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Objectives: Temporal and geographic variations in knee osteoarthritis (OA) incidence occur worldwide.
Regional variations also exist for socioeconomic status. We analyzed the association between socioe-
conomic deprivation (SED) and knee replacement (KR) incidence and assessed the proportion of KR
associated with affluence.
Methods: Patients aged 15 years and over hospitalized for KR in 2013 were included. We linked each
patient to a municipality of residence. Municipalities were matched to the 2011 European Deprivation
Index score for SED analysis. Poisson regression was performed to examine the association between KR
incidence and EDI adjusted for age and sex. The Population Attributable Fraction (PAF) was measured to
calculate the proportion of excess of KR associated with social affluence.
Results: We included 77 597 KR. KR incidence decreased with increasing SED index. The EDI was signifi-
cantly associated with KR incidence (P<0.0001). The risk of KR is 2.36 times higher for persons living in
the most affluent area compared to those living in the most underprivileged area. The PAF was 28.3%.
Conclusions: The French administrative municipalities with the highest SED have the lowest age- and sex-
adjusted KR incidence. It cannot be excluded that patients living in more privileged areas are overtreated.
Complementary studies are necessary to define all the individual factors that limit or increase the access
to knee replacement.

© 2019 Published by Elsevier Masson SAS on behalf of Société francaise de rhumatologie.
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1. Introduction Previous studies have shown a temporal variation in knee OA

and KR worldwide. For instance, using total knee replacement (KR)

The knee is the joint most frequently affected by osteoarthritis
[1]. Guillemin et al. assessed the prevalence of knee OA in France
from 2007 to 2009 [1]. About 2.1 to 10% of men and 1.6 to 14.9% of
women aged 40 to 75 years old were affected. Many consequences
such as chronic pain, disability, and negative alterations in qual-
ity of life are associated with knee OA [2]. Knee arthroplasty, also
known as knee replacement (KR), constitutes a significant devel-
opment in the management of patients with advanced arthritis
of the knee for which conservative medical therapy has failed. KR
results in improved pain symptoms and handicap, and therefore, is
one of the most commonly performed orthopedic procedures [3].
Annually, about one million KR are performed in the world [3].
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as a surrogate marker of severe knee OA, Culliford et al. estimated
the lifetime risk of KR in the United Kingdom to range from 8 to11%
for 50-70 year-old women and from 6 to 8% for men in the same age
group [4]. From 1991 to 2006, the lifetime risk increased by 6.9% for
women and 4.4% for men [4]. Many risk factors for KR in persons
with knee OA have been identified in the literature, such as obesity,
increased body mass index, radiographic findings including joint
space narrowing and MRI detected bone marrow lesions, synovitis
and effusion [5-7].

Moreover, a geographic heterogeneity was observed in knee OA
prevalence, with a decreasing North-East to South-West gradient
in France [1]. Observations are similar in other European countries,
with a higher prevalence reported in northern countries, although
different methods and OA definitions were used [8]. Reasons for
these geographic and temporal variations are not well known. In
order to find some explanations, it may be helpful to study various
knee OA risk factors.
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Fig. 1. Flowchart of inclusion procedure (EDI: European Deprivation Index).

Many risk factors for knee OA have been identified in the
literature, such as gender, obesity, knee injuries, repetitive
joint movement, reduced bone density, muscle weakness, knee
malalignment, heavy physical labor, less formal education, and low
income [8-14]. Although some of these factors are linked to socioe-
conomic status (SES), the relationship between the incidence of
knee OA and SES appears to be discussed [9-11]. Usually, the SES
is analyzed by means of one sole or only a few variables such as
racial category, income level, education level, or occupation [15,16].
Recently, a European transnational ecological deprivation index,
the European Deprivation Index (EDI) [17], was constructed to
analyze regional social health inequalities [ 18]. Deprivation is rec-
ognized as being a composite concept, where no single variable can
be said to measure it, but rather a number of variables contribute
in some way [19].

The aim of our study was two-fold: to analyze the association
between KR incidence and EDI as well as to assess the proportion
of cases of KR associated with affluence.

2. Methods
2.1. Population study

In this cross-sectional study, KR data were obtained from the
French Hospital National Database which included all hospitaliza-
tions occurring in public and private acute care settings in 2013.
The validity of this database has previously been shown [19,20].
We selected all hospital stays related to disease-related groups
(DRG) for a first knee prosthesis (08C241,08C242,08C243,08C244)
related to knee OA encoded as the primary diagnosis (i.e. ICD-10
code M17) in persons aged 15 years and over (n=86 052). We
only retained the first surgery in the case of a knee prosthesis
occurring in the contralateral knee (n=1531 patients undergoing
contralateral surgery in the same year). Among them, we excluded
all hospitalizations for patients not living in metropolitan France or
with a wrong postal code because of an error in the transcription
of the code in the database (Fig. 1). Age, sex, and place of resi-
dence (i.e. postal code) were known for every patient. The postal
code was used to link patients to their municipalities. The EDI was

available for municipalities. In most cases, the postal code corre-
sponds to a single municipality, but for some postal codes in rural
areas one postal code corresponds to several municipalities, mak-
ing it impossible to match the postal code to the EDI score. These
postal codes were excluded from the analysis. The final selection
included 77,597 KR (90.2% of the initial selection). The study area
included 36,849 municipalities with a mean of 1100 inhabitants
and a standard deviation of 4735. The French population data used
to calculate the KR incidence were those published in 2013 by the
National Institute for Statistics and Economic Studies (INSEE).

2.2. Socioeconomic deprivation (SED)

For SED analysis, we used the recently published French ver-
sion of the EDI [19,20,21]. The methodology of EDI was to select
ecological census variables that are closely related to individual
deprivation using the European Statistics on Income and Living
Conditions study. The score of the French EDI (2007) for a geo-
graphical unit was calculated using the following formula:

EDI=0.24 * “overcrowding”+0.66 * “no shower or bath-
tub”+0.31 * “foreign”+0.59 * “no car’+ 1.14 * “no high level
of education”+1.13 * “single-parent families”+0.97 * “families
of more than 6 people”+1.09 * “unemployed”+1.08 * “non-
homeowners”.

In this study, we used the EDI Score associated with each of
the French administrative municipalities. A categorical version of
EDI divided into quintiles was used. Quintile 5 corresponds to the
most deprived municipalities and quintile 1 corresponds to the
least deprived districts.

2.3. Statistical analysis

We compiled the hospitalizations stratified by sex, age group
(<45, 45-59, 60-74, 75-89, >90), and place of residence. We calcu-
lated the incidence by dividing the number of patients with a KR by
the French population for sex, age group, and place of residence.

Poisson regression was used to examine the association
between KR incidence and SED through the French EDI score in
quintiles in a multivariate model including all of the covariates.
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Table 1
Number and percentage of knee replacements in the French metropolitan popula-
tion in 2013 according to sex and age.

Table 2
Results of Poisson regression between the categorical version of the European Depri-
vation Index and knee replacement incidence adjusted to sex and age.

Age range, Sex
years
Total, Men, Women,
n=77597 n=29599 n=47998
(38.2) (62.8)
<45,n (%) 428(0.5) 210(0.7) 218 (0.4)
45-59,n (%) 9491 (12.2) 3926 (13.2) 5565 (11.6)
60-74, n (%) 39,615 (51.0) 15,806 (53.4) 23,809 (49.6)
75-89,n (%) 27,730 (35.7) 9572 (32.3) 18,158 (37.8)
>90, n (%) 333(0.4) 85(0.3) 248 (0.5)
Total, n (%) 77,597 (100) 29,599 (100) 47,998 (100)

Data are expressed as number (percentage).

Quintile 5 was considered as the reference category. Other covari-
ates included age, sex (male sex has been taken as a reference), and
the age group <45 years. Sex, age group, and their interaction, and
categorical EDI were tested. Significance was assigned when the
P-value was < 0.05. The natural logarithm of the population size in
each municipality was included in the model as the offset because
the rates were analyzed instead of counts.

To measure the proportion of cases of KR associated with SED,
we assessed the Population Attributable Fraction (PAF) [22]. PAF
can be defined as the proportional reduction in average risk over a
specified time interval that would be achieved by eliminating the
exposure of interest from the population. The PAF is a powerful and
validated tool to assess the proportion of cases directly related to
the exposure on interest. In our study, the PAF allowed to estimate
the excess number of KR associated with the social environment.

The calculation of the PAF needs the relative risks determined
for each social deprivation obtained with the previous model. The
associated proportion of risk was defined as:

PAF =1 — 1
5
ZPiRRi
i=1

where pi is the proportion of the population at the social depriva-
tion level i and RRi is the relative risk associated with the social
deprivation level I. The modeling was performed using SAS version
9.3.

2.4. Role of the funding sources

All authors were independent from funders and sponsors. Any
funder had a role in study design, data collection, data analysis, data
interpretation, or writing of the report. The corresponding author
had full access to all the data in the study and had final responsibility
for the decision to submit for publication.

3. Results

In 2013, 86 052 KR were reported in France of which 77,597
were included in this study (Fig. 1). Among them, 29,599 (38%) KR
were in men and 47,998 (62%) were in women. Over 87% of KR were
in patients at least 60 years of age, among which 42 215 (62%) were
women (Table 1).

Table 2 and Fig. 2 illustrate the relationship between KR inci-
dence and French EDI in the whole population. Incidence of KR
increased as the social deprivation index decreased.

The results of the Poisson regression are given in Table 2. The
interaction of age group and sex was not significant and the EDI
in quintiles was significantly associated with the incidence of KR
(P<0.0001). Residents of more affluent areas were more likely to
have knee replacement than those in less affluent areas. The risk of

Variables N Estimation 95% ClI P-value
Sex
Male 29,599 1
Female 47,998 1.34 1.29to 1.38 <0.0001
Age class (years)
<45 428 1
45-59 9491 59.42 46.47 to 75.99 <0.0001
60-74 39,615 339.34 266.45 to 432.16 <0.0001
75-89 27,730 428.85 336.57 to 546.48 <0.0001
>90 333 42.68 29.35 to 62.06 <0.0001
Categorical EDI
Quintile 5 28,528 1
Quintile 4 12,101 1.45 1.38to 1.53 <0.0001
Quintile 3 11,045 1.64 1.55t0 1.72 <0.0001
Quintile 2 12,963 2.05 1.95t02.16 <0.0001
Quintile 1 12,960 2.36 2.251t02.48 <0.0001

95% ClI: 95% confidence interval; EDI: European deprivation index.
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Fig. 2. Total knee replacement incidence (n per 100,000 inhabitants) in France in
2013 according to quintiles of European Deprivation Index in both sexes (crude
incidence, not adjusted for age). EDI quintile 1 corresponds to the least deprived
municipalities, and quintile 5 to the most deprived municipalities.

KR is 2.36 times higher for those living in the most affluent area
compared to those living in the most underprivileged area. The
analysis of the PAF showed that the participation of the social gradi-
ent in KR cases in 2013 is 28.3%. Excess cases associated with social
affluence in men and women were calculated at 22,007, whereas
expected cases were calculated at 55,590.

4. Discussion

This study provides evidence of social disparities in KR incidence
in France. We observed that KR risk is more than 2 times higher
in the least deprived than in the most deprived geographic areas.
The analysis of the PAF showed that KR cases were 28.3% higher in
affluent areas.

Relationships between SES and KR incidence have been assessed
in previous studies [11,16]. In a Swedish regional study, Wetter-
holm et al. evaluated the effect of individually-defined SES on the
rate of knee and hip replacement due to OA [16]. They found a sta-
tistically significant lower hazard ratio for KR in the lowest income
quartile compared to the middle and high quartiles. However, no
statistically significant differences remained adjusting for occu-
pation and level of education. Bohensky et al. assessed the link
between SES and KR incidence in an Australian population using
community indicators of SES [11]. Each patient’s area of residence
was linked to an index score of SES based on characteristics of eco-
nomic resources. KR incidence was lower in the low SES tertile
group compared to the middle and high SES groups.
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Ecological deprivation indices are one of the numerous
approaches for measuring SES. They have essentially been devel-
oped pragmatically from census data which include a number of
variables reflecting the socioeconomic position of the surrounding
population. The French EDI is the French version of the European
adaptable transnational index. Previous studies using the French
EDI have provided evidence of social disparities in the incidence of
cancer and osteoporotic hip fracture in France [20,23].

The association between obesity and knee OA has been well doc-
umented [24-26]. Being overweight or obese increases the risk of
knee OA and this occurs on a dose-response gradient of increas-
ing BMI. Consequently, body weight is one of the most important
KR risk factors [13,14]. A strong relationship between a low SES
and overweight or obesity has also been described [27,28]. This
relationship is explained by the low financial resources or greater
stress associated with low SES that promotes unhealthy diet and
lifestyle [29].

Because we did not have data on BMI, we could not include BMI
as a covariate. However, the relationship between KR incidence and
SES found in our study contradicts the relationship between body
weight and SES described in the literature, which suggests that
other factors play an important role in the relationship between
KR incidence and SES.

Physical activities, particularly those which lead to excessive
lower extremity joint loading, are important risk factors for knee
OA and KR [30,31]. According to previous studies, socioeconomic
inequalities are found in physical activity. One review showed that,
among people with low SES, leisure-time physical activity is less
prevalent and occupational physical activity is more prevalent.
No socioeconomic difference was found in total physical activity
[32,33]. Taken together, these data suggest a complex relationship
among SES, physical activity, weight, and risk of knee OA. Such a
relationship must be studied including all these factors.

Differences also exist in access to healthcare centers and in
willingness to undergo a KR in patients with OA, but data are
conflicting. Rahman et al. quantified the effect of SES on surgical
consultation and on total hip and KR rates among 34,420 British
patients with OA from 1996 to 2004 [34]. Patients with higher SES
were more likely to consult an orthopaedic surgeon and under-
went more total joint replacements than those with the lowest
SES. Cleveland et al. explored the relationship between pain, func-
tion, and stiffness outcomes with individual and community SES in
782 patients with radiographic knee OA [35]. Community SES was
based on the community poverty rate, defined as the percentage
of households falling below the Census Bureau measure of poverty
line. Individual SES was defined by educational level and occupa-
tion. Lower individual and community SES were associated with
worse function and pain outcomes [35]. More recently, Feldman
et al. found similar results in a cohort of 316 patients with sched-
uled KR [36]. Individual SES was defined by education level, while
community SES was defined using a composite index including
neighbourhood factors such as social cohesion, social capital, and
neighbourhood safety. Pollard et al. found a lower level of impair-
ment in less deprived patients with hip and knee radiographic OA
[37]. Social deprivation was defined by the Townsend index, based
on the four variables from the 1991 census: unemployment, non
car-ownership, non home-ownership, and household overcrowd-
ing.

Another explanation for the link found between SES and KR inci-
dence is the difference in patient travel distance to the hospital and
access to care inrelation to SES. In France, the most privileged popu-
lations live near the center of a big city, where the density of medical
facilities is higher, whereas the most deprived persons live further
away in the suburbs or in rural towns. Geographic remoteness from
hospitals could be a barrier to access to specialized surgeons as
has already been described for cancer [38]. Moreover, in France,

most surgeons working in private acute care charge additional fees
that could limit the willingness to undergo a KR in the poorest
patients.

Our study had several methodological strengths. First, the study
included a large sample size with nearly complete French data
for the year. To our knowledge, it is the first national ecological
study analyzing the association between socioeconomic depriva-
tion and knee replacement incidence. Second, the EDI used is a
new index with external validity and utility across time and space.
Third, knowing the sociodemographic distribution of KR with an
increased incidence in women and older persons, we have adjusted
KR incidence for sex and age.

Our study presents some limitations. First, we used the local
municipality as a geographic unit. However, some municipalities
do not have their own municipality code. Therefore, these munic-
ipalities were excluded from the analysis. As these municipalities
are mainly located in rural areas with similar SES profiles, we can-
not rule out the hypothesis that exclusion of these municipalities
has influenced our results. Indeed, the rural French population
being rather disadvantaged, the exclusion of a part of this popu-
lation probably favoured our demonstration. However, the most
deprived individuals live in the suburbs, assuring us that they were
included in our analysis. On the other hand, some large towns
in France have several postal codes. In these towns, the analysis
included the districts defined by the postal codes. Second, using an
ecological index introduced an ecological bias into the measure-
ment of individual SES. We do not have individual data, and it may
appear that persons living in the same area have the same depri-
vation level, which may not always be true. An ecological index
also limits the distinction between a true neighbourhood effect and
individual social deprivation correlated with neighbourhood char-
acteristics. The higher KR incidence in advantaged areas can be due
to the higher proportion of advantaged individuals in these areas
(composition effect) or it can be due to other aspects specific to
the areas associated with KR risk (context effect). Moreover, we
relied on the postal code at the time of data collection to measure
environment, without taking into account the personal history of
individuals in terms of geographical or social mobility. Therefore,
the data source from the French Hospital Database could not ensure
the completeness of the data. Third, we considered that all KR are
due to OA while it affects only 95% of KR according to epidemiol-
ogy.

The assumptions that can be raised are that increased body
weight, level of physical activity, or impact of knee OA felt by the
patient could be the factors explaining the variations in KR inci-
dence. However, this could not be analyzed because administrative
data does not allow for adjustments.

Finally, our study showed that the French administrative munic-
ipalities with the highest socioeconomic deprivation have the
lowest age- and sex-adjusted knee replacement incidence. The risk
of knee replacement results from the risk of knee osteoarthritis
combined with many factors influencing the probability of receiv-
ing a knee replacement or not, such as willingness to undergo
a surgery and access to care. Some of these factors are strongly
influenced by the characteristics of the national health system.
Moreover, it cannot be excluded that patients living in more privi-
leged areas are over-treated. Therefore, complementary studies are
necessary to define all the individual factors that limit or increase
the access to knee replacement in France.
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