smokers (%)

Diabetes (%)

Hard physical activity (%)

missing ¼ 28

missing ¼ 6253

4.0
10.3
36.8
30.5
18.4

58.2
53.6
52.7
55.0
63.6
54.9

18.9
16.2
14.2
14.2
14.1
16.5

27.0
26.9
26.6
26.9
27.9
27.1

5.1
5.2
4.6
4.7
4.9
5.6

28.4
33.4
29.9
27.5
25.8
22.2

4.8
3.9
3.3
4.0
7.0
4.3

36.4
44.2
49.3
48.5
39.3
53.7

9.2
18.9
26.0
24.8
21.1

50.7
52.2
53.2
57.2
60.5
64.4

12.9
14.1
14.5
15.2
15.4
16.6

28.5
27.6
27.0
26.6
26.2
27.1

5.4
5.0
4.7
4.6
4.5
4.9

33.7
29.7
29.4
27.8
26.1
20.8

5.6
4.4
3.4
4.2
4.6
5.2

49.9
47.2
48.2
47.0
43.9
34.4

40.9
59.1

41.9
65.8
63.2

6.9
10.2
16.7

26.5
27.4
27.0

4.9
4.7
5.0

32.1
25.0
31.5

1.4
6.2
6.6

50.5
44.6
32.6

32.3
34.1
33.6

64.7
66.6
65.9

11.2
10.4
9.0

27.3
27.3
27.6

4.9
4.6
4.7

48.2
31.6
20.3

5.7
6.3
6.6

42.7
44.1
47.0

34.2
65.8

56.7
46.0
50.1

9.7
9.8
11.1

27.4
26.5
26.9

5.0
4.7
5.0

29.8
31.4
37.7

4.6
1.9
3.1

46.3
52.4
42.1

83.0
9.5
7.5

52.3
64.4
64.4
65.5

14.5
9.5
10.2
16.5

26.9
27.1
27.1
27.1

4.9
4.6
4.4
4.9

29.2
24.2
23.0
29.8

3.5
5.3
5.4
7.6

48.4
48.0
46.4
30.9

Asked of women who were between 19 and 55 years old in HUNT3, but asked of all women in HUNT2.
Excluded those with amenorrhoea after surgery or radiotherapy (n ¼ 2176).
Only in postmenopausal women.
Only information in women  70 years.
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Table II
Study population characteristics at baseline in all women, and those who received a total knee replacement (TKR) or total hip replacement (THR)

Mean age, years (SD)
BMI, mean (SD)
Current smokers, n (%)
Diabetes, n (%)
Hard physical activity, n (%)
Parity, mean (SD)
Age at menarche, mean (SD)*
Years of menstruation, mean (SD)
Postmenopausal, n (%)y
Age at menopause, mean (SD)z
Ever users of oral contraceptives, n (%)x
Past users of HRT, n (%)
Current users of HRT, n (%)
*
y
z
x

All women
n ¼ 30,289

TKR
n ¼ 430

THR
n ¼ 675

55.7
27.0
8613
1293
11,200
2.6
13.4
36.0
14,922
49.6
11,924
2536
2003

64.3
30.8
83
23
139
2.9
13.2
36.6
341
49.8
103
69
57

65.6
28.7
159
33
232
2.9
13.6
36.2
515
49.9
133
88
95

(15.2)
(4.8)
(28.4)
(4.3)
(37.0)
(1.3)
(1.5)
(4.6)
(59.1)
(4.4)
(65.8)
(9.5)
(7.5)

(10.6)
(5.3)
(19.3)
(5.4)
(39.8)
(1.4)
(1.5)
(4.7)
(88.1)
(4.4)
(44.2)
(18.7)
(15.5)

(10.5)
(4.8)
(23.6)
(4.9)
(42.3)
(1.5)
(2.0)
(4.6)
(88.8)
(4.0)
(40.8)
(15.3)
(16.6)

Asked of the women who were between 19 and 55 years old in HUNT3, but asked of all women in HUNT2.
Excluded those with amenorrhoea after surgery or radiotherapy (n ¼ 2176).
Only in postmenopausal women.
Only information in women  70 years.

Table III
Reproductive history and use of hormonal medication, and risk of total knee replacement (TKR) (OC: Oral contraceptives; HRT: Hormone replacement therapy)
Population at risk

Parity
Nulliparous
1
2
3
4
P linear trend
Age at menarche, years
11
12
13
14
15
P linear trend
Menopausal status
Pre/peri
Post
Age at menopause, years
48
49e51
52
Years of menstruation
OC use
Never
Ever
Years of OC use
HRT use
Never
Past
Current
HRT use by site
Never
Local
Systemic
Years of HRT use

Person years

Cases

Model 1*

Model 2y

HR

95% CI

HR

95% CI

1168
2966
10,649
8818
5322

12,610
26,173
86,907
71,050
44,731

17
27
127
134
111

1
0.79
1.20
1.28
1.04
0.55

Ref
(0.43e1.45)
(0.72e2.00)
(0.77e2.12)
(0.62e1.73)

1
0.57
0.91
0.88
0.7
0.55

Ref
(0.28e1.19)
(0.50e1.67)
(0.48e1.61)
(0.38e1.30)

2683
5502
7554
7227
6129

21,502
45,203
62,328
59,988
50,698

48
83
105
104
78

1
0.81
0.77
0.68
0.58
0.002

Ref
(0.56e1.15)
(0.55e1.09)
(0.48e0.96)
(0.40e0.84)

1
0.83
0.70
0.64
0.52
0.001

Ref
(0.56e1.23)
(0.48e1.03)
(0.43e0.95)
(0.34e0.80)

10,336
14,922

91,247
112,668

46
341

1
0.95

Ref
(0.63e1.44)

1
1.16

Ref
(0.72e1.87)

4815
5090
5017
14,386

37,504
38,187
36,976
250,254

111
105
125
430

1
0.92
0.99
1.01

Ref
(0.70e1.20)
(0.77e1.29)
(0.99e1.04)

1
0.88
0.98
1.02

Ref
(0.64e1.21)
(0.73e1.32)
(0.99e1.04)

6202
11,924
11,488

56,109
96,117
90,646

130
103
94

1
1.37
0.99

Ref
(1.03e1.84)
(0.93e1.06)

1
1.36
1.01

Ref
(1.00e1.86)
(0.95e1.09)

22,203
2536
2003

175,094
18,035
16,964

243
69
57

1
1.45
1.36

Ref
(1.10e1.90)
(1.02e1.82)

1
1.42
1.25

Ref
(1.06e1.90)
(0.90e1.73)

22,203
2197
2342
3370

175,094
16,539
18,460
22,306

243
62
64
99

1
1.33
1.49
1.02

Ref
(1.00e1.76)
(1.13e1.98)
(0.99e1.05)

1
1.23
1.40
1.03

Ref
(0.90e1.68)
(1.03e1.90)
(1.00e1.06)

*

Adjusted for age, BMI and smoking.
Adjusted for age, BMI, smoking and physical activity in all analyses. Additional adjustment for diabetes, parity, menarche, menopausal status, oral contraceptives and
hormone replacement therapy as appropriate in each DAG analysis.
y

1.40, 95% CI 1.03e1.90). Ever users of OC had a higher risk of TKR (HR
1.38, 95% CI 1.03e1.84), but this association was only borderline
signiﬁcant in the fully adjusted model (HR 1.36, 95% CI 1.00e1.86).
No association was found between parity, age at menarche,
postmenopausal status or oral contraceptive use and THR (Table IV).
Current HRT users had increased risk of THR after adjustment for

age, BMI and smoking, but this association was no longer signiﬁcant
in the fully adjusted model. There was, however, an increased risk of
THR associated with years of HRT use (HR 1.04, 95% CI 1.01e1.07).
The vast majority of past/current HRT users were postmenopausal
women (n ¼ 4046), compared to pre/perimenopausal women
(n ¼ 329) (data not shown).
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Table IV
Reproductive history and use of hormonal medication, and risk of total hip replacement (THR) (OC: Oral contraceptives; HRT: Hormone replacement therapy).
Population at risk

Parity
Nulliparous
1
2
3
4
P linear trend
Age at menarche, years
11
12
13
14
15
P linear trend
Menopausal status
Pre/peri
Post
Age at menopause, years
48
49e51
52
Years of menstruation
OC use
Never
Ever
Years of OC use
HRT use
Never
Past
Current
HRT use by site
Never
Local
Systemic
Years of HRT use

Person years

Cases

Model 1*

Model 2y

HR*

95% CI

HRy

95% CI

1168
2966
10,649
8818
5322

12,610
26,173
86,907
71,050
44,731

25
55
209
186
184

1
1.17
1.43
1.30
1.29
0.57

Ref
(0.73e1.88)
(0.94e2.17)
(0.85e1.97)
(0.85e1.97)

1
1.12
1.56
1.42
1.34
0.61

Ref
(0.58e2.18)
(0.86e2.81)
(0.79e2.57)
(0.74e2.44)

2683
5502
7554
7227
6129

21,502
45,203
62,328
59,988
50,698

49
118
155
177
163

1
1.04
0.96
0.93
0.92
0.352

Ref
(0.75e1.45)
(0.70e1.33)
(0.67e1.28)
(0.67e1.28)

1
1.15
1.00
1.04
1.07
0.968

Ref
(0.78e1.71)
(0.68e1.47)
(0.71e1.53)
(0.73e1.58)

10,336
14,922

91,247
112,668

65
515

1
0.99

Ref
(0.70e1.41)

1
0.97

Ref
(0.67e1.40)

4815
5090
5017
14,386

37,504
38,187
36,976
236,732

156
185
174
667

1
1.13
1.04
1.01

Ref
(0.92e1.40)
(0.83e1.29)
(0.99e1.03)

1
1.14
1.03
1

Ref
(0.89e1.45)
(0.80e1.32)
(0.98e1.03)

6202
11,924
11,488

56,109
96,117
90,646

193
133
120

1
1.11
0.94

Ref
(0.87e1.42)
(0.87e1.01)

1
1.03
0.96

Ref
(0.79e1.35)
(0.89e1.04)

22,203
2536
2003

175,094
18,035
16,964

391
88
95

1
1.12
1.32

Ref
(0.88e1.41)
(1.05e1.66)

1
1.03
1.19

Ref
(0.80e1.33)
(0.92e1.53)

22,203
2197
2342
3370

175,094
16,539
18,460
22,306

391
100
83
116

1
1.26
1.16
1.04

Ref
(1.01e1.58)
(0.91e1.48)
(1.01e1.07)

1
1.16
1.05
1.04

Ref
(0.90e1.48)
(0.80e1.36)
(1.01e1.07)

*

Adjusted for age, BMI and smoking.
Adjusted for age, BMI, smoking and physical activity in all analyses. Additional adjustment for diabetes, parity, menarche, menopausal status, oral contraceptives and
hormone replacement therapy as appropriate in each DAG analysis.
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In a sensitivity analysis of 8745 participants from HUNT2 on
parity, oral contraceptive use, and HRT use, adjusted for education
level, we found a reduced risk of TKR in women reporting 1 birth
(HR 0.15, 95% CI 0.09e0.78) or  4 births (HR 0.18, 95% CI
0.22e0.97) compared to nulliparous women, but there was no signiﬁcant trend across the categories (P ¼ 0.37) (Table B, Appendix).
Years of HRT use slightly increased the risk of THR, but past or current use of HRT was not associated with THR (Table C, Appendix).
Discussion
This prospective cohort study of over 30,000 women found that
older age at menarche was associated with decreased risk of TKR. We
also found an association between past and systemic HRT use and
increased risk of TKR. Parity did not increase the risk of TKR or THR.
The observation that increasing age at menarche was inversely
related to the risk of TKR has also been reported in a large prospective study of 1.3 million middle-aged women by Liu et al.4. The
mechanisms underlying these associations are unclear, but there
could be several possible explanatory factors. A recent crosssectional study found an association between early age at
menarche and chronic widespread musculoskeletal complaints
later in life21. One may therefore speculate that an increased level
of pain from knee osteoarthritis in this group could lead to a
higher incidence of TKR. Early onset of menarche has also been
linked to other conditions of ageing such as elevated blood

pressure and glucose intolerance, independent of body composition22. A cross-sectional study by Kalichman et al. demonstrated a
negative association between age at menarche and radiological hand
osteoarthritis. They proposed that one possible explanation could be
that early menarche was associated with an increased rate of the
general ageing process23. Yet another explanation could be that
younger age at menarche may be a marker of other factors such as
higher BMI when young4; weight gain at a young age has been shown
to be a signiﬁcant risk factor for TKR and THR due to osteoarthritis
later in life24,25.
Systemic use of HRT increased the risk of TKR, and although we
did not ﬁnd any association between current use of HRT and joint
replacement, our ﬁnding of increased risk of TKR in women with
past use of HRT is in agreement with the results by Liu et al.4. They
reported that past or current use of postmenopausal hormone
therapy was associated with a signiﬁcant increase in the incidence
of THR and TKR. However, clinical and epidemiological studies have
shown conﬂicting results, and a systematic review found no clear
association between HRT and osteoarthritis26. Heterogeneity between the hormones used and outcome measurements also made
statistical data pooling impossible. They concluded that the relationship was, perhaps, too complex, or that other factors play a role
in the increased incidence of osteoarthritis in women aged >50.
Our study did not observe any association between parity and
joint replacement. Previous studies on the association between
parity and knee osteoarthritis have shown conﬂicting results3e5.
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However, the absolute numbers of joint replacements in the
nulliparous group in our study were low (n ¼ 25 and n ¼ 17 for THR
and TKR, respectively), which calls the power of this analysis into
question. We cannot exclude the possibility that this may have
weakened any association. Since both parity and joint replacement
are associated with education level, we did a sub-analysis with
additional adjustment for education in 8745 participants with data
on education level; we revealed a reduced risk of TKR in women
with 1 birth or 4 births, but there was no signiﬁcant trend across
the categories (P ¼ 0.37). This could indicate a complex relationship
between parity and TKR/THR that we were unable to clarify further
in our study.
The healthcare system in Norway is publicly funded and free of
charge for patients. Although socioeconomic status would not
affect access to surgery, it could lead to a difference in those seeking
surgery. In 2009, Statistics Norway reported that amongst women
with musculoskeletal diseases, those with a higher level of education (university/college level) were more likely to contact
specialist health services than those with lower levels of education
(high school or lower)27. A negative association between the level of
education and the waiting time for THR in Norway has been reported28, although the income variable was insigniﬁcant.
Ever use of OC did not signiﬁcantly increase the risk of TKR or
THR in the fully adjusted model, although the point estimate of the
P value was borderline signiﬁcant for TKR, P ¼ 0.053 (HR 1.36, 95%
CI 1.00e1.86). Menopausal status and age at menopause were not
associated with THR or TKR.
Strengths and limitations
Major strengths of this study were the large sample size, prospective population-based design, objective measurements and
nearly complete registration of TKR and THR.
Our study used objective measurements of height and weight by
trained personnel, and thus avoided potential information bias. The
study by Liu et al.4 used self-reported BMI. Self-reported BMI may
be biased, and a recent study showed limited agreement with
actual height and weight in overweight and obese individuals with
clinical osteoarthritis29.
At the time between HUNT2 (1995e1997) and HUNT3
(2006e2008) studies reported an association between HRT and
coronary heart disease30,31, and HRT and breast/gynaecological
cancers32e34. The proportion of women using HRT could therefore
have been lower in the HUNT3 study. In our data-set we found that
19% of participants in HUNT2 were past or current HRT users,
compared to 16.3% in HUNT3. Therefore, HRT prescription did not
differ substantially between the two surveys, and should not have
greatly affected our results.
The design of this study is prospective since the baseline information was recorded prior to an eventual joint replacement.
However, we cannot exclude the possibility that recall bias might
have inﬂuenced some of the covariates, especially age at menarche.
Table I shows a mean age difference of almost 10 years between the
women that reported age at menarche 11 years, and those
reporting age at menarche 15. As well, a Danish study from 2009
showed signiﬁcantly earlier breast development among girls born
more recently during a 15-year period35. This could indicate that
the age at menarche may have decreased over time in our study
population, thus creating a cohort effect. Adjusting for age may
then be insufﬁcient for correcting an eventual systematic information bias and a cohort effect bias.
At baseline, the mean age of our study population was 55.7, and
62.1% of the women in our study were postmenopausal. However,
since our lower cut-off for age at inclusion was 30 years, the information on reproductive history and use of HRT or OC could have

1659

changed for some participants after baseline. This is especially
relevant when it comes to parity, oral contraceptive use and HRT,
and could have led to non-differential misclassiﬁcation and thus
weakened any associations. To increase the information on lifetime
reproductive history and eventual use of HRT, we chose to use
baseline measurements from HUNT3 for those that participated in
both HUNT2 and HUNT3, even if this reduced follow-up time after
baseline; the 9468 participants with baseline measurements from
HUNT2 had a mean follow-up time of 13.0 years compared to 6.1
years for the 20,821 participants with baseline measurement from
HUNT3. Lower incidences of TKR (1.2 %) and THR (1.8%) in the
HUNT3 group, compared to TKR (1.8%) and THR (3.2%) in the HUNT2
group, might contribute to lower precision and underestimation of
any associations.
A previous study from the HUNT2 material reported that
women who had undergone unilateral oophorectomy entered
menopause around 1 year earlier than women with two intact
ovaries36 (Separation between uni- vs bilateral oophorectomy was
only available from HUNT2, as the HUNT3 questionnaire only asked
about bilateral oophorectomy). We chose not to exclude participants that had had only one ovary surgically removed (n ¼ 776),
and additional adjustment for unilateral oophorectomy when
analysing age at menarche did not change the results (data not
shown).
In HUNT2 we had information on type of HRT medication in
2601 participants. Of these participants, 1456 (56%) used a combination of oestrogen and progesterone, and 1145 used oestrogen
without progesterone. HUNT3 did not have information about the
precise type of HRT used by each individual. A previous publication
on HRT from HUNT3 reported that data from the Norwegian Prescription Database showed that during the time frame and region
of the HUNT3 study, 83.5% of HRT users were prescribed a combination of oestradiol and/or oestriol and progesterone, 9.0% either
oestradiol or oestriol without progesterone and 7.5% used the
synthetic oestrogen tibolone37,38.
Although there was a 10-year period between HUNT2 and
HUNT3, they both used the same source population: All inhabitants
20 years of age in the county of Nord-Trøndelag in Norway. But
there could be several reasons why HUNT2 and HUNT3 did not have
all the same participants:
- The participation rate in HUNT3 was lower than in HUNT2
(58.7% and 75.5%, respectively). Some of the responders in
HUNT2 could therefore have been non-responders in HUNT3.
- We would expect some of the older participants in HUNT2 to
have died before HUNT3. And people that were too young to
participate in HUNT2 could be part of the study population in
HUNT3.
The population in Nord-Trøndelag is relatively homogeneous,
with less than 3% non-Caucasian, and is relatively stable, with few
people moving in or out of the county39. So despite the limitations
that arise from using the participants from two consecutive waves
of the HUNT health survey, we would argue that the two surveys
represent one source population.
The osteoarthrosis diagnoses from the NAR have not been validated40. However, the Danish Hip Arthroplasty Registry has reported a positive predictive value of 85% regarding primary hip
osteoarthritis diagnosis41, and it is likely that these results are
comparable to the NAR.
Previous injuries increase the risk of osteoarthritis, especially in
the knee42,43. However, the operating surgeon reports whether
each joint replacement is due to primary/idiopathic osteoarthritis,
or due to other speciﬁed causes. We only included joint replacement due to primary/idiopathic osteoarthritis.
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We used joint replacement as an indicator of severe osteoarthritis. Joint replacement is the most deﬁnitive treatment for
osteoarthritis in the hip or knee, and has the advantage of being a
strong indicator of severe clinical disease compared to other deﬁnitions of osteoarthritis44. Using total joint replacement as an
endpoint also helps to identify the burden of severe disease, and is
therefore relevant for health economics45. The decision to do a total
arthroplasty does, however, rely on several factors: the severity of
pain, radiographic ﬁndings, comorbidities and the patient's motivation for undergoing surgery. Subjects who wish to maintain an
active lifestyle may be more motivated to have surgery than less
active persons46, even if they have less severe osteoarthritis. This
potential healthy patient bias could lead to an underestimation of
the effect of reproductive and hormonal therapies on osteoarthritis.
We found that increasing age at menarche reduced the risk of
TKR. Past users and users of systemic HRT were at higher risk of TKR
compared to never users. Parity did not increase the risk of TKR or
THR.
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Appendix

Table A
Covariates adjusted for in Model 1 and Model 2 (BMI: Body Mass Index; HRT: Hormone replacement therapy)
Exposure variable

Covariates adjusted for in Model 1

Additional covariates adjusted for in Model 2

Parity
Age at menarche
Years of menstruation
Menopausal status
Age at menopause
Use of oral contraceptives
Use of HRT

Age,
Age,
Age,
Age,
Age,
Age,
Age,

Diabetes, physical activity, age at menarche, menopausal status, HRT
Diabetes, physical activity, parity, menopausal status
Diabetes, physical activity, parity
Physical activity, parity, age at menarche, HRT
Physical activity, parity, age at menarche, HRT
Physical activity, parity, age at menarche, menopausal status
Physical activity, parity, menopausal status

BMI,
BMI,
BMI,
BMI,
BMI,
BMI,
BMI,

smoking
smoking
smoking
smoking
smoking
smoking
smoking

Table B
Parity, oral contraceptives (OC), hormone replacement therapy (HRT) and risk of total knee replacement (TKR); sensitivity analysis with additional adjustment for education

Parity
Nulliparous
1
2
3
4
P linear trend
OC use
Never
Ever
Years of OC use
HRT use
Never
Past
Current
HRT use by site
Never
Local
Systemic
Years of HRT use
*

Population at risk

Person years

Cases

HR*

95% CI

HRy

95% CI

797
961
2602
2131
1913

9743
13,486
36,701
29,165
22,874

14
10
40
40
46

1
0.52
0.83
0.87
0.77
0.97

Ref
(0.23e1.18)
(0.45e1.53)
(0.47e1.60)
(0.42e1.41)

1
0.15
0.20
0.20
0.18
0.37

Ref
(0.09e0.78)
(0.27e1.12)
(0.26e1.11)
(0.22e0.97)

2119
2176
1883

30,002
35,524
30,955

59
21
16

1
0.92
1.04

Ref
(0.52e1.62)
(0.95e1.13)

1
0.95
1.05

Ref
(0.50e1.78)
(0.95e1.16)

4897
414
704

67,037
5172
8760

81
10
22

1
1.05
1.38

Ref
(0.54e2.03)
(0.86e2.24)

1
1.06
1.36

Ref
(0.50e2.23)
(0.79e2.36)

4897
544
574
319

67,037
6269
7662
3740

81
20
12
16

1
1.50
0.99
0.96

Ref
(0.91e2.48)
(0.54e1.83)
(0.81e1.14)

1
1.56
0.93
0.96

Ref
(0.88e2.76)
(0.46e1.89)
(0.80e1.14)

Adjusted for age, BMI, smoking and education level.
Adjusted for age, BMI, smoking, physical activity and education level in all analyses. Additional adjustment for diabetes, parity, menarche, menopausal status, oral
contraceptives and hormone replacement therapy as appropriate in each DAG analysis.
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Table C
Parity, oral contraceptives (OC), hormone replacement therapy (HRT) and risk of total hip replacement (THR); sensitivity analysis with additional adjustment for education

Parity
Nulliparous
1
2
3
4
P linear trend
OC use
Never
Ever
Years of OC use
HRT use
Never
Past
Current
HRT use by site
Never
Local
Systemic
Years of HRT use

Population at risk

Person years

Cases

HR*

95% CI

HRy

95% CI

797
961
2602
2131
1913

9743
13,486
36,701
29,165
22,874

21
21
77
61
81

1
0.83
1.16
0.97
1.03
0.87

Ref
(0.45e1.53)
(0.72e1.89)
(0.59e1.59)
(0.64e1.67)

1
1.02
1.53
1.17
1.1
0.88

Ref
(0.44e2.33)
(0.77e3.02)
(0.58e2.36)
(0.55e2.23)

2119
2176
1883

30,002
35,524
30,955

91
33
25

1
0.97
0.96

Ref
(0.62e1.52)
(0.87e1.05)

1
1.01
0.95

Ref
(0.63e1.62)
(0.86e1.04)

4897
414
704

67,037
5172
8760

144
14
35

1
0.77
1.04

Ref
(0.45e1.34)
(0.72e1.52)

1
0.85
1.03

Ref
(0.47e1.51)
(0.68e1.57)

4897
544
574
319

67,037
6269
7662
3740

144
26
23
17

1
0.98
0.92
1.13

Ref
(0.64e1.49)
(0.59e1.43)
(1.03e1.25)

1
1.07
0.86
1.18

Ref
(0.67e1.71)
(0.53e1.41)
(1.05e1.33)

*

Adjusted for age, BMI, smoking and education level.
Adjusted for age, BMI, smoking, physical activity and education level in all analyses. Additional adjustment for diabetes, parity, menarche, menopausal status, oral
contraceptives and hormone replacement therapy as appropriate in each DAG analysis.
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