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ABSTRACT  
The relative contribution of genetic factors and more modifiable environmental factors to a clinically 
relevant osteoarthritis (OA) diagnosis is unkown. In this paper we present an ongoing study on the genetic 
contribution to total joint replacement (TJR) due to hip and knee OA and effects of lifestyle and lifestyle 
related conditions on TJR due to OA. Using the National ID number, we have linked data on incident OA 
from the Norwegian Arthroplasty Registry with the Norwegian Twin Registry in 2014, thus obtaining a 
population based cohort of same-sex twins born 1915-60. Data on height, weight and lifestyle were self-
reported in questionnaires conducted between 1978 and 1992. The monozygotic (MZ) and dizygotic (DZ) 
concordances as well as the genetic contribution vs. contribution of more modifiable, environmental factors 
to arthroplasty will be examined in separate analyses for the hip and the knee joint. The sample comprised 
N=18058 twins (N=3803 MZ and N=5226 DZ pairs) including N=9650 (53.4%) females and a mean (SD) 
age of 38 (12.3) years at questionnaire response. Some preliminary analyses have been performed showing a 
higher concordance for TJR due to hip OA among MZ (0.36) than DZ twins (0.16), which may be 
consistent with a genetic contribution to hip OA. Results for the knee joint as well as final results from 
hereditary analyses and co-twin control analyses will be published consecutively from 2016. 
 
This is an open access article distributed under the Creative Commons Attribution Licence, which permits unrestricted use, distribution, and reproduction 
in any medium, provided the original work is properly cited. 
 
 

INTRODUCTION 
 
Osteoarthritis (OA) is a frequently occurring joint 
disease responsible for pain and disability at the indi-
vidual level and high costs at the societal level (1,2). 
The most frequently affected joints are the hands, hips 
and knee joints. Previous studies of OA have mainly 
considered mild radiographic joint changes not taking 
severe joint pain and functional disability into account 
(3). Total joint replacement (TJR) surgery is indicated 
when both radiographic changes, severe joint pain and 
disability are present and other treatment modalities 
have failed (4). TJR is major intervention for the indi-
vidual and associated with high societal costs that 
should be avoided whenever possible. 
 No disease-modifying drug exist for OA and a 
thorough understanding of its risk factors is crucial in 
order to prevent the disease. Potential modifiable risk 
factors for severe OA include obesity, physical activity 
levels and poor cardiometabolic health (5-8). How-
ever, severe OA may potentially also be explained by 
non-modifiable hereditary factors as well as age and 
sex. In a smaller and selected British twin cohort, the 
genetic contribution to mild/unsymptomatic (radio-
graphically defined) hip and knee OA was estimated to 
39-65% (9-11). The genetic contribution to severe OA 
including total joint replacement has to our knowledge 
only been explored in one previous study. Recent Da-
nish studies found a heritability of 47% for TJR due to 
hip OA and only 18% for TJR due to knee OA (12,13). 

Twin studies of rheumatic diseases with more distinct 
diagnostic criteria such as rheumatoid arhtritis found a 
heritability of 60% (14). 
 The poor knowledge of the relative contribution of 
hereditary and environmental factors causing severe 
OA makes the interpretation of previous OA risk 
factor studies challenging. The Nord-Trøndelag Health 
Study (HUNT) found a higher body weight especially 
at young age to be associated with future total joint 
replacement in the Norwegian Arthroplasty Registry 
(15-17), which is confirmed in studies using milder 
OA definitions (7,18). Total joint replacements due to 
OA may further be a result of a low physical activity 
level although it is unclear whether a low activity level 
is harmful or beneficial (8,19,20). Explanatory mecha-
nisms for the observed associations may, except for al-
tered mechanical joint loading, be the altered systemic 
circulatory factors due to excess fat tissue and/or poor 
physical fitness (21-23). However, previous studies of 
OA causes and causal pathways may be confounded 
due to the lack of adjustment for hereditary factors and 
very few studies have attempted at quantifying the 
degree of confounding. 
 A linkage of the Norwegian Twin Registry and the 
Norwegian Arthroplasty Registry will allow for a less 
biased study of causes for total joint replacements due 
to OA in a general population and give insight into the 
genetic contribution to severe OA. Hence, using a 
population based twin registry design, our main aim is 
to investigate the hereditary contribution to total joint
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Table 1.  Descriptive characteristics of the Norwegian Twin Registry and the Norwegian Arthroplasty Registry. 
 

 

Total sample 
N=18058 

TJR due to hip OA 
N=594 

No TJR due to hip OA 
N=17464 

Birth year, mean (SD) 1942 (12.7) 1935 (10.8) 1942 (12.7) 
Sex, f, N(%) 9650 (53.4)   416 (70.0) 9234 (52.9) 
Prosthesis operation due to other causes 
than OA, N (%) 202 (0.0) NA 202 (0.0) 
Time to TJR, years, mean (SD) 27.9 (1.6) 17.6 (7.2) 15.8 (7.9) 
Age at prosthesis operation, mean (SD)   69 (8.4)   69 (8.4)     65 (11.4) 
Dead by 2014, N(%) 5159 (28.6)   169 (28.5) 4990 (28.6) 

 
 
replacement due to hip and knee OA and to investigate 
the effect of lifestyle and lifestyle related conditions on 
total joint replacement due to hip and knee OA. 
 
 
METHODS 
 
The study is a prospective cohort study based on a 
linkage of the Norwegian Twin Registry and the 
Norwegian Arthroplasty Registry on the National ID 
number. The Norwegian Twin Registry was established 
in 2009 at the Norwegian Institute of Public Health 
merging three major population-based Norwegian 
Twin Panels: Panel I (twins born 1895-1945), Panel II 
(twins born 1915-1960) and Panel III (twins born 
1967-1979) (21). Panel II, which has some overlap 
with panel I is the most suitable for linkage with other 
registries since data on zygosity is available. In 1978-
82 and in 1988-1992, postal questionnaires regarding 
basic demographics, general health, current weight and 
height as well as lifestyle, comorbidities, physical and 
mental health were sent to each twin in Panel II who 
responded to a previous general zygosity questionnaire. 
Hence, we included complete same-sex monozygotic 
(MZ) and dizygotic (DZ) twin pairs from Panel II. No 
twin pairs with opposite sex were registered in this 
sample. We excluded twins who had no co-twin 
registered due to early death or not being willing to 
participate. 
 The Norwegian Arthroplasty Registry was estab-
lished in 1987 as a national hip joint replacement 
registry and was extended to include all arthroplasty of 
artificial joints in 1994 (22). Its main purpose is to 
detect inferior results of implants as early as possible. 
All orthopedic surgeons at all the Norwegian hospitals 
participate and are instructed to report all primary 
operations and all revisions. After each primary joint 
replacement, the surgeon fills in a one-page form 
regarding operation technique and description about 
implant parts. The form takes only about a minute to 
complete ensuring a complete registry. In total, >95% 
of all prosthesis operations due to OA are reported and 
approximately 10.000 surgeries of hip and knee OA 
are registered yearly (23). 
 Prevalent and incident hip and knee arthroplasty due 
to primary OA in the left or right leg were our main 
outcome variables (separate analyses for the hip and 
the knee joint). Arthroplasty due to other causes than 

OA such as fractures or inflammatory rheumatic disea-
ses were not considered in this study. We will estimate 
the heritability for TJR due to hip and knee OA using 
the classical twin model. A co-twin control design will 
be used for the analyses of the potentially modifiable 
exposures obesity, low activity levels, diabetes, hyper-
tension and angina pectoris. Exposure data are current-
ly being quality assured and will be examined as po-
tential causes for TJR due to OA in 2017 and onwards. 
 
 
PRELIMINARY RESULTS 
 
The sample comprised 18058 twins of which 3803 
were monozygotic (MZ) twin pairs and 5226 dizygotic 
(DZ) same sex twin pairs. Some descriptive characte-
ristics of the total sample and of persons having TJR 
due to hip OA are available and are presented in Table 
1. Casewise and pairwise concordance rates as well as 
tetrachoric correlations for the presence of TJR due to 
hip OA are presented in Tables 2 and 3. We will find 
frailty correlations from multilevel survival models 
and estimate the amount of the variance in TJR due to 
hip OA that is due to hereditary, common and unique 
environmental factors. Similar statistics will be worked 
out for TJR due to knee OA. 

 
Table 2.  MZ twins. 
 

 

TJR due to 
hip OA, 
twin 2 

No TJR due 
to hip OA, 

twin 2 Total 
TJR due to hip OA, twin 1   64   116   180 
No TJR due to hip OA, twin 1 105 3518 3623 
Total 169 3634 3803 
Casewise concordance = (64+64)/(169+180)=0.36 
Pairwise concordance = 64/285=0.22 
Tetrachoric correlation = 0.71 

 
Table 3.  DZ twins. 
 

 

TJR due to 
hip OA, 
twin 2 

No TJR due 
to hip OA, 

twin 2 Total 
TJR due to hip OA, twin 1   37   179   216 
No TJR due to hip OA, twin 1 205 4805 5010 
Total 242 4984 5226 
Casewise concordance = (37+37)/(242+216)=0.16 
Pairwise concordance = 37/421=0.09 
Tetrachoric correlation = 0.41 
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CONCLUSION 
 
Preliminary results show higher concordance rates in 
MZ twins than in DZ twins indicating a significant 
genetic component for having a TJR due to hip OA.  

 
Twin models using liability and frailty approaches are 
currently being compared. Final results from heredi-
tary analyses and co-twin control analyses will be 
published consecutively from 2016. 
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