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Abstract: Objective: To identify factors associated with having total knee replacement due to osteoarthritis in the AGESReykjavik Study, a large population based study of elderly Icelanders.
Methods: Information about total knee and hip joint replacements (TKR,THR) and hand OA (HOA) severity was
available in 2195 males and 2975 females, mean age 76±6 years. The prevalence of TKR was 223 (4.3%) and THR 316
(6.1%). We performed a backwards binary logistic regression analysis of possible OA associated variables including age,
gender, abdominal circumference, BMI, hs-CRP, cholesterol, statin use, bone mineral density of the spine, education and
smoking history as well as HOA severity and the presence of THR.
Results: Only three factors showed significant associations with TKR; BMI (p=3.5x10-17), HOA severity (p=2.9x10-8) and
THR (p=0.0002). The highest quintile of BMI was associated with a fivefold risk of TKR compared with the lowest (8%
vs 1.6%), and severe HOA had a 2.4 fold risk compared with those with no HOA (8% vs 3.3%). There was no statistical
interaction between BMI and HOA. Thus, individuals with BMI<23.5 with no evidence of HOA had a prevalence of TKR
of 1.1%, while those with BMI>30.3 and severe HOA had a prevalence of 13.4%.
Conclusions: Hand and hip osteoarthritis in conjunction with BMI are strongly associated with the prevalence of TKR due
to osteoarthritis. Together, BMI and HOA severity seem to contribute to the majority of the total TKR prevalence. While
BMI has long been recognized as the major risk factor for TKR, the influence of osteoarthritis at other sites may have
been underestimated.
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BACKGROUND
Body Mass Index (BMI) is the best known risk factor for
the incidence and progression of knee osteoarthritis. High
BMI seems to antedate the development of knee OA and a
linear relationship has been demonstrated both in
radiological studies and studies using total knee joint
replacement (TKR) as a definition of severe OA [1-11]. The
association is quite strong as demonstrated in a recent
prospective study showing a RR of 8.1 for having TKR in
individuals in the highest compared with the lowest quartile
of BMI [10]. This relationship has a strong biomechanical
component, although metabolic factors related to adipose
tissue have also been suggested [12, 13].
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Additional suggested risk factors include age,
malalignment, laxity, trauma, smoking habits, physical
activity, other measures of body weight and fat distribution,
vitamin D deficiency, metabolic aberrations including the
metabolic syndrome [13, 14], bone mineral density and
osteoarthritis at other sites, but with the exception of BMI
and significant trauma, reports are inconsistent [1, 8].
The presence of hand osteoarthritis (HOA) in conjunction
with knee and hip OA, has been interpreted as a marker of
“generalized osteoarthritis” but the definition of that
particular condition remains elusive [15]. A number of
studies have shown a relation between the presence of HOA
and knee OA progression [2, 16-18].
The AGES-Reykjavik Study (Age, Gene/Environment
Susceptibility - Reykjavik Study) is a population-based
multidisciplinary study of aging in elderly individuals from
the 40 year long Reykjavik Study [19]. Among the extensive
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baseline data gathered on more than 5700 elderly people is
information about whether the participant had undergone
total joint replacements of knees and hips (THR) and HOA
(ascertained from digital photographs of the hands). The
objective of the current study was the analysis of possible
risk factors for having TKR due to osteoarthritis.
METHODS
The AGES-Reykjavik Study is a population based study
of elderly individuals from the 40 year long Reykjavik
Study. They were aged between 66 and 96 and randomly
recruited between 2002 and 2006. Informed consent was
obtained from all participants. Details of the investigations
are described in the study´s baseline article [19].
Knee and hip joint replacements (TKR,THR) were
recorded on the basis of computerized tomography (CT)
anterior scout scans. A total of 5250 individuals had both CT
scans and high quality hand photographs for the assessment
of HOA, and a total of 581 of those had total joint
replacements (TJR). In order to identify those with total joint
replacements (TJR) presumably due to osteoarthritis,
subjects with evidence of inflammatory arthritis on the CT
scans or photographs were excluded (n=27). Furthermore,
additional 53 photographs could not be scored for HOA due
to contractures, deformities or thumb positioning. This left a
study group of 5170 with a total of 559 subjects with TJR.
Finally, this group was then compared with a verified
fracture registry for this group based on medical records
[20], excluding TJR´s due to fractures. This left a study
group of 5170 subjects (2195 males and 2975 females) 508
of whom had total joint replacements that were presumed to
be caused by OA. The average age of the participants was 76
± 6 years.
The presence and severity of HOA was read from high
quality digital photographs and scored as 0-3 for the distal
interphalangeal joints (DIP), the proximal interphalangeal
joints (PIP) and the first carpometacarpal joint (CMC1)
joints creating an aggregate score of 0-9. This score was
subsequently truncated to 0,1,2,3 and 4+ as previously
described [21].
The other variables in this study have been described
previously [19, 21] with the exception of “midlife BMI”.
This variable was recorded in the participants´ previous
visits in the Reykjavik Study between the ages 33-65. In the
cases where more than one BMI measure was available, the
one closest to 50 years of age was used. The mean age of this
BMI measure was 51 ±6 years. Midlife BMI information
was available in 5083 of the 5170 participants.
Statistics
TKR is a binary variable and we performed a backwards
binary logistic regression using previously suggested risk
factors for TKR including age, gender, abdominal
circumference, BMI, hs-CRP, cholesterol, statin use, bone
mineral density of the spine, education and smoking history
as well as HOA severity and the presence of THR. Age and
gender stayed in the model. In order to analyze the
association of THR to TKR, we considered THR as a binary
variable for severe hip OA, and combined it with two other
binary factors, severe hand OA, (defining those with a
HOAscore 4 as positive and the remainder negative) and
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high BMI (positive defined as the highest quintile of BMI,
BMI >30.3). The statistical analysis was done using the
SPSS 16.0 statistical software package.
RESULTS
The total number of THR presumed to be due to OA was
316 (6.1%), 206 females and 110 males. 31 participants had
both hip and knee replacements (Table 1) The total number
of individuals with TKR was 223 (4.3%), 142 females and
81 males.
The gender prevalence of TKR and THR is shown in
Table 1.
Table 1.

The Prevalence of Hip (THR) and Knee (TKR) Joint
Replacements in the AGES-Reykjavik Study

Gender

n

TKR (%)

THR (%)

Males

2195

81 (3.7)

110 (5.0)

Females

2975

142 (4.8)

206 (6.9)

All

5170

223 (4.3)

316 (6.1)

The backwards binary logistic regression of possible risk
factors for TKR included age, gender, abdominal
circumference, BMI, hs-CRP, cholesterol, statin use, bone
mineral density of the spine, education and smoking history
as well as HOA severity and the presence of THR. Age and
gender stayed in the model. Only three of the variables
investigated showed significant associations with TKR; BMI
(p=3.5x10-17), HOA severity (p=2.9x10-8) and THR
(p=0.0002). (Table 2).
Table 2.

Odds Ratios for TKR for Age, Gender and the
Three Significantly Associated Variables
Variable

OR (95%CI)

p

Age (5 years)

1.09 (0.96-1.24)

ns

Female sex

1.09 (0.82-1.45)

ns

BMI (1 unit)

1.13 (1.10-1.16)

3.5x10-17

Hand OA score (1 unit)

1.32 (1.20-1.46)

2.9x10-8

THR (yes/no)

2.20 (1.46-3.32)

0.0002

The highest quintile of BMI (mean = 33.6) was
associated with a fivefold increase (8% vs 1.5%) in the
prevalence of TKR compared with the lowest quintile of
BMI (mean=21.4). Severe HOA had a 2.4 fold increase
compared to those with no HOA (8% vs 3.3%). A
statistically significant interaction between these two factors
was not found (P=0.85). Both BMI and HOA are ordinal
variables, and the relationship between quintiles of BMI and
the HOA severity score in relation to the prevalence of TKR
is shown in Table 3.
Thus, those with BMI<23.5 and no evidence of HOA had
a prevalence of TKR of 1.1%, while individuals with BMI
>30.3 and severe HOA had a prevalence of 13.4% showing a
twelvefold prevalence of TKR in the latter group.

Hand Osteoarthritis Severity

Table 3.
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Cross-Tabulations of the Percent of Study Subjects with Total Knee Replacements in Relation to Quintiles of BMI and
HOA Severity (Percent)
HOAscore

BMI (Quintiles)

0 (n=1611)

1 (n=1170)

2 (n=1020)

3 (n=696)

4+ (n=673)

Total %

1 (<23.5)

1.1

1.0

1.4

3.4

1.6

1.5

2 (23.5-25.6)

1.9

1.3

4.3

3.2

6.2

3.0

3 (25.6-27.7)

2.9

1.9

2.8

5.6

13.1

4.3

4 (27.7-30.3)

3.2

3.1

5.8

4.3

11.4

4.7

5 (>30.3)

6.8

5.9

7.0

13.2

13.4

8.0

Total%

3.3

2.8

4.2

5.7

8.0

and severe HOA and THR had similar odds ratios of 2.2-2.4
for having TKR.
a) Females (n=2975)
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For a better understanding of the relationship between
BMI and TKR we did similar calculations using “midlife
BMI” (n=5087) instead of study BMI. Compared with Table
2 this resulted in an OR for TKR of 1.17 (1.14-1.21, p<1x1020
) per unit BMI. The relationship between midlife BMI,
HOA severity and TKR is illustrated in Fig. (1).
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Fig. (1). A graphic illustration of the relationship between “midlife
BMI” (quintiles) and hand osteoarthritis severity (HOA score 0-4)
in relation to the prevalence of TKR in the study group (n=5087).
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Despite a higher prevalence of TKR and HOA in females,
there was no discernible difference between men and women
as shown in Fig. (2).
The presence of THR (n=316) was also positively
associated with the prevalence of TKR. Since this is a binary
on-off variable, its relative contribution was examined with
the two other variables associated with the highest
prevalence of TKR, highest quintile of BMI (n=1063) and
severe HOA (HOAscore >4, n=673). Fig. (3) illustrates this
relationship, showing an increasing prevalence of TKR with
the number of these three variables. Thus, individuals with
none of the three factors positive had a TKR prevalence of
2.5%, those with one positive 6.9% and those with two or
more had a prevalence of TKR of 13.3%.
DISCUSSION
In this cross-sectional, population-based study of 5170
elderly individuals there were strong associations between
hand and hip osteoarthritis and the prevalence of TKR due to
osteoarthritis. These associations appeared to be statistically
independent of the effects of BMI. In the case of HOA, there
was a linear association between HOA severity and TKR,
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4

4

BMI(male
quintiles)

3

3

2

2

1
1
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0

Fig. (2). Diagrams illustrating the similarity of the relationship in
both genders despite higher prevalence of hand OA and TKR in
females. a) Females (n=2975), b) Males (n=2175).

The most striking new information in the current study is
the strength and the linearity of the statistical associations
between the two factors HOA severity and BMI on one side
and the prevalence of TKR on the other. This relationship
was similar in both genders. The statistical absence of
associations with other possible risk factors apart from THR
is also notable. It is tempting to speculate whether HOA and
THR can be of help in identifying patients at risk for needing
TKR. Combining the odds ratios associated with HOA
severity and those associated with high BMI yielded very
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high odds ratios. If the data for those with no HOA and
lowest quintile BMI are extrapolated to the whole study
group, the calculated expected total number of TKR would
be 62 instead of the 223 observed (27.8%) indicating that
these two major factors, BMI and HOA severity, may
contribute to over 70% of total knee joint replacements in
this age group. This was also supported by the “area under
curve” (C-statistics) for the regression analysis (data not
shown).
20

15

TKR (%) 95% CI

10

5

0
N=

3381

1559

226

0

1

2

Number of Risk Factors
Fig. (3). The prevalence of TKR in relation to the presence or
absence of the three major associated variables, high BMI, severe
HOA and THR. Thus, individuals with none of the three factors had
a TKR prevalence of 2.5%, those with one factor positive 6.9% and
those with two or more had a TKR prevalence of 13.3%.

The role of BMI as the strongest risk factor for having
TKR was confirmed in this study. Both current BMI, and
“midlife BMI” showed a strong linear association with the
prevalence of TKR. This indicates that high BMI antedates
the need for TKR and the current findings are very much in
analogy with recent prospective studies regarding risk
estimates [10, 11]. In the absence of preventive drug
treatment for OA, weight reduction is one of the
cornerstones of current knee OA management [22, 23]. Our
findings might be used as an argument for recommending
weight supervision in HOA patients even in the absence of
knee OA. THR is less likely to be useful in predicting TKR
because of the low numbers and the fact that THR and TKR
operations are relatively late events in OA.
TKR is widely used as a separate phenotype of severe
knee OA, particularly in genetic studies [24]. The current
findings seem to cast some doubt on this definition, with the
majority of TKR associated with BMI and osteoarthritis at
other sites, and certainly these major factors need to be
corrected for in genetic studies. The hard to define concept
of generalized osteoarthritis might be the most appropriate
target for genetic studies, but although this study does
suggest a linear trend between the need for TKR and severity
of hand OA, it does not really help in determining a cut-off

point for generalized osteoarthritis. Other markers that may
be useful for that definition include better OA imaging,
genetic data, biomarkers and relationships with other
conditions including finger length ratios [25] and
concomitant disease conditions. Our group has recently
described a linear association between HOA severity and
atherosclerosis in the same population but only in females
suggesting that systemic factors only active in females may
apply as well [21].
The AGES-Reykjavik study, with its large number of
elderly subjects is eminently suitable for analysis of this kind
of relationships i.e. organ damage acquired during lifetime.
The governmental health care system is socialized, ensuring
universal access to medical care and the study itself is
population-based, indicating that the current findings are
probably representative of the Icelandic population. A
number of other factors may have contributed to the distinct
findings of the current study. They include a definite OA
endpoint in TKR and a relatively moderate BMI compared
with some other studies where BMI may be a more dominant
cause of knee OA. Finally, it is possible that the use of
photographs for the diagnosis of HOA could have identified
slightly different cases compared with other studies [26].
While the strength of the study is the large size and uniform
age, some caveats have to be considered. The main drawback
of the study is its cross-sectional nature, limiting
assumptions about the the predictive value of osteoarthritis at
other sites. We also did not have reliable data on some risk
factors, such as trauma or physical activity. The number of
subjects in the group with both THR and TKR is low and
even a small number of misdiagnoses such as seronegative
arthritis or dysplastic conditions could seriously affect the
odds ratios for this group. Also, the prevalence of TKR in
this study does not represent true lifetime risk, as the
incidence of new TKR operations is probably still high in the
study age group [27]. Further studies of the longitudinal
relationship are needed. We hope to be able to provide more
information as the five year follow-up of the AGESReykjavik Study will be completed soon.
CONCLUSION
Hand and hip osteoarthritis in conjunction with BMI are
strongly associated with the prevalence of TKR due to
osteoarthritis. Although BMI has long been recognized as
the major risk factor for TKR, the influence of osteoarthritis
at other sites may have been underestimated, particularly that
of hand osteoarthritis severity which has a linear relationship
with the prevalence of TKR.
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ABBREVIATIONS
OA

= Osteoarthritis

BMI

= Body Mass Index

TKR

= Total knee replacement

THR

= Total hip replacement

HOA

= Hand osteoarthritis

hs-CRP

= High sensitivity C- Reactive Protein

RR

= Relative Risk

OR

= Odds Ratio

DIP

= Distal interphalangeal joints

PIP

= Proximal interphalangeal joints

CMC1

= First carpometacarpal joints

HOAscore = A cumulative score for hand OA severity
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