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What effect have commissioners’ policies 
for body mass index had on hip replacement 
surgery?: an interrupted time series analysis 
from the National Joint Registry for England
Joanna McLaughlin1*  , Ruth Kipping2  , Amanda Owen-Smith2  , Hugh McLeod2,3  , Samuel Hawley1  , 

J. Mark Wilkinson4   and Andrew Judge1,5,6   

Abstract 

Background Despite their widespread use, the impact of commissioners’ policies for body mass index (BMI) for 
access to elective surgery is not clear. Policy use varies by locality, and there are concerns that these policies may 
worsen health inequalities. The aim of this study was to assess the impact of policies for BMI on access to hip replace-
ment surgery in England.

Methods A natural experimental study using interrupted time series and difference-in-differences analysis. We used 
National Joint Registry data for 480,364 patients who had primary hip replacement surgery in England between 
January 2009 and December 2019. Clinical commissioning group policies introduced before June 2018 to alter access 
to hip replacement for patients with overweight or obesity were considered the intervention. The main outcome 
measures were rate of surgery and patient demographics (BMI, index of multiple deprivation, independently funded 
surgery) over time.

Results Commissioning localities which introduced a policy had higher surgery rates at baseline than those which 
did not. Rates of surgery fell after policy introduction, whereas rates rose in localities with no policy. ‘Strict’ policies 
mandating a BMI threshold for access to surgery were associated with the sharpest fall in rates (trend change of − 1.39 
operations per 100,000 population aged 40 + per quarter-year, 95% confidence interval − 1.81 to − 0.97, P < 0.001). 
Localities with BMI policies have higher proportions of independently funded surgery and more affluent patients 
receiving surgery, indicating increasing health inequalities. Policies enforcing extra waiting time before surgery were 
associated with worsening mean pre-operative symptom scores and rising obesity.

Conclusions Commissioners and policymakers should be aware of the counterproductive effects of BMI policies on 
patient outcomes and inequalities. We recommend that BMI policies involving extra waiting time or mandatory BMI 
thresholds are no longer used to reduce access to hip replacement surgery.
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Background
Hip replacement is a common surgical procedure that 

is highly effective at reducing pain and improving func-

tional outcomes in patients with end-stage hip osteo-

arthritis where non-surgical measures have failed to 

provide adequate improvement [1]. In countries of the 

Organization for Economic Cooperation and Develop-

ment (OECD), the hip replacement rate increased by 22% 

from 2009 to reach a rate of 174 per 100,000 in 2019 [2]. 

One in 10 people in the UK can expect to receive a hip 

replacement at some point in their lifetime [3], and over 

100,000 procedures were performed in 2019 in England 

and Wales [4]. Demand is increasing with an ageing pop-

ulation and rising levels of obesity [5]; even before the 

delays in access to surgery arising from the COVID-19 

pandemic, more than half a million people were on the 

waiting list for elective trauma and orthopaedics in Eng-

land and Wales [6].

Pathways to surgery across the National Health Service 

(NHS) are increasingly incorporating ‘health optimisa-

tion’ interventions for patients to improve their health 

before surgery, and these may include weight loss. There 

is variation in the approach chosen by commissioning 

localities; their policies range from recommendations 

that patients are given advice to lose weight to the use of 

extra waiting time or mandatory body mass index (BMI) 

thresholds for referral to surgery [7, 8]. Employing the 

‘teachable moment’ of surgery to engage a patient with 

weight loss is intended to reduce a patient’s need for sur-

gery, improve surgical outcomes and trigger lasting life-

style changes [9, 10]. Where BMI is used to limit access 

to surgery, health optimisation presents an interplay 

between rationing for resource preservation and health 

improvement [11–13]. Despite guidance that surgical 

commissioning policies should not be based on factors 

such as a patient’s weight [14], by 2021, around 70% of 

England’s NHS clinical commissioning groups (CCGs) 

restricted access to joint replacement based on BMI [15].

Evaluations of some holistic approaches to supporting 

patients with health improvement in the pre-operative 

period have shown promising results [16–18], but the 

impact of BMI threshold use to limit access to surgery 

has not been well-examined. We have recently published 

analyses of knee replacement surgery rates in England 

that indicate BMI policies are associated with drops 

in the rate of surgery and with widening inequalities in 

patients [19]. Our aim in this study was to understand 

the impact of different severities of BMI policy on ine-

qualities and patient access to elective hip replacement 

surgery in England. Using data from the National Joint 

Registry, we used a natural experimental study design 

with interrupted time series analyses to model the impact 

introduction of these policies has had on trends in rates 

of elective hip replacement surgery. We examined the 

difference in outcomes between CCGs with and with-

out BMI policies. Our a priori hypothesis [20] was that 

stricter policy introduction would be associated with a 

greater reduction in the rate of surgery.

Methods
Study design

We used a quasi-experimental natural experiment study 

design [21–23]. We evaluated the impact of the intro-

duction of CCG health optimisation policies on trends 

before and after the implementation of the intervention. 

The timing of the introduction of health optimisation 

policies varied by CCG. Whilst CCGs ceased as organisa-

tions in July 2022 and were replaced by Integrated Care 

Boards [24], this paper uses data relating to commission-

ing by CCGs prior to this change.

Data source

We used data from the National Joint Registry for Eng-

land, Wales, Northern Ireland and the Isle of Man (NJR). 

The NJR contains data on all publicly and privately 

funded hip replacement operations and includes 2 mil-

lion patients since 2003, covering 96% of primary hip 

replacements [4]. It is mandatory for surgeons and their 

hospitals to register all hip replacement activity in the 

NJR, whether the procedures are funded by the NHS or 

independently. The NJR contains anonymised patient 

data on age, gender and date of procedure. Information 

on the patient’s residential area, as defined by the 2011 

census Lower Layer Super Output Areas (LSOA), is also 

available. LSOAs are defined as geographical areas of 

similar population sizes, with an average of 1500 resi-

dents [25]. We used the dataset prepared for the NJR’s 

2019 annual report [26] which therefore did not require 

further cleaning or coding. We used data provided by 

the Office for National Statistics (ONS) to identify the 

LSOAs nested in each CCG locality [27]. As a meas-

ure of socioeconomic deprivation, we used the index of 

multiple deprivation (IMD) score, a relative measure of 

deprivation based on LSOAs. We used the IMD rank 

for a patient’s LSOA and categorised patients into quin-

tiles based on the national ranking of local areas, with 

quintile 1 being the most deprived group and quintile 5 

being the least deprived group. Patient-reported outcome 

measures (PROMS) comprising pre- and post-operative 

Oxford Hip Score questionnaire data were linked to the 

NJR dataset at the patient level. The Oxford Hip Score is 

a validated hip-specific measure  scored 0–48 with 0 indi-

cating the most severe symptoms [28]. Information on 

relevant CCG policy content, introduction and cessation 

dates was gathered in July 2021 through the collection of 
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policy documentation from CCG websites supplemented 

with Freedom of Information requests to each CCG [8].

Participants and inclusion criteria

The study sample consisted of 849,686 patients who had 

a primary hip replacement in England between January 

2009 and December 2019 recorded in the NJR. The inclu-

sion criteria were patients aged 40 + years with osteoar-

thritis as a primary reason for surgery.

Outcome measure

The primary outcome was the rate of provision of pri-

mary hip replacement for each CCG. For each annual 

quarter in each CCG, rates (expressed as per 100,000 

persons aged 40 +) of surgery were determined by 

aggregating the number of eligible primary hip replace-

ment procedures in the CCG locality (numerator) and 

using the aggregated ONS count of the population aged 

40 + years living in each of these CCG localities in 2019 

as the denominator [29].

The secondary outcome measures were the proportion 

of independently funded operations, the proportion of 

operations performed in patients with obesity (BMI 30 +) 

and the mean pre-operative Oxford Hip Score. For BMI 

and Oxford Hip Score calculations, only the individual 

records with a BMI record in the range of 12 to 60  kg/

m2 or a recorded Oxford Hip Score were retained respec-

tively. Further detail on BMI and PROMS data reported 

to the registry is given in the NJR annual report [26].

Intervention

The intervention was the date the CCG introduced a 

health optimisation policy on access to hip replacement 

surgery. We considered ≥ 18  months of data post-policy 

introduction as sufficient to give time for policy imple-

mentation and possible influence of existing waiting lists. 

CCGs were excluded where their policy start date was 

unknown, policies were stopped and restarted or where 

insufficient post-policy introduction data were available. 

Details of the policy for each CCG included in the analy-

ses are provided in Additional file 2.

Control

Each CCG that introduced a policy, acted as its own con-

trol, through a comparison of trends in rates of surgery in 

the time period before policy introduction and the time 

period after it was introduced. To account for potential 

external influencing factors, data from CCGs with no 

policy introduction over the time period of interest were 

included to control for secular changes in outcomes, 

using a difference-in-differences controlled interrupted 

time series study design [20]. This approach provides 

a test of the differential effects of the intervention time 

point between the intervention and control groups.

Effect modification variables

To explore the heterogeneity according to the type of 

CCG BMI policy, policies were categorised as 1 (mild—

patients receive advice only), 2 (moderate—patients are 

subject to additional waiting time before surgery) or 3 

(strict—patients must be below a BMI threshold to be eli-

gible for surgery).

Statistical analyses

We began by using interrupted time series analysis to 

examine the impact of policy introduction on trends in 

the quarterly rates of hip replacement surgery for each 

CCG that introduced a policy. Segmented linear regres-

sion models were used to estimate the trend before policy 

introduction, and how this trend changed after policy 

introduction, also allowing for an immediate step change 

at the date the policy was introduced [20]. The post-

intervention counterfactual was estimated as the contin-

uation of the pre-policy introduction period trend. Initial 

visual assessment of these graphs of quarterly rates dur-

ing the study period showed no ‘level change’ in the rates 

of operations evident after policy introduction. Instead, 

differences in the slope of rate changes post-policy intro-

duction were observed in intervention CCGs. This was 

considered the ‘effect size’. Random effects meta-analysis 

was used to pool the change in slope across CCG groups, 

stratifying according to whether the CCG policy was 

mild, moderate or strict.

Data on the rates of surgery for all intervention CCGs 

were then pooled, with the policy introduction date in 

each CCG being considered time ‘0’ for the sake of align-

ment. A single-segmented linear regression model was 

then fitted to obtain an overall national estimate of the 

impact of health optimisation policy introduction in 

England. To control for secular effects, non-policy con-

trol CCGs were randomly matched to policy CCGs and 

assigned their policy start date. Both policy and non-

policy CCG data were then pooled, and the difference 

between the rate of hip replacement surgery in interven-

tion and control CCG groups was calculated for each 

quarter. A controlled interrupted time series analysis 

was conducted using segmented linear regression of the 

differences between the groups [20], to compare the dif-

ferences in trends and estimate an overall national effect 

of intervention compared to control CCGs. The Newey-

West standard error model was used to address the auto-

correlation in the data detected with the Durbin-Watson 

test [30, 31].

Interrupted time series analyses were completed with 

the same methodology using the secondary outcome 
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measures of the proportion of independently funded 

operations, the proportion of operations performed in 

patients with obesity (BMI 30 +) and the mean pre-oper-

ative Oxford Hip Score.

Stratifications of the trends in surgery data for the time 

series analyses were also conducted by policy severity 

categories.

All statistical analyses were conducted using Stata/MP 

version 16.1. The analyses were developed and reported 

according to the RECORD extension [32] to STROBE 

guidelines for observational studies using routinely col-

lected data (Additional file 1: Table S1).

Patient and public involvement

The Patient Experience Partnership in Research (PEP-R) 

group is a regional facilitated group [33], most of whom 

have had joint replacement, that provides patient and 

public input into research. Through engagement with 

PEP-R in preparation for the proposal of this research, 

the group communicated the opinion that it is ‘vital to 

provide patients with evidence for the benefits of these 

policies if they are to be used’. Further engagement with 

the group during study design and analysis shaped the 

categorisation of policy severity. The group will also 

be engaged in planning the dissemination of the study 

results.

Results
Descriptive information and demographics

Of the 181 CCGs in continuous existence from 2013 to 

2019, 46 (25.4%) were excluded due to incomplete policy 

information or complex policy activity timelines (e.g. 

stops and starts to policy use). One hundred and  thirty 

CCGs were included in the analyses, of which 74 (56.9%) 

had no policy (control CCGs) and 56 (43.1%) had a policy 

(intervention CCGs). Of those with policies, 26 (46.4%) 

had mild (advice only) policies, 14 (25.0%) had moder-

ate (extra waiting time) policies and 16 (28.6%) had strict 

(mandatory BMI threshold) policies. Policy introduction 

dates ranged from mid-2013 to mid-2018. A descrip-

tive summary of the range and trend in policy position 

for CCGs is reported by McLaughlin et  al. [8]; there is 

heterogeneity in the BMI value applied in BMI thresh-

olds (range 25 to 45 kg/m2) and in the length of the extra 

waiting time enforced (range 3 to 12 months). Additional 

file 2: Table S2 details the CCGs included in the analysis, 

their policy types and start dates. Additional file 3: Fig. S1 

provides the data flowchart for the analysis.

Within these CCGs, a total of 480,364 patients aged 

40 + years had a primary hip replacement between Janu-

ary 2009 and December 2019 in England, with osteo-

arthritis as a primary reason for surgery. The mean 

age of patients was 68.9  years (SD 10.4), and 290,996 

(60.6%) were women. BMI was not recorded for 26.3% 

of patients. The mean BMI of patients with a BMI record 

was 28.6  kg/m2 (SD 5.23), 415,550 (86.5%) operations 

were publicly funded and 23,398 (4.9%) patients who 

received operations were from the 10% of most deprived 

areas.

The overall rates of surgery increased over time from 

41.6 per 100,000 population aged 40 + per quarter year in 

2009 to a peak of 72.6 in 2018, before declining to 59.5 in 

2019. This pattern was consistent across intervention and 

control CCG localities. There were approximately 11,000 

operations in each quarter in total (mean 10,775, range 

7889 to 13,581).

Baseline differences between the intervention and control 

CCG groups

Intervention group CCGs had higher mean rates (per 

100,000 aged 40 +) of surgery at the start of the time 

period (2009 quarter 2) than the control group CCGs: 

45.5 (SD 16.8) compared to 34.7 (SD 16.9). Table 1 shows 

the differences between the groups when ‘baseline’ is 

considered to be 18 months before the policy introduc-

tion date. In CCGs that went on to introduce policies, 

their patient cohorts were similarly obese to CCGs with-

out policies, but their cohorts were more affluent and 

had more independently funded operations. These dif-

ferences in characteristics of the CCGs were sustained 

over time; CCGs choosing to introduce a BMI policy had 

higher rates of hip replacement and operated on a lower 

proportion of patients from the most socio-economically 

deprived areas (quintile 1) at all points in calendar time 

(Additional file 4: Fig. S2).

Primary outcome in intervention CCGs: patterns in the rate 

of surgery following policy introduction

Interrupted time series analysis for individual CCGs 

in the intervention group (n = 56) showed heterogene-

ity in the effect of policy introduction on the rate of hip 

replacement operations. Where a change in trend was 

observed, it was consistent with the time point of policy 

introduction identified a priori. The immediate change 

in slope observed after policy introduction for each 

CCG was independent of differences in the date of pol-

icy introduction (e.g. the same effect was observed for a 

CCG introducing a policy in 2014, as for a CCG intro-

ducing the policy in 2018). The effect sizes ranged from 

a change in post-introduction from the pre-introduction 

trend in the rate of operations of − 1.85 to + 2.86. Seven of 

the 16 (43.8%) strict policy CCGs, eight of the 14 (57.1%) 

moderate policy CCGs and 11 of the 26 (42.3%) mild 

policy CCGs had a decrease in the rate of operations fol-

lowing policy introduction (effect size estimate < 0). Two 

CCGs (3.6%), one mild and one strict, had an increase in 
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the rate of operations (effect size estimate 95% C.I lower 

bound > 0).

In a meta-analysis (random effects), the overall effect 

size of policy introduction was − 0.00 (95% CI − 0.20 to 

0.20) operations per quarter per 100,000 patients aged 

40 + years. The effect size was associated with policy 

severity; in meta-analysis within policy categories, the 

effect size was − 0.17 (95% CI − 0.57 to 0.23), − 0.07 (95% 

CI − 0.48 to 0.33) and 0.17 (95% CI − 0.12 to 0.46) opera-

tions per quarter per 100,000 patients aged 40 + years in 

strict, moderate and mild policies, respectively (Addi-

tional file 5: Fig. S3).

Comparison of outcomes in control and intervention CCGs

The interrupted time series analyses of the rate of hip 

replacement operations per 100,000 population aged 

40 + , per quarter for pooled data by level of severity of 

body mass index policy are presented in Fig.  1. It illus-

trates the trend in operation rates pre- and post-policy 

introduction for the control and intervention CCGs, 

including by stratification of policy severity.

From the point of policy introduction, control group 

CCGs had no overall directional change in their trend; 

the rate of surgery continued to increase over time. There 

was an association with an increase in the upward trend 

in the post-policy introduction period (p = 0.007).

In contrast, for the intervention CCGs, there was a 

downward trend in the rate of surgery over time. This 

accelerated at the point of policy introduction and was 

then sustained over time resulting in the mean rate of 

surgery becoming lower for intervention CCGs than 

for control CCGs. The most pronounced change was 

observed in the group of CCGs with the strictest BMI 

policy.

Table 1 Operation rate and patient characteristics of intervention and control CCGs pre- and post-policy introduction

a American Society of Anesthesiologists

Operation and patient characteristics Control CCGs (no policy introduced during the 
study period)

Intervention CCGs (policy introduced during 
the study period)

Baseline 
18 months 
pre

18 months post 3 years post Baseline 
18 months 
pre

18 months post 3 years post

N = 74 N = 74 N = 37 N = 56 N = 56 N = 30

Hip replacement operations rate per 100,000 
population aged 40 + years per quarter (mean)

57.6 54.1 55.4 62.2 65.7 62.9

Age (mean) 68.4 68.1 68.3 68.8 68.6 69.1

Gender (% male) 40.3% 42.5% 40.6% 39.0% 39.8% 37.7%

BMI missing (%) 33.9% 37.0% 36.0% 26.4% 25.1% 28.7%

BMI (mean kg/m2) 28.6 28.4 28.9 28.3 28.6 28.3

Underweight: BMI below 18 kg/m2 (%) 0.3% 0.7% 0.4% 0.3% 0.7% 0.7%

Healthy weight: BMI 18 to 24.9 kg/m2 (%) 21.5% 22.7% 20.1% 23.6% 22.2% 24.9%

Overweight: BMI 25 to 29.9 kg/m2 (%) 38.9% 40.7% 38.9% 39.9% 38.0% 34.4%

Obese category 1: BMI 30 to 34.9 kg/m2 (%) 26.3% 22.9% 25.7% 24.1% 26.4% 27.5%

Obese category 2: BMI 35 to 39.9 kg/m2 (%) 9.7% 9.7% 10.3% 9.3% 8.9% 9.7%

Obese category 3: BMI 40 + kg/m2 (%) 0.03 3.3% 4.6% 2.9% 3.8% 2.7%

Independently funded surgery (%) 12.2% 11.8% 10.1% 15.5% 15.6% 16.8%

ASAa grade (mean) 2.06 2.05 2.06 2.04 2.04 2.03

1—normal health (%) 12.9% 12.8% 12.5% 13.1% 12.6% 13.6%

2 (%) 68.4% 70.2% 69.9% 70.2% 70.8% 69.9%

3, 4 or 5—poorest health (%) 18.7% 17.0% 17.6% 16.6% 16.6% 16.5%

Index of multiple deprivation (mean score) 16,672 16,492 16,388 19,001 19,215 20,317

Most deprived 20% (quintile 1) 17.3% 17.4% 18.9% 11.7% 10.2% 7.2%

More deprived 20–40% 22.2% 21.8% 21.1% 15.9% 15.8% 15.4%

Mid 20% deprived 19.2% 21.3% 19.0% 21.3% 22.7% 21.3%

Less deprived 20–40% 22.3% 21.4% 23.5% 25.2% 24.3% 24.1%

Least deprived 20% (quintile 5) 18.9% 18.1% 17.5% 25.9% 26.9% 32.0%

Pre-op Oxford Hip Score (mean) 16.9 17.6 17.6 18.1 18.5 18.4

Post-op Oxford Hip Score (mean) 38.4 38.8 38.1 39.6 39.5 39.4

Difference in pre to post-op score (mean) 21.5 21.3 20.6 21.5 21.0 21.0
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Table  2 presents the interrupted time series seg-

mented linear regression model outputs for the control 

and policy categories of intervention CCGs. The larg-

est change in trend from the pre- to post-policy intro-

duction period was for the strict policy CCGs: trend 

change − 1.39 per quarter, 95% confidence interval 

(CI) − 1.81 to − 0.97, P < 0.001. There was no equivalent 

post-policy introduction change evident in the mild 

and moderate policy CCG groups. When the strict pol-

icy group was compared to the control group in differ-

ence-in-differences analysis, the difference in operation 

rates between the groups widens consistently over time; 

by − 2.43 (95% CI − 2.86 to − 2.01, P < 0.001) operations 

Fig. 1 Interrupted time series analyses of hip replacement rates by body mass index policy severity. Rate of hip replacement operations per 
100,000 population aged 40 + , per quarter by the level of severity of body mass index policy; none (n = 74), mild (n = 26), moderate (n = 14) and 
strict (n = 16)
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Table 2 Segmented linear regression and difference-in-difference analyses before and after policy introduction

Pre-policy
introduction period

Post-policy
introduction period

Outcome Quarterly trend 95% CI Quarterly trend 95% CI Change in quarterly 
trend compared to pre-
intervention

95% CI

Rate of hip replacement surgery in 100,000 
population aged 40 + years

Control 0.07 − 0.01 0.14 0.40 0.16 0.63 0.32 0.09 0.56

Mild  − 0.16  − 0.30  − 0.02  − 0.29  − 0.50  − 0.09  − 0.14  − 0.37 0.10

Moderate  − 0.02  − 0.17 0.13  − 0.26  − 0.75 0.24  − 0.23  − 0.74 0.27

Strict  − 0.41  − 0.54  − 0.27  − 1.80  − 2.22  − 1.34  − 1.39  − 1.81  − 0.97

Difference in differences; 
strict rate minus control 
rate

 − 0.48  − 0.60  − 0.37  − 2.91  − 3.67  − 2.15  − 2.43  − 3.17  − 1.69
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per 100,000 aged 40 + per quarter in the post-policy 

introduction period (Table 2).

Changes in patient characteristics after policy introduction

Changes in patient characteristics were associated with 

policy introduction in intervention CCGs compared to 

control CCGs, indicating a differential impact of policies 

on different patient groups. Table 1 presents the patient 

characteristics in the CCGs at baseline, at 18  months 

post-policy introduction and at 3 years post-policy intro-

duction. Patients in intervention CCGs were more likely 

to be less deprived, independently (privately) funded and 

healthy weight at baseline, and these differences were 

maintained into the post-introduction period. The ‘pol-

icy introduction date’ for control CCGs was the date of 

policy introduction from a randomly paired intervention 

CCG.

Figure  2 presents the interrupted time series analysis 

of the proportion of independently funded operations 

performed between the control and strict policy groups. 

While the strict policy group showed an upward trend 

in the proportion of independently funded surgery even 

in the pre-policy introduction period, the point of policy 

introduction was associated with a stronger, sustained 

upturn in the proportion. For illustration, at 3 years post-

policy introduction, the proportion of independently 

funded surgery in the strict policy group is over double 

that of the control group (21.0% (SD 7.4%) and 10.1% (SD 

9.5%), respectively).

Figure  3 presents the interrupted time series analysis 

for the proportion of operations performed in patients 

with obesity (BMI 30 + kg/m2). The proportion in the 

control group remained at approximately 26%, whereas 

the proportion in the intervention CCGs was higher in 

the pre-policy period but followed a downward trend 

into the post-policy introduction period. When the 

intervention group CCG analyses are stratified by policy 

severity, the reduction in the intervention group is shown 

to be driven by reductions in the mild and strict policy 

types. In contrast, following policy introduction in the 

moderate (extra waiting time) policy group, there is an 

association with an increase in trend in this proportion.

Figure  4 presents the interrupted time series analysis 

for the mean Oxford Hip Score measured pre-operatively 

in operations performed. The mean score in the control 

group remained at approximately 17, whereas the mean 

score in the intervention CCGs was already higher (indi-

cating less severe symptoms) in the pre-policy period and 

Fig. 2 Interrupted time series of proportion of independently funded hip replacement operations. Pooled data for strict policy CCGs (n = 16) and 
control CCGs (n = 74)
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showed an upturn in the trend in the post-policy intro-

duction period. When the intervention group CCG anal-

yses are stratified by policy severity, the increasing trend 

in the intervention group is shown to be driven by reduc-

tions in the mild and strict policy types. In contrast, fol-

lowing policy introduction in the moderate (extra waiting 

time) policy group, there is a decrease in the trend of the 

mean score.

Discussion
The introduction of strict policies requiring patients with 

obesity to engage with weight loss to access hip replace-

ment surgery was associated with a reduction in the 

rate of surgery that was sustained over time. Changes 

in the rate of surgery were less pronounced for mild or 

moderate BMI policies and opposite to that seen in con-

trol CCGs with no policy. This study used observational 

data to examine the changes in surgery rates and patient 

characteristics; however, the pooling of data from 130 

CCGs, including control CCGs, and the variation in the 

dates of policy introduction make this a robust natural 

experiment [23].

Clinical commissioning groups which introduced BMI 

policies had higher rates of surgery and more affluent 

populations at baseline compared to those which did not, 

and it is possible that these factors may have been driv-

ers for policy introduction. Strict policy introduction was 

associated with an increase in the proportion of indepen-

dently funded surgery and the proportion of more afflu-

ent patients receiving surgery. These findings raise the 

Fig. 3 Interrupted time series of proportion of operations where the patient had obesity (BMI 30 + kg/m2). Pooled data for (left) intervention CCGs 
(n = 56) and control CCGs (n = 74) and (right) stratified by policy severity

Fig. 4 Interrupted time series of mean preop Oxford Hip Score (lower score = worse symptoms). Pooled data for (left) all intervention CCGs (n = 56) 
and control CCGs (n = 74) and (right) stratified by policy severity
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concern that the use of BMI policies for hip replacement 

surgery risks widening health inequalities by increasing 

the link between access to surgery and socioeconomic 

circumstance, in line with our previous findings regard-

ing knee replacement surgery [19].

The interpretation of a reduction in the rate of sur-

gery may be positive or negative in nature. BMI policies 

may have reduced the need for surgery for some patients 

where successful weight loss provided significant relief 

of their hip symptoms. However, considering that litera-

ture reports low rates of success with weight loss efforts 

and maintenance (an average of 3% weight loss in adults 

adhering to lifestyle weight loss programmes and weight 

regain common at one year [34–36]) and a recommenda-

tion for at least a 10% reduction in body weight for osteo-

arthritis patients with obesity to gain meaningful relief 

in their arthritis outcomes [37], this number is likely to 

be small. An alternative, less positive explanation for the 

reduction in the rate of surgery would be that the BMI 

policies prevent access to surgery by some patients who 

would have received benefits to their quality of life from 

hip replacement but were unable to lose sufficient weight. 

This explanation is supported by literature from the USA 

reporting that very few patients denied joint replacement 

due to their obesity manage to lose sufficient weight to 

qualify for surgery [38].

There is some evidence from this study that BMI poli-

cies that impose extra waiting time on patients are coun-

terproductive in certain key measures; patterns in the 

post-policy introduction period suggest that this type of 

policy introduction was associated with worsening symp-

toms (pre-operative Oxford Hip Score) and increasing 

obesity in the surgical patient population. Existing lit-

erature shows evidence that waiting longer for elective 

surgery gives worse outcomes and loss of quality of life 

[39]. The proportion of patients with obesity was seen to 

decrease in the mild and strict policy categories, though 

it is noted that this was a pre-existing trend.

The rise in surgery rates in the control CCG groups 

over time is consistent with expectations of a greater 

need for surgery in an ageing and increasingly obese pop-

ulation in England [5]. The introduction of a moderate or 

strict policy in one CCG may also result in the referral of 

affected patients to neighbouring CCGs with less severe 

policies, raising pressure on their service provision. This 

may account for some of the rise seen in the control 

group. The number of patients on existing waiting lists 

before policy implementation may influence the timing of 

policy impact, but this association could not be analysed 

in this study. We are undertaking an associated qualita-

tive study with key professional informants to provide 

explanatory background on the intended and observed 

effects of BMI policies for joint replacement [40].

The use of the National Joint Registry is a strength of 

this study as it captures 96% of all hip replacement pro-

cedures including those that are independently funded 

[41], and for this study, the IMD 2015 was linked to all 

patients. BMI and patient-reported outcome meas-

ure data are less complete in the registry—missing for 

approximately 25% and 66% of records, respectively. 

Some surgery eligibility policies included restrictions on 

patients who smoke. As the NJR does not collect data on 

smoking status, no analysis was possible on this. Analysis 

of changes in the rates of surgery gives important insight 

into the impact of BMI policy introduction, but further 

research is needed to determine the mechanism of effect 

and the impact on the quality of life of patients who did 

not receive a surgical referral.

This study strengthens the evidence for the assertion 

in the newly updated National Institute for Health and 

Care Excellence guidelines for Osteoarthritis [42] which 

state that BMI should not be used to deny patients access 

to hip replacement surgery, particularly as ‘osteoarthri-

tis is more common in people in lower socio-economic 

groups. Obesity is also more common in people in lower 

socio-economic groups and access to surgery on the 

basis of BMI has been raised by stakeholder groups as an 

important equality issue’ [43].

NHS commissioning has now moved from CCGs to 

Integrated Care Boards in England, and it remains to be 

seen what action they will take where they have inherited 

strict policies from their former CCGs. Our associated 

study on knee replacement surgery [19] reflects similar 

findings and concerns in this patient group, and other 

elective surgery pathways should be examined for BMI 

policy use.

Conclusions
It is our recommendation that BMI policies involving 

extra waiting time or mandatory BMI thresholds are no 

longer used to reduce access to hip replacement surgery. 

Commissioners and policymakers should note the coun-

terproductive effects of policies that deliberately delay 

access to surgery and the widening of health inequalities, 

since the ability to pursue independently funded surgery 

ranges with patients’ affluence.

Abbreviations

ASA  American Society of Anesthesiologists
BMI  Body mass index
CCG   Clinical commissioning group
CI  Confidence interval
IMD  Index of multiple deprivation
LSOA  Lower Layer Super Output Areas
NHS  National Health Service
NJR  National Joint Registry for England, Wales, Northern Ireland and 

the Isle of Man
OECD  Organization for Economic Cooperation and Development



Page 11 of 13McLaughlin et al. BMC Medicine          (2023) 21:202  

PEP-R  Patient Experience Partnership in Research
PROMS  Patient-reported outcome measures
SD  Standard deviation

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12916- 023- 02899-3.

Additional file 1: Table S1. The RECORD statement – checklist of items, 
extended from the STROBE statement, that should be reported in obser-
vational studies using routinely collected health data. 

Additional file 2: Table S2. Details of clinical commissioning group poli-
cies on weight loss and body mass index thresholds for hip replacement 
surgery for CCGs in existence from Jan 2013 to Dec 2019. Policies started 
less than 18 months prior to Dec 2019 are not included.

Additional file 3: Fig. S1. Flowchart of data included in the analysis.

Additional file 4: Fig. S2. Changes incalendar time of rate of hip replace-
ment operations per 100,000 population aged 40+, per quarter andof pro-
portion of patients from the most socio-economically deprived areasfrom 
pooled data for all intervention CCGsand control CCGs.

Additional file 5:  Fig. S3. Forest plot of policy introduction effect size by 
policy categoryand with overall meta-analysis result for the intervention 
CCGs.

Acknowledgements

We thank the patients and staff of all the hospitals in England, Wales and 
Northern Ireland who have contributed data to the National Joint Registry 
(NJR). We are grateful to the Healthcare Quality Improvement Partnership 
(HQIP), the NJR Research Committee and the staff at the NJR Centre for facili-
tating this work. The authors have conformed to the NJR’s standard protocol 
for data access and publication. The views expressed represent those of the 
authors and do not necessarily reflect those of the National Joint Registry 
Steering Committee or HQIP who do not vouch for how the information is 
presented.
HQIP and the NJR take no responsibility for the accuracy, currency, reliability 
and correctness of any data used or referred to in this report nor for the 
accuracy, currency, reliability and correctness of links or references to other 
information sources and disclaim all warranties in relation to such data, links 
and references to the maximum extent permitted by legislation. HQIP and 
NJR shall have no liability (including but not limited to liability by reason of 
negligence) for any loss, damage, cost or expense incurred or arising by rea-
son of any person using or relying on the data within this report and whether 
caused by reason of any error, omission or misrepresentation in the report or 
otherwise. This report is not to be taken as advice. Third parties using or rely-
ing on the data in this report do so at their own risk and will be responsible for 
making their own assessment and should verify all relevant representations, 
statements and information with their own professional advisers.

Authors’ contributions

The authors read and approved the final manuscript. JM: conceptualisation, 
data curation, formal analysis, funding acquisition, investigation, project 
administration, writing—original draft and writing—review and editing. RK, 
AO and HM: supervision and writing—review and editing. SH: methodology 
and writing—review and editing. JW: conceptualisation, methodology and 
Writing—review and editing. AJ: conceptualisation, formal analysis, funding 
acquisition, methodology, supervision, writing—original draft, and writing—
review and editing. All authors had full access to all statistical reports and 
tables in the study. JM had full access to all of the study data and takes respon-
sibility for the integrity of the data and the accuracy of the data analysis. JM 
wrote the first draft. All authors contributed to the interpretation of the results 
and critical revision of the manuscript and approved the final manuscript. 
The corresponding author attests that all listed authors meet the authorship 
criteria and that no others meeting the criteria have been omitted.

Funding

This study is funded by the National Institute for Health and Care Research 
(NIHR). JM holds an NIHR Doctoral Research Fellowship (NIHR 301469).

AJ was supported by the NIHR Biomedical Research Centre at University Hos-
pitals Bristol and Weston NHS Foundation Trust and the University of Bristol. 
HM was supported by the NIHR ARC West at University Hospitals Bristol and 
Weston NHS Foundation Trust.
The views expressed in this publication are those of the authors and not nec-
essarily those of the NHS, the National Institute for Health and Care Research 
or the Department of Health and Social Care.

Availability of data and materials

Access to data is available from the National Joint Registry for England and 
Wales, Northern Ireland and the Isle of Man, but restrictions apply to the 
availability of these data, which were used under licence for the current study, 
and so are not publicly available. Data access applications can be made to the 
National Joint Registry Research Committee. Additional file 2: Table S2 con-
tains the data regarding CCG policy introduction dates and levels of severity.

Declarations

Ethics approval and consent to participate

With support under Sect. 251 of the NHS Act 2006, the Ethics and Confiden-
tiality Committee (ECC) (now the Health Research Authority Confidentiality 
Advisory Group) allows the NJR to collect patient data where consent is indi-
cated as ‘not recorded’. Before Personal Data and Sensitive Personal Data are 
recorded, express written patient consent is provided. The NJR records patient 
consent as either ‘yes’, ‘no’ or ‘not recorded’.
Transparency declaration: AJ is the manuscript’s guarantor and affirms that 
this manuscript is an honest, accurate and transparent account of the study 
being reported; that no important aspects of the study have been omitted; 
and that any discrepancies from the study as planned (and, if relevant, regis-
tered) have been explained.
Copyright/licence for publication: The corresponding author has the right 
to grant on behalf of all authors and does grant on behalf of all authors a 
worldwide licence to the publishers and its licensees in perpetuity, in all forms, 
formats and media (whether known now or created in the future) to (i) pub-
lish, reproduce, distribute, display and store the contribution; (ii) translate the 
contribution into other languages, create adaptations and reprints, include 
within collections and create summaries, extracts and/or, abstracts of the 
contribution; (iii) create any other derivative work(s) based on the contribu-
tion; (iv) to exploit all subsidiary rights in the contribution; (v) the inclusion of 
electronic links from the contribution to third party material wherever it may 
be located; and (vi) licence any third party to do any or all of the above.

Consent for publication

Not applicable.

Competing interests

All authors have completed the Unified Competing Interest form at www. 
icmje. org/ coi_ discl osure. pdf and declare the following: AJ has received con-
sultancy fees from Freshfields Bruckhaus Deringer and has held advisory board 
positions (which involved receipt of fees) from Anthera Pharmaceuticals, Inc., 
outside the submitted work; no other relationships or activities that could 
appear to have influenced the submitted work.

Author details
1 Musculoskeletal Research Unit, Translational Health Sciences, Bristol Medi-
cal School, University of Bristol, Learning and Research Building, Level 1, 
Southmead Hospital, Bristol BS10 5NB, UK. 2 Population Health Sciences, Bristol 
Medical School, University of Bristol, Bristol BS8 2PS, UK. 3 National Institute 
for Health and Care Research Applied Research Collaboration West (NIHR ARC 
West), University Hospitals Bristol NHS Foundation Trust, Bristol BS1 2NT, UK. 
4 Department of Oncology and Metabolism, The Mellanby Centre for Mus-
culoskeletal Research, University of Sheffield, Metabolic Bone Unit, Sorby 
Wing, Northern General Hospital, Sheffield, UK. 5 National Institute for Health 
and Care Research Bristol Biomedical Research Centre, University Hospitals 
Bristol and Weston NHS Foundation Trust and University of Bristol, Bristol, UK. 
6 Nuffield Department of Orthopaedics, Rheumatology and Musculoskeletal 
Sciences (NDORMS), University of Oxford, Oxford, UK. 

Received: 24 April 2023   Accepted: 10 May 2023

https://doi.org/10.1186/s12916-023-02899-3
https://doi.org/10.1186/s12916-023-02899-3
http://www.icmje.org/coi_disclosure.pdf
http://www.icmje.org/coi_disclosure.pdf


Page 12 of 13McLaughlin et al. BMC Medicine          (2023) 21:202 

References

 1. Ferguson RJ, Palmer AJ, Taylor A, Porter ML, Malchau H, Glyn-Jones S. Hip 
replacement. Lancet. 2018;392:1662–71.

 2. OECD Hip and Knee Replacement Health Statistics 2021. Online library of 
the Organisation for Economic Cooperation and Development (OECD). 
2023. https:// www. oecd- ilibr ary. org/ sites/ 8b492 d7a- en/ index. html? itemI 
d=/ conte nt/ compo nent/ 8b492 d7a- en#. Accessed 19 Apr 2023.

 3. Culliford DJ, Maskell J, Kiran A, Judge A, Javaid MK, Cooper C, et al. The 
lifetime risk of total hip and knee arthroplasty: results from the UK gen-
eral practice research database. Osteoarthritis Cartilage. 2012;20:519–24.

 4. Brittain R, Howard P, Lawrence S, Stonadge J, Wilkinson M, Wilton T, et al. 
NJR statistical analysis, support and associated services National Joint 
Registry | 19th Annual Report. Available from: https:// repor ts. njrce ntre. 
org. uk/ downl oads.

 5. Culliford D, Maskell J, Judge A, Cooper C, Prieto-Alhambra D, Arden NK. 
Future projections of total hip and knee arthroplasty in the UK: results 
from the UK clinical practice research datalink. Osteoarthritis Cartilage. 
2015;23:594–600.

 6. Oxtoby K. Covid-19: “Life on hold” for NHS patients needing musculoskel-
etal care. BMJ. 2021;373:n1616.

 7. Moorhouse A, Giddins G. National variation between clinical commission-
ing groups in referral criteria for primary total hip replacement surgery. 
The Annals of The Royal College of Surgeons of England. 2018;100:443–5.

 8. McLaughlin J, Elsey J, Kipping R, Owen-Smith A, Judge A, McLeod H. 
Access to hip and knee arthroplasty in England: commissioners’ policies 
for body mass index and smoking status and implications for integrated 
care systems. BMC Health Serv Res. 2023;23:77.

 9. Warner DO. Surgery as a teachable moment. Arch Surg. 2009;144:1106.
 10. Durrand J, Singh SJ, Danjoux G. Prehabilitation Clinical Medicine Journal. 

2019;19:458–64.
 11. Pillutla V, Maslen H, Savulescu J. Rationing elective surgery for smok-

ers and obese patients: responsibility or prognosis? BMC Med Ethics. 
2018;19:28.

 12. Association of British HealthTech Industries (ABHI). Hip and knee replace-
ment: the hidden barriers. 2017. Available from: https:// www. abhi. org. uk/ 
media/ 1379/ hip- and- knee- repla cement- the- hidden- barri ers. pdf.

 13. Royal College of Surgeons of England. Smokers and Overweight Patients: 
Soft targets for NHS savings? 2016. Available from: https:// www. rcseng. ac. 
uk/ libra ry- and- publi catio ns/ rcs- publi catio ns/ docs/ smoke rs- soft- targe ts/.

 14. Royal College of Surgeons of England. Rationing of Surgery. RCS briefing 
paper on rationing. 2017. Available from: https:// www. rcseng. ac. uk/-/ 
media/ files/ rcs/ about- rcs/ gover nment- relat ions- consu ltati on/ rcs- brief 
ing- paper- on- ratio ning. pdf.

 15. McLaughlin J, Elsey J, McLeod H. Inequitable access to hip and knee 
arthroplasty in England: commissioners’ policies for weight and smoking 
status and implications for integrated care systems. under submission. 
2022.

 16. Tew GA, Bedford R, Carr E, Durrand JW, Gray J, Hackett R, et al. Commu-
nity-based prehabilitation before elective major surgery: the PREP-WELL 
quality improvement project. BMJ Open Qual. 2020;9:e000898.

 17. Hall M, Spiers L, Knox G, Hinman RS, Sumithran P, Bennell KL. Feasibility 
of exercise and weight management for people with hip osteoarthritis 
and overweight or obesity: a pilot study. Osteoarthr Cartil Open. 2021;3: 
100174.

 18. Lawford BJ, Bennell KL, Jones SE, Keating C, Brown C, Hinman RS. “It’s 
the single best thing I’ve done in the last 10 years”: a qualitative study 
exploring patient and dietitian experiences with, and perceptions of, a 
multi-component dietary weight loss program for knee osteoarthritis. 
Osteoarthritis Cartilage. 2021;29:507–17.

 19. McLaughlin J, Kipping R, Owen-Smith A, McLeod H, Hawley S, Wilkinson 
JM, et al. What effect have NHS commissioners’ policies for body mass 
index had on access to knee replacement surgery in England?: an inter-
rupted time series analysis from the National Joint Registry. PLoS One. 
2022;17(6):e0270274.

 20. Bernal JL, Cummins S, Gasparrini A. Interrupted time series regression for 
the evaluation of public health interventions: a tutorial. Int J Epidemiol. 
2017;46:348–55.

 21. Craig P, Cooper C, Gunnell D, Haw S, Lawson K, Macintyre S, et al. Using 
natural experiments to evaluate population health interventions: new 
medical research council guidance. J Epidemiol Community Health. 
1978;2012(66):1182–6.

 22. Kontopantelis E, Doran T, Springate DA, Buchan I, Reeves D. Regression 
based quasi-experimental approach when randomisation is not an 
option: interrupted time series analysis. BMJ. 2015;350:h2750.

 23. Craig P, Campbell M, Bauman A, Deidda M, Dundas R, Fitzgerald N, et al. 
Making better use of natural experimental evaluation in population 
health. BMJ. 2022;379: e070872.

 24. NHS. What are integrated care systems? 2021; 28.9.21. https:// www. engla 
nd. nhs. uk/ integ rated care/ what- is- integ rated- care/.

 25. Department for Communities and Local Government. English indices 
of deprivation 2019 - LSOA Level. 2019. https:// opend ataco mmuni ties. 
org/ resou rce? uri= http% 3A% 2F% 2Fope ndata commu nities. org% 2Fdata% 
2Fsoc ietal- wellb eing% 2Fimd 2019% 2Find ices. Accessed 3 Mar 2022.

 26. National Joint Registry for England Northern Ireland and Isle of Man W. 
NJR 16th Annual Report 2019. National Joint Registry; 2019. Available 
from: https:// repor ts. njrce ntre. org. uk/ downl oads.

 27. Office for National Statistics. Lower Layer Super Output Areas December 
2011 names and codes in England and Wales. 2018. https:// data. gov. uk/ 
datas et/ c4644 a20- 16e0- 447b- be05- 7a23e 8d151 7d/ lower- layer- super- 
output- areas- decem ber- 2011- names- and- codes- in- engla nd- and- wales. 
Accessed 18 Mar 2022.

 28. Murray DW, Fitzpatrick R, Rogers K, et al. The use of the Oxford hip and 
knee scores. J Bone Joint Surg Br. 2007;89:1010–4.

 29. Office for National Statistics. Population estimates by output areas, 
electoral, health and other geographies, England and Wales mid-2019. 
2020. [cited 2022 Feb 2]. Available from: https:// www. ons. gov. uk/ peopl 
epopu latio nandc ommun ity/ popul ation andmi grati on/ popul ation estim 
ates/ bulle tins/ annua lsmal larea popul ation estim ates/ mid20 19.

 30. Newey WK, West KD. A simple, positive semi-definite, heteroskedastic-
ity and autocorrelation consistent covariance matrix. Econometrica. 
1987;55:703–8.

 31. Durbin J. Testing for serial correlation in least-squares regressions when 
some of the regressors are lagged dependent variables. Econometrica. 
1970;38:410–21.

 32. Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Peteresen I, 
et al. The REporting of studies Conducted using Observational Routinely-
collected health Data (RECORD) Statement. PLoS Med. 2015;12(10).

 33. Gooberman-Hill R, Burston A, Clark E, Johnson E, Nolan S, Wells V, et al. 
Involving patients in research: considering good practice. Musculoskel-
etal Care. 2013;11:187–90.

 34. National Institute for Health and Care Excellence. NICE Guidance ph53: 
Weight management: lifestyle services for overweight or obese adults. 
2014 [cited 2022 Nov 2]. Available from: https:// www. nice. org. uk/ guida 
nce/ ph53.

 35. Twells LK, Harris Walsh K, Blackmore A, Adey T, Donnan J, Peddle J, et al. 
Nonsurgical weight loss interventions: a systematic review of systematic 
reviews and meta-analyses. Obesity Reviews. 2021;22(11).

 36. Barte JCM, ter Bogt NCW, Bogers RP, Teixeira PJ, Blissmer B, Mori TA, et al. 
Maintenance of weight loss after lifestyle interventions for overweight 
and obesity, a systematic review. Obes Rev. 2010;11:899–906.

 37. National Institute for Health and Care Excellence. Evidence review 
for NICE guideline [NG226] P: outcomes of joint replacement surgery 
dependent on body mass index. 2022 [cited 2022 Nov 2]. Available from: 
https:// www. nice. org. uk/ guida nce/ ng226/ evide nce/p- outco mes- of- 
joint- repla cemen tsurg ery- depen dent- on- body- mass- index- pdf- 40501 
63024 29.

 38. Wilson CD, Lundquist KF, Baruch NH, Gaddipati R, Hammonds KAP, Allen 
BC. Clinical pathways of patients denied total knee arthroplasty due to an 
institutional BMI cutoff. Journal of Knee Surgery. 2021. https:// doi. org/ 10. 
1055/s- 0041- 17239 69.

 39. The Health Foundation. Waiting for care. 2021 Aug [cited 2022 Nov 2]. 
Available from: https:// www. health. org. uk/ publi catio ns/ longr eads/ waiti 
ng- for- care.

 40. McLaughlin J. Investigating the effectiveness of pre-surgical health 
optimisation public health interventions for obesity and smoking in elec-
tive hip and knee replacement surgery from health service and patient 
perspectives. 2021. Available from: https:// fundi ngawa rds. nihr. ac. uk/ 
award/ NIHR3 01469.

 41. Brittain R, Howard P, Lawrence S, Stonadge J, Wilkinson M, Wilton T, et al. 
NJR statistical analysis, support and associated services. Available from: 
https:// repor ts. njrce ntre. org. uk/ downl oads.

https://www.oecd-ilibrary.org/sites/8b492d7a-en/index.html?itemId=/content/component/8b492d7a-en#
https://www.oecd-ilibrary.org/sites/8b492d7a-en/index.html?itemId=/content/component/8b492d7a-en#
https://reports.njrcentre.org.uk/downloads
https://reports.njrcentre.org.uk/downloads
https://www.abhi.org.uk/media/1379/hip-and-knee-replacement-the-hidden-barriers.pdf
https://www.abhi.org.uk/media/1379/hip-and-knee-replacement-the-hidden-barriers.pdf
https://www.rcseng.ac.uk/library-and-publications/rcs-publications/docs/smokers-soft-targets/
https://www.rcseng.ac.uk/library-and-publications/rcs-publications/docs/smokers-soft-targets/
https://www.rcseng.ac.uk/-/media/files/rcs/about-rcs/government-relations-consultation/rcs-briefing-paper-on-rationing.pdf
https://www.rcseng.ac.uk/-/media/files/rcs/about-rcs/government-relations-consultation/rcs-briefing-paper-on-rationing.pdf
https://www.rcseng.ac.uk/-/media/files/rcs/about-rcs/government-relations-consultation/rcs-briefing-paper-on-rationing.pdf
https://www.england.nhs.uk/integratedcare/what-is-integrated-care/
https://www.england.nhs.uk/integratedcare/what-is-integrated-care/
https://opendatacommunities.org/resource?uri=http%3A%2F%2Fopendatacommunities.org%2Fdata%2Fsocietal-wellbeing%2Fimd2019%2Findices
https://opendatacommunities.org/resource?uri=http%3A%2F%2Fopendatacommunities.org%2Fdata%2Fsocietal-wellbeing%2Fimd2019%2Findices
https://opendatacommunities.org/resource?uri=http%3A%2F%2Fopendatacommunities.org%2Fdata%2Fsocietal-wellbeing%2Fimd2019%2Findices
https://reports.njrcentre.org.uk/downloads
https://data.gov.uk/dataset/c4644a20-16e0-447b-be05-7a23e8d1517d/lower-layer-super-output-areas-december-2011-names-and-codes-in-england-and-wales
https://data.gov.uk/dataset/c4644a20-16e0-447b-be05-7a23e8d1517d/lower-layer-super-output-areas-december-2011-names-and-codes-in-england-and-wales
https://data.gov.uk/dataset/c4644a20-16e0-447b-be05-7a23e8d1517d/lower-layer-super-output-areas-december-2011-names-and-codes-in-england-and-wales
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/bulletins/annualsmallareapopulationestimates/mid2019
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/bulletins/annualsmallareapopulationestimates/mid2019
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/bulletins/annualsmallareapopulationestimates/mid2019
https://www.nice.org.uk/guidance/ph53
https://www.nice.org.uk/guidance/ph53
https://www.nice.org.uk/guidance/ng226/evidence/p-outcomes-of-joint-replacementsurgery-dependent-on-body-mass-index-pdf-405016302429
https://www.nice.org.uk/guidance/ng226/evidence/p-outcomes-of-joint-replacementsurgery-dependent-on-body-mass-index-pdf-405016302429
https://www.nice.org.uk/guidance/ng226/evidence/p-outcomes-of-joint-replacementsurgery-dependent-on-body-mass-index-pdf-405016302429
https://doi.org/10.1055/s-0041-1723969
https://doi.org/10.1055/s-0041-1723969
https://www.health.org.uk/publications/longreads/waiting-for-care
https://www.health.org.uk/publications/longreads/waiting-for-care
https://fundingawards.nihr.ac.uk/award/NIHR301469
https://fundingawards.nihr.ac.uk/award/NIHR301469
https://reports.njrcentre.org.uk/downloads


Page 13 of 13McLaughlin et al. BMC Medicine          (2023) 21:202  

•

 

fast, convenient online submission

 
•

  

thorough peer review by experienced researchers in your field

• 

 

rapid publication on acceptance

• 

 

support for research data, including large and complex data types

•

  

gold Open Access which fosters wider collaboration and increased citations 

 

maximum visibility for your research: over 100M website views per year •

  
At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research   ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 42. National Institute for Health and Care Excellence. Osteoarthritis in over 
16s: diagnosis and management NICE guideline. 2022. Available from: 
https:// www. nice. org. uk/ guida nce/ ng226.

 43. National Institute for Health and Care Excellence. Evidence review for 
NICE guideline [NG226] O: indicators for referral for possible joint replace-
ment surgery. 2022. Available from: https:// www. nice. org. uk/ guida nce/ 
ng226/ evide nce/o- indic ators- for- refer ral- for- possi ble- joint repla cement- 
surge ry- pdf- 40501 63024 28.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.nice.org.uk/guidance/ng226
https://www.nice.org.uk/guidance/ng226/evidence/o-indicators-for-referral-for-possible-jointreplacement-surgery-pdf-405016302428
https://www.nice.org.uk/guidance/ng226/evidence/o-indicators-for-referral-for-possible-jointreplacement-surgery-pdf-405016302428
https://www.nice.org.uk/guidance/ng226/evidence/o-indicators-for-referral-for-possible-jointreplacement-surgery-pdf-405016302428

	What effect have commissioners’ policies for body mass index had on hip replacement surgery?: an interrupted time series analysis from the National Joint Registry for England
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design
	Data source
	Participants and inclusion criteria
	Outcome measure
	Intervention
	Control
	Effect modification variables
	Statistical analyses
	Patient and public involvement

	Results
	Descriptive information and demographics
	Baseline differences between the intervention and control CCG groups
	Primary outcome in intervention CCGs: patterns in the rate of surgery following policy introduction
	Comparison of outcomes in control and intervention CCGs
	Changes in patient characteristics after policy introduction

	Discussion
	Conclusions
	Anchor 26
	Acknowledgements
	References


