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Abstract

BACKGROUND: Among people with hip and knee osteoarthritis (OA),
increasing deprivation is associated with reduced likelihood of receiving
hip and knee arthroplasty (THA, TKA).

OBJECTIVES: To assess whether higher levels of frailty in the most
deprived neighbourhoods explains the association between greater
neighbourhood deprivation and reduced likelihood of receiving THA
and TKA among people with hip and knee OA.

DESIGN: Longitudinal cohort study.

SETTING: Linked primary and secondary care electronic medical
records and national mortality data.

PARTICIPANTS: 104913 individuals with incident hip OA and
216,420 with incident knee OA.

MEASUREMENTS: Frailty was assessed using a frailty index and
categorised as fit, mild, moderate, and severe frailty. Neighbourhood
deprivation was assessed using the index of multiple deprivation (IMD).
RESULTS: Compared to those in neighbourhoods in the least deprived
quintile of IMD, those in neighbourhoods in the fourth and fifth quintile
of IMD (most deprived), respectively, were less likely to receive
THA, adjusted subhazard ratio (95% CI), 0.90 (0.87, 0.93) and 0.77
(0.74, 0.80), over a mean follow up of 4.4 years, with similar results
for TKA. Higher levels of frailty at OA diagnosis were associated also
with reduced likelihood of receiving THA and TKA. The association,
however, between deprivation and likelihood of receiving THA and
TKA could not be explained by increased levels of frailty among those
living in the most deprived areas.

CONCLUSIONS: Further work is needed to understand why those in
the most deprived areas are less likely to receive THA and TKA.

Key words: Osteoarthritis, arthroplasty, frailty, deprivation, health
inequalities.

Background

steoarthritis (OA) is a leading cause of disability
among older adults (1). Osteoarthritis affects around
7% of the global population and is responsible for
2% of the total years lived with disability worldwide (1).
Osteoarthritis is also associated with significant economic
costs, equating to between 0.25% and 0.50% of a country’s
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gross domestic product according to a systematic review (2).
For people with advanced hip and knee OA which is not
adequately managed by more conservative therapies, total hip
and knee arthroplasty (THA, TKA) are effective interventions.
Both THA and TKA are associated with significant
improvements in both pain and function (3-5).

There is evidence of inequity in the provision of THA
and TKA, with a number of factors, including deprivation,
influencing provision. Data from England, Sweden and France
indicate that higher levels of deprivation are associated with
reduced likelihood of receiving THA and TKA (6-11). One
study from England reported that individuals with a higher
level of deprivation (defined as being in receipt of means tested
benefits) were more likely to need a hip replacement (need
assessed using an adapted version of the index of severity
of osteoarthritis of the hip) compared to those not receiving
benefits (6). However, individuals in need of hip replacement
surgery and in receipt of means tested benefits were less likely
to be on a waiting list for surgery compared to those in need of
hip replacement and not in receipt of benefits (6). Similarly,
data from the English Longitudinal Study of Ageing showed
that provision of THA and TKA relative to need (need was
assessed using a simplified New Zealand score) was lower
among those in the most deprived areas (deprivation assessed
using the index of multiple deprivation (IMD), compared to
those in the least deprived areas (9).

The factors driving the association between deprivation and
reduced likelihood of receiving THA and TKA are not well
understood. Inequity in access to healthcare services may be
relevant, including variation in the provision and quality of
services (12). We hypothesised that frailty may also play a
role. Individuals with moderate or severe frailty are less likely
to have joint surgery. This may be due, in part to a perceived
increased risk of complications following surgery among
individuals with moderate or severe frailty. One previous study
from the UK has indicated that increasing frailty is associated
with reduced likelihood of receiving THA among people with
hip OA (13). Since frailty is more common in people living
in areas of greater deprivation (14), it is possible that this may
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explain the association between greater deprivation and lower
likelihood of receiving THA and TKA, though this hypothesis
has not previously been assessed.

The aims of this study were, among those with incident
hip and knee OA, first to determine the association between
frailty and the likelihood of receiving THA and TKA, second to
determine the association between neighbourhood deprivation
and frailty at time of incident OA, and third, to determine
the association between neighbourhood deprivation and the
likelihood of receiving THA and TKA and also whether frailty
explains the association between deprivation and likelihood of
receiving THA and TKA. Our hypothesis was that higher levels
of frailty among those living in the most deprived areas would
explain the lower provision of THA and TKA among those
living in the most deprived areas.

These data are important to better understand the relationship
between neighbourhood deprivation and provision of THA
TKA, as well as highlighting the potential impact of frailty on
the management of OA.

Methods

Data sources

We used a national database of primary care coded electronic
medical records from England; the Clinical Practice Research
Datalink (CPRD, Gold and Aurum) (15, 16). The CPRD
includes routinely collected electronic medical records from
consenting primary care practices. The CPRD comprises two
databases, Aurum and Gold, each containing data from primary
care practices using different patient management systems. The
CPRD is a dynamic database with the number of contributing
primary care practices varying over time. As of September
2018, CPRD Aurum included data for around 7 million patients,
representing around 13% of the population of England. As of
July 2013, CPRD Gold included data for 4.4 million patients,
representing around 7% of the total UK population (15). Further
details of the CPRD are described elsewhere (15, 16).

The CPRD was linked to secondary care coded electronic
medical records, the Hospital Episode Statistics (HES) database
(17), and also the Office for National Statistics (ONS) national
mortality database.

Identification of incident hip and knee OA

We included in our analysis incident cases of hip and knee
OA occurring between 2 January 1998 and 31 March 2019,
based on diagnostic codes for hip and knee OA recorded in the
primary care records (Supplementary Table 1). The incident
date of hip or knee OA was defined as the first occurrence of
a hip or knee OA diagnostic code recorded in the primary care
record. To mitigate the potential for incorrectly classifying
prevalent OA cases as incident cases, we excluded individuals
who had a first OA diagnostic code recorded within 12 months
of registration with the primary care practice. Since the
prevalence of frailty is relatively low among people aged less
than 60 years, we included only people aged 60 years or older at
the time of OA diagnosis.

Identification of primary total hip and knee
arthroplasty

We identified primary THAs and TKAs occurring between
2 January 1997 and 31 March 2019, based on OPCS codes
(18) recorded in the HES data. We excluded people who had
had a THA or TKA due to fracture, osteonecrosis, rheumatoid
arthritis, and malignant neoplasm of bone. In addition, we
excluded cases also where the coded primary indication for
THA and TKA was used in <0.05% of cases.

Assessment of frailty

Frailty was assessed using the electronic frailty index (eFI)
(19). The eFI comprises 36 age-related deficits identified by
coded data in primary care electronic medical records and was
developed using a standard procedure described by Rockwood,
et al (20). Clinical codes were searched in the primary care
electronic medical records to identify candidate deficits for
inclusion in the eFI recorded based on the deficits included
in the Canadian Study of Health and Aging frailty index (21).
Further details of the development and initial validation of the
eFI are described elsewhere (19). In order to apply the eFI in
practices using the SNOMED coding system, we mapped the
original eFI Read code lists to SNOMED codes using mapping
tables from the National Health Service Data Migration
Programme (22). The eFI is calculated as the total number of
deficits present in an individual, divided by 36. The deficits
included in the eFI is shown in Supplementary Table 2. The eFI
was determined at the date of hip or knee OA diagnosis and,
based on previously published thresholds, was categorised as
fit (eFI=<0.12), mild frailty (0.12<eFI<0.24), moderate frailty
(0.24<eFI=0.36), and severe frailty (eFI>0.36) (19).The eFI
has been validated in multiple databases and criterion validity
has been demonstrated by comparing the eFI to other frailty
instruments, including the phenotype model of frailty and the
Clinical Frailty Scale (19, 23, 24).

Assessment of deprivation

Deprivation was assessed using the 2019 English Index
of Multiple Deprivation (IMD) (25). IMD is a multi-
dimensional measure of neighbourhood-level deprivation based
on an individuals’ postcode and in this analysis IMD was
categorised based on quintiles. The IMD is calculated based
on seven distinct domains of deprivation: income deprivation,
employment deprivation, education, skills, and training
deprivation, health deprivation and disability, crime, barriers to
housing and services, and living environment deprivation (25).
Further details about the construction of the IMD are available
elsewhere (26). The 2019 English IMD was categorised into
quintiles, based on the national distribution of the IMD.

Assessment of body mass index

Since body mass index (BMI) has been linked with the
likelihood of receiving THA and TKA (9), we considered
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BMI as a covariate in our analyses. Data on body mass index
(BMI) was extracted from the primary care record. For each
individual, we used the BMI value that was recorded closest to
the date of incident OA and within 12 months prior to the date
of incident OA. For individuals who did not have BMI recorded
in the 12 months prior to the date of incident OA, BMI was set
to missing.

Assessment of ethnicity

Since ethnicity has been linked with the likelihood of
receiving THA and TKA (27), we considered ethnicity as a
covariate in our analyses. Ethnicity was derived from data
recorded either in the primary care record, or in the HES data
and categorised as White, Asian, Black, Mixed, other. Where
there was disagreement in ethnicity category between the
primary care records and HES, or where ethnicity was not
recorded, ethnicity category was set to missing.

Statistical analysis

Descriptive cohort characteristics were calculated and mean
(standard deviation (SD)) values were presented for continuous
variables and number (%) were presented for categorical
variables.

We determined the association between frailty category at
the date of OA diagnosis (in all analyses, ‘fit’ was the reference
category) and likelihood of receiving THA or TKA using
time-to-event, maximum likelihood, competing-risk regression
models (Fine and Grey method) (28), with mortality modelled
as a competing event. Individuals contributed person-time to
the analysis from the first recorded date of hip or knee OA
diagnosis (incident OA) until the date of receiving THA or
TKA, date of death, the date the individual’s primary care
practice stopped contributing data to the CPRD, or 31 March
2019 (end of study period), whichever came first. We adjusted
for year of OA diagnosis, age at OA diagnosis, and sex (based
on primary care records). We then adjusted additionally for
quintile of IMD in a separate model. In separate analyses,
we adjusted additionally for BMI (continuous variable) and
ethnicity category among individuals who had these variables
recorded.

As a supplementary analysis, we modelled the eFI as a
continuous variable when looking at the association between
the eFI and likelihood of receiving THA or TKA. To allow
for possible nonlinear relationships, we included fractional
polynomials for the eFI in a Cox regression model (see
Supplementary Text).

We determined the association between quintile of IMD
(least deprived was the referent group) and frailty category at
the time of hip or knee OA diagnosis using multinomial logistic
regression. Quintile of IMD was the exposure variable (least
deprived quintile was the referent group) and frailty category
was the outcome variable. We adjusted the model for year
of OA diagnosis, age at OA diagnosis, and sex. Results were
presented as relative risk ratios and 95% Cls.

Finally, we determined the association between quintile of
IMD (least deprived was the referent group) and likelihood
of receiving THA and TKA using competing risk regression
models, with mortality modelled as a competing event. We
adjusted for year of OA diagnosis, age at OA diagnosis and sex.
We then additionally adjusted for frailty category in a separate
model. In separate analyses, we additionally adjusted form BMI
(continuous variable) and ethnicity category among individuals
who had these variables recorded. The results were expressed as
subhazard ratios (SHR) and 95% confidence intervals (CI).

Analyses were carried out using Stata/MP v13.1.

The protocol for this work was approved by the Independent
Scientific Advisory Committee for CPRD research (protocol
number 20_119). CPRD has ethics approval from the Health
Research Authority to support research using anonymised
patient data.

Results

Study participants

We identified 105,029 people with incident hip OA and
216,708 with incident knee OA. After excluding 116 and 288
people with hip and knee OA, respectively where the first OA
diagnostic code was recorded within 1 year of registration
with the primary care practice, 104,913 people with hip
OA and 216,420 with knee OA contributed to the analysis
(Supplementary Figure 1). Among those with hip and knee
OA, respectively, the mean (SD) age at the date of incident
OA was 72.5 (8.0) and 72.2 (8.2) years and 61.2% and 58.6%
were female. At the date of incident hip OA and knee OA,
respectively, the proportion of individuals who were; fit was
37.3% and 36.6%; had mild frailty was 40.9% and 41.8%;
moderate frailty was 16.7% and 16.6%; and severe frailty
was 5.2% and 5.0% (Table 1). The number and proportion of
participants in the hip OA and knee OA cohorts in each quintile
of IMD is shown in Table 1.

BMI was recorded in the year prior to the date of incident
OA for 41,693 people in the hip OA cohort (40% of the hip
OA cohort) and 87,872 people in the knee OA cohort (41%
of the knee OA cohort) (Table 1). Ethnicity was recorded for
101,001 individuals in the hip cohort (96% of the hip cohort)
and 206,191 individuals in the knee cohort (95% of the knee
cohort). There were no missing data for frailty, age, sex, or
IMD.

The mean (SD) follow up among those with hip and knee
OA, respectively was 4.4 (4.5) and 5.4 (4.6) years. During
follow up, 34,099 (32.5%) of individuals with hip OA had a
THA and 36,067 (16.7%) of individuals with knee OA had a
TKA. The crude number and percentage of individuals in the
hip OA and knee OA cohorts, respectively who received a THA
and a TKA, stratified by frailty is shown in Supplementary
Table 3, and stratified by quintile of IMD is shown in
Supplementary Table 4.
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Table 1. Participant characteristics

Hip osteoarthritis Knee osteoarthritis

(n=104,913) (216,420)
Mean (SD)
Age, years 72.5 (8.0) 72.2(8.2)
Body mass index (kg/m?)' 28.8 (5.6) 29.8 (5.8)
n (%)

Female 64,242 (61.2) 126,835 (58.6)
Quintile of IMD
1 (least deprived) 26,999 (25.7) 51,173 (23.7)
2 24,753 (23.6) 48,904 (22.6)
3 21,786 (20.8) 45,154 (20.9)
4 17,672 (16.8) 38,592 (17.8)
5 (most deprived) 13,703 (13.1) 32,597 (15.1)
Ethnicity?
White 99,801 (95.1) 198,481 (91.7)
Mixed 97 (0.1) 316 (0.2)
Asian 816 (0.8) 6,248 (2.9)
Black 268 (0.3) 1,047 (0.5)
Other 19 (0.02) 99 (0.05)
Unknown 3912 (3.7) 10,229 (4.7)
Frailty category
Fit 39,127 (37.3) 79,177 (36.6)
Mild frailty 42,902 (40.9) 90,427 (41.8)
Moderate frailty 17,474 (16.7) 35,932 (16.6)
Severe frailty 5410 (5.2) 10,884 (5.0)

1. Body mass index was recorded for 41,693 individuals with hip osteoarthritis (40% of
the hip cohort) and 87,872 individuals with knee osteoarthritis (41% of the knee cohort);
2. Ethnicity was recorded for 101,001 people in the hip cohort (96% of the hip cohort)
and 206,191 people in the knee cohort (95% of the knee cohort)

Association between frailty at time of OA diagnosis
and likelihood of receiving THA and TKA

Increasing frailty at the time of OA diagnosis was associated
with reduced likelihood of receiving both THA and TKA
(Table 2). Adjusting for quintile of IMD had little impact on
the association between frailty and likelihood of receiving
THA and TKA (Table 2). In a model adjusted for year of
OA diagnosis, age at OA diagnosis, sex and quintile of IMD,
compared to those who were ‘fit’, the subhazard ratio (95%C)
for receiving THA among those with mild, moderate, and
severe frailty, respectively, was 0.79 (0.77, 0.81), 0.59 (0.56,
0.61), and 0.39 (0.37, 0.42). The corresponding values for
receiving TKA were 0.98 (0.95, 1.00), 0.80 (0.77, 0.83), and
0.50 (0.46, 0.54) (Table 2). We saw similar results in the
subset of individuals who had BMI and ethnicity recorded and
adjusting additionally for BMI and ethnicity had little impact on
the association between frailty and likelihood of receiving THA
and TKA (Supplementary tables 5 and 6).

In a supplementary analysis, we analysed the eFI
as a continuous variable (see Supplementary Text and
Supplementary Figure 2). There was evidence of a nonlinear
relationship between the eFI and receiving a THA and TKA

(Supplementary Figure 2), however this did not change the
interpretation of the results presented in our primary analysis.

Table 2. Subhazard ratio for THA and TKA by frailty
category

Frailty category Subhazard ratio (95% CI)
Model 1 Model 2
THA
Fit Reference
Mild frailty 0.78 (0.76, 0.80) 0.79 (0.77,0.81)

Moderate frailty 0.57 (0.55,0.60)

0.38 (0.36,0.41)

0.59 (0.56,0.61)
0.39(0.37,0.42)
TKA
Fit Reference
Mild frailty 0.97 (0.94,0.99)
0.78 (0.75,0.81)
0.48 (0.45,0.52)

Severe frailty

0.98 (0.95, 1.00)
0.80 (0.77,0.83)
0.50 (0.46, 0.54)

Moderate frailty

Severe frailty

Model 1: adjusted for year of OA diagnosis, age at OA diagnosis and sex; Model 2:
adjusted for year of OA diagnosis, age at OA diagnosis, sex, and quintile of IMD

Association between deprivation and frailty at the
date of incident OA

Increasing quintile of IMD (increasing neighbourhood
deprivation) was associated with increasing risk of mild,
moderate, and severe frailty (Table 3). In the hip OA cohort,
compared to fit individuals in the least deprived quintile of
IMD, the relative risk ratio (95% CI) of severe frailty at the
time of OA diagnosis among those in the most deprived quintile
of IMD was 4.16 (3.77, 4.59), in a model adjusted for year of
OA diagnosis, age, and sex. The corresponding result in the
knee OA cohort was 3.47 (3.23,3.72) (Table 3).

Association between neighbourhood deprivation
and likelihood of receiving THA and TKA

Compared to those in neighbourhoods in the least deprived
quintile of IMD, those in neighbourhoods in the 4th and 5th
(most deprived) quintiles of IMD were less likely to receive
THA and TKA (Table 4). In a model adjusted for year of OA
diagnosis, age at OA diagnosis, sex and frailty category at time
of OA diagnosis, compared to those in neighbourhoods in the
least deprived quintile of IMD, the subhazard ratio (95% CI)
for receiving THA among those in neighbourhoods in the 2nd,
3rd, 4th, and Sth quintile of IMD, respectively was 1.02 (0.99,
1.05), 1.02 (0.99, 1.05),0.94 (0.91,0.97), and 0.83 (0.80, 0.86).
The corresponding values for TKA were 1.00 (0.97, 1.03),0.99
(0.96, 1.02), 0.90 (0.87, 0.93), and 0.79 (0.76, 0.83) (Table
4). There was no important difference in the strength of these
associations after adjustment for frailty category (Table 4).

We saw similar results in the subset of individuals who had
BMI and ethnicity recorded and adjusting additionally for BMI
and ethnicity had little impact on the association between IMD
and likelihood of receiving THA and TKA (Supplementary
tables 7 and 8).
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Table 3. Relative risk ratio for frailty category at date of OA diagnosis by quintile of index of multiple deprivation

Quintile of index of multiple deprivation

1 (least deprived)
2
3
4
5 (most deprived)

1 (least deprived)
2
3
4
5 (most deprived)

Mild frailty

1.05 (1.01, 1.10)
1.15 (1.11, 1.20)
132 (126, 1.38)
1.60 (1.53,1.68)

1.07 (1.04,1.11)
1.16 (1.13, 1.19)
1.26 (122, 1.30)
1.49 (144, 1.54)

Relative risk ratio (95% CI)!

Moderate frailty
Hip OA cohort
Reference
1.16 (1.10, 1.22)
1.36 (1.29, 1.44)
1.74 (1.64,1.85)
2.55(2.39,2.72)
Knee OA cohort
Reference
1.13 (1.09, 1.18)
1.34 (1.28,1.39)
1.57 (1.50, 1.64)
223(2.14,233)

Severe frailty

125 (1.14,1.38)
1.68 (1.53,1.84)
224 (2.03,2.47)
4.16 (3.77,4.59)

1.24 (1.15,1.32)
1.57 (1.47,1.68)
2.04(1.90,2.19)
347 (3.23,3.72)

1. Multivariable logistic regression model adjusted for year of diagnosis of OA, age, and sex. ‘Fit’ was the reference category.

Table 4. Subhazard ratio for THA and TKA by quintile of
index of multiple deprivation

Quintile of index of multiple Subhazard ratio (95% CI)

5 (most deprived)

0.77 (0.74, 0.80)

deprivation Model 1 Model 2
THA

1 (least deprived) Reference

2 1.01(0.98,1.04)  1.02(0.99, 1.05)

3 1.00(0.97,1.03)  1.02(0.99, 1.05)

4 0.90(0.87,093) 0.94(0.91,0.97)

0.83(0.80,0.86)

TKA
1 (least deprived) Reference
2 1.00(0.97,1.03)  1.00 (0.97,1.03)
3 0.98(0.95,1.01) 0.99(0.96,1.02)
4 0.88(0.86,091)  0.90 (0.87,0.93)

5 (most deprived) 0.77 (0.74,0.79)  0.79 (0.76,0.83)

Model 1: adjusted for year of OA diagnosis, age at OA diagnosis and sex; Model 2:
adjusted for year of OA diagnosis, age at OA diagnosis, sex, and eFI category at time of
OA diagnosis

Discussion

We found that both increasing frailty at the time of OA
diagnosis and increasing deprivation were associated with
reduced likelihood of receiving THA and TKA, independently
of each other. We also found a ‘dose-response’ association
between increasing neighbourhood deprivation and increased
frailty at the time of OA diagnosis. Adjusting for frailty at
the time of OA diagnosis attenuated the association between
neighbourhood deprivation and reduced likelihood of receiving
THA, though did not fully explain the association. Frailty
had little impact of the association between neighbourhood
deprivation and likelihood of receiving TKA.

As outlined in the introduction, an association between
increasing deprivation and reduced likelihood of receiving

THA and TKA, both in the general population and also among
people with hip and knee OA, has previously been reported
(6-11), although factors explaining this association are not
well understood. One previous study using data from the
English Longitudinal Study of Ageing looked at variation in
provision of THA and TKA by deprivation relative to need
(need was assessed using a simplified New Zealand score) (9).
In agreement with our findings, the authors found lower rates
of THA and TKA among those in the most deprived (compared
to least deprived) quintile of IMD); rate ratio (95% CI) for
THA and TKA, respectively 0.31 (0.30, 0.33) and 0.33 (0.31,
0.34). The magnitude of the association was more marked than
observed in our study, however, we did not have information
about provision relative to need. Previous data have suggested
that need is greater among those most deprived, compared
to those least deprived (9). One previous study from the UK
looked at the association between frailty, assessed using the eFI,
and likelihood of receiving THA among people with hip OA
(13). The study found, similar to our findings, that increasing
frailty was associated with reduced likelihood of receiving THA
(13). In a model adjusted for age, sex, region and year of OA
diagnosis, compared to individuals with <4 eFI deficits, the
hazard ratio (95% CI) for receiving THA among those with 5-8
deficits, 9-12 deficits, and =13 deficits respectively, was 0.77
(0.74, 0.81), 0.52 (0.47, 0.59), 0.34 (0.22, 0.51) (13). These
results match closely with our findings. Slight differences in
the hazard ratios may due to differences in the study cohort and
study period.

Our study has a number of strengths, including a large
sample size, linked primary and secondary care data, and the
use of a well validated frailty index. There are also limitations
which need to be considered when interpreting our findings.
We used the IMD as a measure of neighbourhood deprivation
based on an individual’s postcode. Caution is needed
when interpreting the association between neighbourhood
deprivation and likelihood of receiving THA and TKA, since
neighbourhood deprivation is not equivalent to individual-level
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deprivation. We assessed frailty at a fixed point in time (the
date of hip or knee OA diagnosis). We did not assess the impact
of change in frailty status during follow up on the likelihood
of receiving THA and TKA. However, due to the relatively
short follow up period in our study, it is unlikely that there was
significant change in frailty during follow up. In our analysis,
we were not able to account for OA disease severity which may
impact on the need for THA and TKA. It seems unlikely though
that those who live in the most deprived areas or are frail would
tend to have less severe OA and therefore less need for THA
and TKA. Indeed, one study of individuals who received total
joint arthroplasty found higher OA disease severity (Kellgren-
Lawrence grade) among those with a low, compared to higher
income (29). Whilst it is plausible that more severely frail
patient may be less willing to undergo THA and TKA (and
also healthcare professionals less willing to carry out THA and
TKA), there is no evidence of reduced willingness to undergo
THA or TKA among those living in more deprived compared
to less deprived areas (30). Indeed one study looking at the
association between education and willingness to undergo THA
and TKA following first-line intervention for OA found lower
willingness to undergo THA and TKA among those with higher
educational attainment (31).

We identified hip and knee OA based on diagnostic codes in
primary care electronic medical records. In a validation study
including a random sample of 170 individuals in the CPRD age
65 years and over with a hip OA code were identified and their
primary care physicians were contacted and asked to review and
confirm the diagnosis of hip OA based on medical records and
x-rays (32). Of those with a hip OA code, 80% of individuals
had a confirmed diagnosis using x-ray and 88% of individuals
had a confirmed diagnosis (either by clinical means or by x-ray)
suggesting that codes for hip OA in the CPRD dataset are likely
to accurately identify true cases (32).

Being overweight or obese has been linked with increased
incidence of THA and TKA among people with hip and knee
OA (33). In our data, BMI was only available for about 40% of
the study cohort. However, among individuals who had BMI
recorded additional adjustment for BMI had only a marginal
impact on the association between both deprivation and frailty
and also deprivation and the likelihood of receiving THA and
TKA.

Previous studies have indicated a reduced likelihood of
receiving THA and TKA among individuals belonging to
an ethnic minority group (27). Additional adjustment for
ethnicity, however, had little impact on the association between
deprivation and likelihood of receiving THA and TKA, or on
the association between frailty and likelihood of receiving THA
and TKA in our analyses.

Factors driving the association between neighbourhood
deprivation and likelihood of receiving THA and TKA are
not fully understood. In the early 1970s, Hart described how
“the availability of good medical care tends to vary inversely
with the need of the population served” (34), with inequities
in the provision and use of services in the UK also observed
more recently (35). Variation in the likelihood of receiving
THA and TKA between areas of differing deprivation levels

do not appear to be explained by differences in primary care
consultation rates for OA. Indeed, one study using data from
the CPRD reported that primary care consultation rates for OA
were higher in the most deprived compared to leased deprived
areas (36). However, despite this, people in more deprived areas
may be less likely to be on a waiting list for THA and TKA (6).
Further work is needed to determine factors that influence why
people living in more deprived areas are less likely to have joint
replacement surgery, including access to primary and secondary
healthcare, pathways of care, and also patient expectations and
views of arthroplasty.

In conclusion, our analysis suggested that both increased
deprivation and increased frailty at the time of incident hip or
knee OA were associated with reduced likelihood of receiving
THA and TKA. Frailty partially, though did not fully explain
the reduced likelihood of receiving THA among those most
deprived. Further work is needed to better understand the
factors driving the association between higher deprivation and
reduced likelihood of receiving THA and TKA among people
with OA.
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