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Abstract

Background: Obesity is associated with the development of knee osteoarthritis (OA). The
aim of this study was to examine the incidence of obesity in patients undergoing knee
replacement (KR) for OA in Australia compared to the incidence of obesity in the general
population.
Methods: A cohort study was conducted, comparing data from the Australian Bureau of
Statistics (ABS) 2017–2018 National Health Survey with data from the National Joint
Replacement Registry. The distribution of patients who underwent KR from July 2017 to
June 2018 by BMI category was compared to the distribution of the general population, in
age and gender sub-groups.
Results: During the study period, 35.6% of Australian adults were overweight and 31.3%
were obese. Of the 56 217 patients who underwent primary KR for OA, 31.9% were over-
weight and 57.7% were obese. The relative risk of undergoing KR for OA increased with
increasing BMI category. Class 1, 2 and 3 obese females aged 55–64 years were 4.7, 8.4
and 17.3 times more likely to undergo KR than their normal weight counterparts, respec-
tively. Males in the same age and BMI categories were 3.4, 4.5 and 5.8 times more likely to
undergo KR, respectively. Class 3 obese patients underwent KR 7 years younger, on aver-
age, than normal weight individuals.
Conclusion: Obesity is associated with an increased risk of undergoing KR, and at a youn-
ger age, particularly for females. There is an urgent need for a societal level approach to
address the prevalence of obesity, to reduce the burden of obesity related KR.

Introduction

Osteoarthritis (OA) is a common cause of pain and disability that

places a significant psychosocial burden on patients and a large

financial burden on healthcare systems.1 Over 300 million people

worldwide suffer from hip and knee OA, and both the incidence

and prevalence of OA is increasing.2 Approximately 2.2 million

Australians (9.3%) are affected by OA,3 and this figure is expected
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to increase to 3.1 million by 2030.4 At a global level, OA accounts
for an estimated 9.6 million years lived with disability (YLD), and
this figure is increasing.2 Knee OA is more prevalent than hip OA,
and accounts for more YLD.5

Obesity is a known risk factor for the development of knee OA
and the subsequent need for knee replacement (KR).6–8 The global
prevalence of obesity has increased dramatically in recent decades.
Estimates suggested that 6.4% of women and 3.2% of men world-
wide were obese in 1975.9 These figures had increased to 14.9%
and 10.8%, respectively, by 2014. According to the World Health
Organization (WHO), over 650 million adults were obese world-
wide in 2016.10 In Australia, nearly a third of adults are obese.3

KR is a reliable and cost-effective treatment option for patients
with end-stage knee OA where non-operative management has
failed.11 Over 57 000 primary KR procedures were performed in
Australia in 2019, representing an increase of 161% since 2003.12

The annual incidence of KR is projected to exceed 161 000 proce-
dures by 2030.13

The healthcare costs associated with OA are substantial. In 2015,
Australia spent over 2.1 billion dollars (AUD) managing OA, and
this figure is projected to exceed 2.9 billion AUD by 2030.4 A large
proportion of these costs is associated with joint replacement.1

The aims of this study were to examine the incidence of obesity
in patients undergoing primary KR for OA in Australia compared
to the incidence of obesity in the general population, and to investi-
gate the mean age at which patients undergo KR in Australia,
depending on their BMI category.

Methods

A cohort study was performed, using data from the 2017–2018
National Health Survey and the Australian Orthopaedic Association
National Joint Replacement Registry (AOANJRR).

The 2017–2018 National Health Survey was conducted by the
Australian Bureau of Statistics (ABS) from July 2017 to June
2018.3 A random sample of 21 544 private dwellings were
approached across urban and rural areas in all states and territories
of Australia. A response rate of 76.1% was achieved, representing
21 315 persons across 16 384 households.

Height and weight measurements were collected by trained ABS
interviewers, and BMI was calculated by dividing weight in kilo-
grams by height in metres squared. Patients were classified by BMI
according to the WHO classification.14 There was a non-response
rate for these measurements of 33.8% for persons aged ≥18 years,
and missing values were imputed using a hot decking method.3

Publicly available data on the estimated number of persons in
Australia in each BMI category by age and gender were obtained
from the ABS website.15 Age categories utilized in this study were
18–24, 25–34, 35–44, 45–54, 55–64, 65–74, 75–84 and ≥85 years.

The AOANJRR commenced data collection for KR procedures
in September 1999, achieving complete national implementation by
mid-2002. The AOANJRR has collected data on almost 100% of
KR procedures performed in Australia since national implementa-
tion. AOANJRR data are externally validated against patient-level
data provided by all Australian state and territory health depart-
ments. A sequential, multilevel matching process is used to identify

any missing data which is subsequently retrieved by contacting the
relevant hospital. Since 2015, the AOANJRR has collected BMI
data for all primary KR procedures.

BMI data were obtained from the AOANJRR for primary KR
(unicompartmental and total KR) procedures performed for OA
from 01 July 2017 to 30 June 2018. Patellofemoral KR, which
comprise 0.4% of all KR in Australia,12 were excluded from the
study. Patients were classified by gender and age into the above
listed categories.

Statistical analysis was performed using SAS software version
9.4 (SAS Institute, Cary, North Carolina, USA). Relative risks were
calculated using generalized linear models assuming a binomial dis-
tribution and a log link. For patient categories where small numbers
were available for analysis and the estimates were imprecise, rela-
tive risks were not reported. This applied to the underweight BMI
category and the 18–24, 25–34, 35–44 and ≥85 year age categories
for both genders.

The AOANJRR is approved by the Commonwealth of Australia
as a Federal Quality Assurance Activity under part VC of the
Health Insurance Act, 1973. All AOANJRR studies are conducted
in accordance with ethical principles of research (Helsinki Declara-
tion II).

Results

The 2017–2018 National Health Survey reports BMI data for
16 370 Australian adults (aged ≥18 years).3 Overall, 35.6% were
overweight and 31.3% were obese. For those aged ≥65 years,
38.2% were overweight and 37.4% were obese.

During the study period, 58 147 patients underwent primary KR
for OA in Australia. BMI was recorded for 56 217 patients, rep-
resenting a capture rate of 97%. The majority of patients were
female (54.2%) and the mean age was 68 years. Overall, 31.9% of
patients were overweight and 57.7% were obese.

The estimated number of adult females in Australia in each BMI
category, based on the 2017–2018 National Health Survey, is pres-
ented alongside the number of patients that underwent KR during
the study period, in Table A1 in Appendix 1. The same data for
adult males is presented in Table A2.

When comparing the distribution of the estimated Australian
population and the KR population in each BMI category, by age
and gender, it was noted that a higher proportion of KR patients
were in the obese categories (Fig. 1). This association was particu-
larly strong for females in the younger age categories.

The relative risk of undergoing KR based on BMI category,
compared to persons with normal BMI (18.5–24.9 kg/m2), for a
given age and gender, is presented in Table 1. A positive associ-
ation was noted between relative risk of undergoing KR and
BMI category across all age groups and both genders. The asso-
ciation appears to be strongest for females and for younger
patients. Females aged 55 to 64 years with Class 3 obesity are
17.3 times more likely to undergo KR than their normal weight
counterparts. Males aged 55 to 64 years with Class 3 obesity are
5.8 times more likely to undergo KR than their normal weight
counterparts.
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Confidence intervals and p-values for the relative risk calcula-
tions are presented in Table A3 for females and Table A4 for males
in Appendix 1.

Overweight and obese persons undergo KR in Australia at a
younger age than normal weight individuals (Table 2). The mean
age at which normal weight females undergo KR in Australia is
71.3 years, whereas Class 3 obese females undergo KR 7.2 years
earlier, at a mean age of 64.1 years. Similarly, the mean age at
which normal weight males undergo KR is 71.0 years, whereas
Class 3 obese males undergo KR 7.3 years earlier, at a mean age
of 63.7 years.

Discussion

Like many countries worldwide, Australia has experienced a large
increase in the incidence of primary KR in recent decades.12 Potential
drivers for this trend include overall population growth, an aging popu-
lation, increased prevalence of obesity, increasing incidence of sport
related knee injuries, improved access to specialist healthcare, and
expanding indications for surgery.1,16 Nearly 90% of patients undergo-
ing primary KR in Australia are overweight or obese.12

The results of our study suggest a strong association between
increased BMI and the relative risk of undergoing KR. This

Fig. 1. Percentage of individuals in each body
mass index category, by age and gender. Blue
bars, Australian Bureau of Statistics population
estimate; orange bars, knee replacement
patients. UW, underweight; NW, normal
weight; OW, overweight; OC1, obese class 1;
OC2, obese class 2; OC3, obese class 3.
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association is strongest for younger females. Our findings align
with those of previously published studies. Bourne et al. compared
data from the 2006 Canadian Community Health Survey and the
Canadian Joint Replacement Registry.6 They found that overweight
persons had a 3.2 times relative risk of undergoing KR compared to
those with normal weight, and persons with Class 1, 2 and 3 obesity
had relative risks of 8.5, 18.9 and 32.7, respectively. Overgaard
et al. compared data from the Swedish Nationwide Health Survey
and the Swedish Knee Arthroplasty Register, reporting that over-
weight and obese persons aged 45–64 years were 2.7 and 7.3 times
more likely to undergo KR, respectively, than those with normal
BMI.7 For overweight and obese persons aged 65–84 years, the rel-
ative risks of undergoing KR were 2.1 and 4.0, respectively. Nei-
ther of these studies presented separate results by gender.

Positive associations between BMI and the risk of undergoing
KR have also been noted in population studies from Great
Britain,17,18 Iceland,19 Norway,20 Singapore,21 Spain,22

Sweden,23,24 and the United States,25 however these studies
involved linkage of participants to joint replacement registers or
hospital records, rather than reviewing registry data in its entirety.
Several studies noted a stronger association between increased BMI
and the risk of KR in women compared to men.20,21,24,25

Previous studies have linked different population cohorts to
AOANJRR data to investigate the association between obesity and
risk of undergoing KR. These include the AusDiab Study,26 the
Melbourne Collaborative Cohort Study,27,28 and the Second
Australian National Blood Pressure Study.29 These studies have all
found that obese persons have an increased risk of undergoing KR
when compared to persons with a normal BMI.

We also identified that obese patients undergo KR at a younger
age than non-obese patients. In a retrospective study of 4740 KR

performed in the United Kingdom (UK), Clement et al. found that
overweight patients underwent KR 2.1 years younger than normal
weight patients.30 Class 1, 2 and 3 obese patients underwent KR
4.7, 6.7 and 10.5 years younger than normal weight patients,
respectively.

The contribution of obesity to the development of knee OA is
multifactorial. Not only does obesity cause excessive loading of
joint surfaces, but dyslipidaemia and adipose tissue inflammation
increase cytokine production, which also contributes to the
aetiology of OA.31 These associations may explain our finding of
obese patients undergoing KR at an earlier age. The gender associa-
tion we noted may be explained by differences in gait mechanics,
and biochemical and metabolic factors.

While the findings of our study raise concerns about the impact
of obesity on the future healthcare costs of primary KR, they also
foreshadow a growing burden of revision KR. Obese patients
undergoing KR have an increased risk of revision and infection,
when compared to non-obese patients.12,32 Similarly, younger
patients undergoing KR have a higher risk of revision than older
patients.12 Revision KR is much more expensive than primary KR,
and the burden of revision KR is projected to increase
dramatically.33

Health services and policy makers must urgently intervene to
reduce the prevalence of obesity at the population level, to reduce
the burden of obesity related knee OA and subsequent KR. A mul-
tifaceted approach is needed, with individual and societal level
interventions, including a strong focus on prevention.34

In a recent study investigating the factors that have contributed
to the increased incidence of KR in Australia from 2007 to 2017,
Trieu et al. estimated that population changes in BMI have contrib-
uted to at least 6.3% of the growth in KR usage.16 This equated to

Table 1 Relative risk of undergoing knee replacement for osteoarthritis based on body mass index category, compared to persons with normal body mass
index (18.5–24.9 kg/m2), by age and gender

Age (years) BMI category

Normal#

(18.5–24.9 kg/m2)
Overweight

(25.0–29.9 kg/m2)
Obese class 1

(30.0–34.9 kg/m2)
Obese class 2

(35.0–39.9 kg/m2)
Obese class 3
(≥ 40.0 kg/m2)

F M F M F M F M F M

45–54 1.0 1.0 3.1 1.8 7.5 3.2 12.2 5.4 24.9 7.0
55–64 1.0 1.0 3.1 2.1 4.7 3.4 8.4 4.5 17.3 5.8
65–74 1.0 1.0 2.1 1.8 3.6 2.3 4.9 2.5 5.5 3.9
75–84 1.0 1.0 1.8 1.4 2.1 1.6 2.4 2.2 2.2 1.5

Note: BMI, body mass index; kg, kilograms; m, metres; F, female; M, male. Note that comparisons for the underweight body mass index category and the 18–24,
25–34, 35–44 and ≥85 year age categories are not presented because numbers available for analysis were small and the estimates were imprecise.
#Reference body mass index.

Table 2 Mean age (in years) of patients undergoing knee replacement for osteoarthritis by gender and body mass index category

Gender BMI category

Underweight
(< 18.50 kg/m2)

Normal weight
(18.50–24.99 kg/m2)

Overweight
(25.00–29.99 kg/m2)

Obese class 1
(30.00–34.99 kg/m2)

Obese class 2
(35.00–39.99 kg/m2)

Obese class 3
(≥ 40.00 kg/m2)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Female 72 11 71.3 9.3 70.2 8.9 68.5 8.8 66.5 8.5 64.1 8.3
Male 69.6 14 71 9.6 68.9 8.9 67 8.4 65.4 8.1 63.7 7.7

Abbreviations: BMI, body mass index; SD, standard deviation.
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an additional 1631 KR procedures performed annually. A projec-
tion study by Ackerman et al. suggested that by reducing the popu-
lation rate of overweight and obesity in Australia by 5% in 2030,
3278 KR could be avoided annually.13

Even modest weight loss has been shown to effectively reduce
the symptoms of knee OA, and the need for KR. Obese patients
with symptomatic knee OA who maintain at least 10% body weight
loss experience significant improvement in pain and function.35

Overweight patients who lose over 7.5% body weight have a
reduced risk of undergoing KR.36

Our study has several strengths. As far as we are aware, this is
the first study to present the relative risk of undergoing KR for dif-
ferent classes of obesity, by age and gender. We believe our find-
ings will benefit healthcare professionals, health services, and
policy makers alike. The datasets used in this study provide a con-
temporary representation of the association between BMI and the
likelihood of undergoing KR in a country with a high rate of adult
obesity. Our results align with those of previous studies, which
used older datasets,6 and were performed in countries with lower
rates of adult obesity.7 By utilizing AOANJRR data, we can confi-
dently comment on the BMI for nearly 100% of patients undergo-
ing KR in Australia. Moreover, by comparing this dataset to the
2017–2018 National Health Survey, we have avoided potential con-
founders involved in recruitment for previous cohort studies.17–29

We also acknowledge several limitations to our study. Firstly,
the 2017–2018 National Health Survey may not provide a
completely representative sample of the Australian population, and
BMI data was imputed for 34% of respondents. This may affect the
accuracy of our findings. Secondly, the AOANJRR calculates BMI
based on the height and weight provided on data collection sheets
submitted for each KR performed. The accuracy of our findings is
dependent on the accuracy of the data provided; however, these
data are measured at the time of the patient’s preadmission to hos-
pital and are part of the standard anaesthetic record, so we believe
the data is accurate. Thirdly, using BMI to define obesity has limi-
tations, as it does not differentiate between central and peripheral
obesity.

In conclusion, obesity markedly increases the risk of Australian
adults undergoing KR and is associated with the procedure being
performed at a younger age. There is an urgent need for a societal
level approach to address the prevalence of obesity, to reduce the
burden of obesity related knee OA and subsequent KR.
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has a relative standard error of 25–50% and should be used with
caution. ** Estimate has a relative standard error greater than 50%
and is considered too unreliable for general use.Table A2. Number
of males undergoing knee replacement for osteoarthritis by age
group and body mass index category, compared with estimates for
the general population. National data obtained from the Australian
Bureau of Statistics website.14 ABS, Australian Bureau of Statistics
population estimate; KR, knee replacement; BMI, body mass index.
* Estimate has a relative standard error of 25–50% and should be
used with caution. ** Estimate has a relative standard error greater
than 50% and is considered too unreliable for general use.Table A3.
Statistical analysis for female data. F, female; RR, relative risk; CI,
95% confidence interval; Pr > ChiSq, p-value.Table A4. Statistical
analysis for male data. M, male; RR, relative risk; CI, 95% confi-
dence interval; Pr > ChiSq, p-value.
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