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�� Hip

Does performance-based remuneration 
improve outcomes in the treatment of 
hip fracture?
Results from the WHiTE multicentre hip fracture 
cohort

Aims
The aim of this study was to determine whether national standards of best practice are 
associated with improved health-related quality of life (HRQoL) outcomes in hip fracture 
patients.

Methods
This was a multicentre cohort study conducted in 20 acute UK NHS hospitals treating 
hip fracture patients. Patients aged ≥ 60 years treated operatively for a hip fracture were 
eligible for inclusion. Regression models were fitted to each of the “Best Practice Tariff” 
indicators and overall attainment. The impact of attainment on HRQoL was assessed by 
quantifying improvement in EuroQol five-dimension five-level questionnaire (EQ-5D-5L) 
from estimated regression model coefficients.

Results
A total of 6,532 patients provided both baseline and four-month EQ-5D-5L, of whom 1,060 
participants had died at follow-up. Best practice was achieved in the care of 57% of par-
ticipants; there was no difference in age, cognitive ability, and mobility at baseline for the 
overall attainment and non-attainment groups. Attaining at least ‘joint care by surgeon 
and orthogeriatrician’, ‘delirium assessment’, and ‘falls assessment’ was associated with 
a large, clinically relevant increase in four months EQ-5D-5L of 0.094 (bootstrapped 95% 
confidence interval (CI) 0.046 to 0.146).

Conclusion
National standards with enhanced remuneration in hip fracture care results in improve-
ment in individual patients’ HRQoL.

Cite this article: Bone Joint J 2021;103-B(5):881–887.

Introduction
Pay-for-performance initiatives have been used 
in several healthcare systems in an attempt to 
generate and drive improvements in patient 
outcomes.1,2 In the UK National Health Service 
(NHS), Best Practice Tariffs (BPTs) were intro-
duced with the explicit intention to ‘incentivise 
and adequately reimburse providers’ to deliver 
improved clinical and cost-effective healthcare.3

Fragility hip fracture is a leading cause of death 
and disability worldwide. As populations age, the 
number of hip fractures is increasing rapidly with 
an annual worldwide incidence of 1.6 million.4 
In the NHS, hip fracture care has been part of 
the BPT system of payment since April 2010. 

Reimbursement to providers is linked to specific 
performance indicators based on the care deliv-
ered in the early period following injury (Table I).5 
Similar national audit programmes have been 
developed across the world.6

Overall, mortality for patients with hip fracture 
have improved since the introduction of BPT; 
30-day mortality has fallen from 8.4% in 2012 to 
7.1% in 2017.7 However, it is not clear whether 
BPT is associated directly with improved patient-
centred outcomes and whether any such improve-
ments justify the cost and administrative burden of 
implementing the tariff structure.1,2

The World Hip Trauma Evaluation (WHiTE) 
cohort was established in 2014, recruiting patients 
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Table I. Best practice tariff criteria and their determination from the World Hip Trauma Evaluation (WHiTE) dataset.

Item Name Description Categories Coding

BPT 1 Surgery < 36 Surgery within 36 hours of admission to an 
emergency department

No delay, surgery in < 36 hours Coded directly

Medical delay: awaiting diagnosis, 
investigation or medical stablization

Administrative delay: lack of available 
resources

Other delay

BPT 2 Joint care Admitted under joint care of a consultant 
orthopaedic surgeon and geriatrician

Yes/no Attained if GMC numbers were 
recorded for two appropriate 
clinicians

BPT 3 MDT protocol Admitted using an agreed MDT protocol Yes/no Coded directly

BPT 4 Geriatrician < 72 Assessed by a geriatrician within 72 hours of 
admission

Yes/no Coded directly

BPT 5 MDT rehab Postoperative geriatrician-directed MDT 
rehabilitation

Yes/no Coded directly

BPT 6 Bone health Assessment of falls risk and bone health Yes/no Coded directly

BPT 7 Cognitive 
assessment

Preoperative and postoperative delirium 
assessments

Yes/no Attained if two valid AMTS scores 
were reported

BPT criteria described are those in place at the time of the study and have subsequently been modified.
AMTS, Abbreviated Mental Test Score; BPT, best practice tariff; GMC, General Medical Council; MDT, multidisciplinary team.

with fragility hip fracture from a representative sample of hospi-
tals in the UK.8,9 WHiTE provides follow-up of all participants 
reporting data that mirror the UK national audit, augmented with 
health-related quality of life (HRQoL) outcomes.8 Recovery of 
HRQoL is reported by patients and carers as the most important 
outcome following this injury.10 This unique cohort therefore 
provides a more comprehensive insight into the effectiveness 
of clinical care provided, measured against the key domain of 
“interest to patients”. The aim of this study was to determine 
whether best practice is associated with improved HRQoL.

Methods
Study design summary. WHiTE is an observational cohort 
study that collects information on assessment, treatment, and 
recovery of patients admitted to participating UK NHS hospi-
tals after hip fracture.8 Full details of the protocol have been 
published previously. The WHiTE study was approved by re-
search ethics committee (REC; WHiTE Cohort approved by 
Camberwell St Giles Research Ethics Committee with refer-
ence 11/LO/0927). The study is registered at Current Controlled 
Trials: ISRCTN63982700.
Eligibility. Patients were eligible to participate in WHiTE if 
they were aged 60 years or older and were treated operatively 
for a hip fracture. The cohort is both representative of the pa-
tients treated in the participating hospitals and the wider UK 
population with hip fracture.9

Consent. Patients gave their consent to participate in the 
WHiTE study or, for those without capacity, agreement was 
provided by an appropriate consultee in line with the Mental 
Capacity Act 2005.11

Procedures. Participants enrolled in the WHiTE Cohort study 
were treated in accordance with local standard care pathways. 
The National Institute for Clinical Excellence (NICE) has is-
sued standardized care guidelines that are used in the majori-
ty of hospitals, and are summarized elsewhere.12 Adherence to 
this NICE guideline is 85% to 98% across all recommendations 

(with the exception of the use of total hip arthroplasty),13 and is 
reported in full, annually in the national audit.14

Outcome data collection. Data were transcribed from clini-
cal reporting forms, completed by recruitment centre research 
teams at baseline or entered directly by the central study team 
into the WHiTE database during follow-up telephone calls at 
four months (OpenClinica v. 3.7, OpenClinica, USA). Data 
were extracted from the database and saved to a comma-
separated format for analyses.
Health-related quality of life. HRQoL was assessed using 
the EuroQol five-dimension five-level questionnaire (EQ-
5D-5L);15 a generic, validated, cross-disciplinary standard-
ized health utility instrument widely used to assess HRQoL 
after hip fracture.16 EQ-5D has two parts, a visual analogue 
scale (VAS), which measures self-rated health, and a health 
status instrument, which is the focus of the analysis reported 
here, consisting of a five-level response (no problems, slight 
problems, moderate problems, severe problems, and extreme 
problems) for five health domains related to daily activities: 1) 
mobility, 2) self-care, 3) usual activities, 4) pain and discom-
fort, and 5) anxiety and depression. Each WHiTE participant 
was asked to indicate their health state by selecting the most 
appropriate statement in each of the five dimensions; com-
bining these provides a five-digit number that describes the 
participant’s health state. The five-digit responses, from the 
EQ-5D health classifications, were converted into an overall 
score using a published utility algorithm for the UK popula-
tion.17,18 The clinically important difference in EQ-5D derived 
utility is estimated to be between 0.05 and 0.075.19 For context, 
the estimated adjusted disutility associated with asthma, acute 
myocardial infarction, and diabetes melitus are 0.05, 0.06, and 
0.07 respectively.20 Participants in WHiTE were asked to pro-
vide (retrospective) pre-fracture assessments of HRQoL, using 
EQ-5D, at enrolment into the study. While there are limitations 
to this approach, the recall values reported are similar to an 
age- and sex-matched UK population.16
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Table II. Best practice tariff attainment by indicator.

Name
 �

Description
 �

Indicator attained, n (%)

No Yes

Surgery < 36 Surgery within 36 hours of admission to an emergency department 1,768 (20.8) 6,722 (79.2)

Joint care Admitted under joint care of an consultant orthopaedic surgeon and geriatrician 506 (5.8) 8,167 (94.2)

MDT protocol Admitted using an agreed MDT protocol 93 (1.1) 8,436 (98.9)

Geriatrician < 72 Assessed by a geriatrician within 72 hours of admission 561 (6.7) 7,773 (93.3)

MDT rehab Postoperative geriatrician-directed MDT rehabilitation 126 (1.5) 8,222 (98.5)

Bone health Assessment of falls risk and bone health 496 (5.8) 8,057 (94.2)

Cognitive assessment Preoperative and postoperative delirium assessments 1,161 (13.4) 7,512 (86.6)

All 3,771 (43.5) 4,902 (56.5)

MDT, multidisciplinary team.

Table III. Participant characteristics for those who attained all seven 
best practice tariff criteria (Yes) and those who did not (No).

Participant characteristic No (n = 3,771) Yes (n = 4,902)

Age, n (%)
< 80 yrs 1,407 (37.3) 1,688 (34.4)

80+ yrs 2,364 (62.7) 3,214 (65.6)

Sex, n (%)
Female 2,675 (70.9) 3,615 (73.8)

Male 1,096 (29.1) 1,287 (26.2)

AMTS, n (%)
0 to 3: Severe impairment 559 (16.5) 887 (18.1)

4 to 6: Moderate impairment 295 (8.7) 433 (8.8)

7 to 10: Normal 2,537 (74.8) 3,582 (73.1)

ASA, n (%)
I 84 (2.4) 104 (2.2)

II 866 (25.0) 1,441 (30.6)

III 1,966 (56.8) 2,620 (55.7)

IV 539 (15.6) 532 (11.3)

V 7 (0.2) 6 (0.1)

Mobility (pre-fracture), n (%)
No functional mobility 85 (2.3) 106 (2.2)

Freely mobile without aids 1,530 (41.6) 1,968 (40.3)

Mobile outdoors with one aid 903 (24.5) 1,160 (23.7)

Mobile outdoors with two aids 
or frame

644 (17.5) 775 (15.9)

Some indoor mobility but never 
outside without help

492 (13.4) 833 (17.0)

Unknown 28 (0.8) 46 (0.9)

Residency (pre-fracture), n (%)
Own home/sheltered housing 3,107 (84.3) 4,052 (82.7)

Residential care 303 (8.2) 475 (9.7)

Nursing care 210 (5.7) 315 (6.4)

Rehab unit 3 (0.1) 7 (0.1)

Index hospital 44 (1.2) 32 (0.7)

Other hospital in Trust 10 (0.3) 15 (0.3)

Other 8 (0.2) 6 (0.1)

AMTS, Abbreviated Mental Test Score; ASA, American Society of 
Anesthesiologists.

Some participants were unable to complete the EQ-5D 
themselves, so this was completed by either the next of kin, 
a relative, carer, or other proxy. Proxy-reported EQ-5D index 
scores have previously been shown to be an acceptable source 
of data in a similar population to the WHiTE cohort,21 although 
evidence from more recent studies is mixed.22,23

Best practice tariff indicators. The performance indicators as-
sessed as part of BPT during the study period, and the means by 
which attainment or otherwise of these indicators were derived 
from the database, and shown in Table I.

If data were not available for an individual participant to make 
a valid assessment of whether the indicator had been attained 
(e.g. a missing datum), then the individual criterion was marked 
as missing. Overall BPT attainment was assessed as all seven 
criteria being attained for any individual participant.
Other data. Participant demographic variables including age, 
sex, alcohol consumption, smoking status, and reported diabe-
tes or renal failure were collected at baseline. Participants resi-
dence and mobility prior to the fracture; fracture type, surgical 
treatment, American Society of Anesthesiologists grade (ASA; 
I, II, III, IV, V)24 and Abbreviated Mental Test scores (AMTS; 
1 to 10) were also recorded. At four months post-injury, further 
data on residency and mobility were collected.
Sample size. The data reported here are based upon the data ex-
tract for the pre-specified analysis of the WHiTE cohort of the 
first 6,000 complete outcome datasets. Full details are reported 
in the published protocol.8 In summary, an initial sample size 
of 6,000 patients would provide considerable power to estimate 
outcomes of interest with a high level of precision. Assuming 
that we are interested in patient subgroups no smaller than 5% 
of this total (n = 300) and a clinically important difference in 
utility of between 0.05 and 0.075,19 we had power to detect 
small to moderate effects sizes in our planned multiple regres-
sion analyses.25

Statistical analysis. This is an elderly and frail population, 
with a high mortality at four months post-injury.26 In line with 
EuroQoL recommendations,15 for our primary analysis, we ‘im-
puted’ EQ-5D values for those participants who died before 
the four months post-injury EQ-5D assessment with a value of 
zero; we call this ‘death-adjusted’ EQ-5D and simply EQ-5D 
hereafter.27 We tested the impact of this approach through sensi-
tivity analyses reported in Supplementary Table ii and Figure a.

Baseline HRQoL is strongly associated with HRQoL at four 
months post-injury26,27 and approximately 35% of the vari-
ation in baseline HRQoL is explained by routinely reported 

participant characteristics (sex, age, pre-fracture mobility, and 
pre-fracture residency).28 Therefore, to test the hypothesis that 
EQ-5D, at four months after injury, was higher if a BPT indi-
cator had been attained, we fitted regression models to adjust for 
baseline EQ-5D and these characteristics. Regression models 
were fitted to each of the seven individual BPT indicators and 
overall BPT attainment. The overall impact of the BPT indica-
tors on HRQoL was assessed by quantifying the improvement 
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Table IV. Means and estimates of differences in four-month EuroQol five-dimension questionnaire score between those attaining (Yes) and those 
not attaining best practice tariff (No) for each best practice tariff indicator.

BPT Mean EQ-5D 4 months Adjusted analysis p-value*

No Yes Difference (95% CI)

Surgery < 36 0.429 0.430 0.010 (-0.007 to 0.027) 0.254

Joint care 0.387 0.433 0.034 (0.002 to 0.066) 0.035

MDT protocol 0.422 0.431 0.014 (-0.053 to 0.082) 0.673

Geriatrician < 72 0.397 0.433 0.026 (-0.003 to 0.054) 0.077

MDT rehab 0.392 0.431 0.015 (-0.047 to 0.076) 0.644

Bone health 0.377 0.433 0.051 (0.019 to 0.082) 0.002

Cognitive assessment 0.403 0.434 0.025 (0.004 to 0.047) 0.021

All 0.419 0.438 0.016 (0.002 to 0.030) 0.026

*Regression analysis adjusting for baseline EQ-5D, age, sex, pre-fracture mobility, and pre-fracture residence.
BPT, best practice tariff; CI, confidence interval; EQ-5D, EuroQol five-dimension questionnaire; MDT, multidisciplinary team.

in EQ-5D from the estimated regression model coefficients. The 
distribution of the residuals of both ‘death-adjusted’ and ‘death-
as-missing’ models was confirmed to be approximately normal 
prior to selecting our parametric approach and are in Supple-
mentary Figure a. Similar logistic regression models were also 
fitted for a binary response variable of death at four months 
post-injury, to test the hypothesis that mortality at four months 
post-injury was lower if BPT had been attained than not.

As a further step in understanding the role of the participant 
characteristics on BPT attainment, propensity score matching 
(PSM)29 was used to reduce bias due to these variables in 
the regression coefficient estimates obtained from the main 
analysis of HRQoL at four months post-injury. Two-to-one 
nearest-neighbour matching was used to obtain a reduced 
dataset consisting of data from those participants who did not 
attain BPT matched as nearly as possible to two participants 
who did attain BPT.

All analyses were undertaken in R Project for Statistical 
Computing (Austria), using the MatchIt package30 for the PSM 
analysis, with statistical significance assessed at the 5% level.

Results
Participants. This cohort study comprises data from 8,673 
participants recruited between May 2014 and April 2017, 
of whom 7,391 provided a baseline EQ-5D and 6,532 both 
baseline and four months EQ-5D. The mean age of WHiTE 
cohort participants at recruitment was 83 years (SD 8.5), and 
the percentage female to male split was 73:27.28 A total of 
1,060 participants died prior to four months follow-up; 518 
and 542 respectively in the groups for whom all BPT criteria 
were met or not. The sample is a nested subset of patients 
treated at the participating hospitals and the wider NHS. We 
have published elsewhere the generalizability of this cohort 
to both the treated population in the participating centres and 
the wider UK population of hip fractures and found no evi-
dence of selection bias.31

BPT attainment. The overall attainment of each BPT indica-
tor is shown in Table II; taken together, all indicators and con-
sequently the additional tariff to the provider was only attained 
for 57% of participants. The poorest attainment (79.2%) was 
for BPT 1, 'Surgery within 36 hours from arrival in an emer-
gency department'. Two indicators were almost universally 
attained: BPT 3, 'Admitted using an agreed multidisciplinary 

team (MDT) protocol' and BPT 5, 'Postoperative geriatrician-
directed MDT rehabilitation' were not attained in fewer than 
2% of cases.

Table III shows the participant characteristics for those who 
attained all seven BPT criteria and those who did not. The mean 
age for those participants attaining all seven BPT criteria was 
83.0 years (standard deviation (SD) 8.5) and for those partici-
pants not attaining all seven BPT criteria was 82.5 years (SD 
8.6); the mean AMTS was 7.46 in those who did attain BPT (SD 
3.46) compared with 7.60 (SD 3.38) for those who did not attain 
BPT. Overall the participant populations who attained all BPT 
and those who did not were well balanced.
Health-related quality of life. Table I V shows the mean 
four-month post-injury EQ-5D by BPT indicator attainment; 
EQ-5D was always lower when BPT characteristics had not 
been attained (No), than when it had been attained (Yes). The 
proportion of participants for whom the EQ-5D was proxy 
reported was approximately 30% and similar between the 
groups that had and had not attained BPT.

Attaining indicators BPT 2, BPT 6, and BPT 7 ('Admitted 
under joint care of an consultant orthopaedic surgeon and geria-
trician', 'Assessment of falls risk and bone health', and 'Preoper-
ative and postoperative cognitive assessments') was associated 
with statistically significant and small to moderate clinical 
improvements in four months post-injury EQ-5D. Including 
all three of these BPT indicators in a single regression model, 
with adjustment as previously described, showed that attaining 
at least this subset of indicators was associated with the large, 
highly clinically relevant increase in four months post-injury 
EQ-5D of 0.094 (bootstrapped 95% CI 0.046 to 0.146). A 
similar magnitude of change in utility is associated with major 
affective psychoses.20

A summary of the results of the PSM and repetition of the 
analysis reported in Table I V are reported in Supplementary 
Table iv and Figures b to h. Adjusted estimates of differences 
in four months post-injury EQ-5D from the PSM analysis were 
consistent with the estimated effects from the full dataset, as 
were estimated effects for the other BPT indicators; increases in 
BPT indicators 2, 6, and 7 were 0.053 (95% CI 0.016 to 0.089), 
0.054 (95% CI 0.016 to 0.093), and 0.031 (95% CI 0.007 to 
0.056)).
Mortality. Mortality at four months post-injury was always 
lower when each BPT indicator had been attained than not. 
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However, these differences were not maintained after ad-
justment for important baseline variables except for BPT 1, 
'surgery within 36 hours of admission to an emergency de-
partment' (odds ratio indicating lower mortality for Yes = 
0.71; 95% CI 0.59 to 0.85, p < 0.001, logistic regression) 
(Supplementary Table i).

Further exploration of this association by subgroups of 
‘cause of delay’ showed that the risk of death at four months 
post-injury for those participants with a medical delay 
(20.6%), namely patients for whom a clinical decision was 
taken to delay surgery to correct a modifiable preoperative 
risk, was much higher than risks for any other reason. Base-
line and four-month post-injury EQ-5D scores were also 
statistically significantly lower in the medical delay group 
than the administrative delay group, namely patients who 
were delayed only due to non-clinical reasons such as lack 
of operating time or theatre space (p = 0.001 and p = 0.003 
respectively, both linear regression) (Supplementary Table 
iii).

Discussion
In this large, multicentre, cohort study we have reported the 
first evidence, from the NHS, that attaining best practice tariff 
in the treatment of patients with hip fracture is associated not 
only with reduced mortality but also with improved HRQoL 
four months after their hip fracture. The three indicators, 
'admitted under the joint care of a consultant geriatrician and 
orthopaedic surgeon' (BPT 2), 'assessment of falls risk and 
bone health' (BPT 6) and 'preoperative and postoperative 
delirium assessment' (BPT 7) were statistically significantly 
associated with better HRQoL at four months post-injury; 
attaining at least this subset of the indicators was associated 
with a large, highly clinically relevant benefit in HRQoL.

There is extremely strong evidence that mortality was 
higher among those participants that were delayed in 
receiving surgery beyond 36 hours. However, we found 
important differences in baseline characteristics between 
participants with different causes of delay, indicating that 
residual confounding factors may explain at least some of this 
variation in mortality. It seems possible that clinical judge-
ment and pre-existing ill health explains much of the varia-
tion in mortality risks rather than delay per se.

Participants delayed for medical reasons have lower base-
line EQ-5D. The outlook for these participants is poor as 
mortality is high (20.6% at four months); the low baseline 
EQ-5D may explain this, irrespective of the delay in oper-
ation. Participants delayed for administrative reasons have 
relatively high baseline EQ-5D, significantly higher than 
those with no delay. Clinicians, determining clinical priori-
ties, may be choosing to delay operations for those patients 
who are generally healthier. The outlook for these patients is 
very good, because they have better health before hip frac-
ture; they have the lowest four-month post-injury mortality 
and highest HRQoL of any participants. This may reflect 
decision-making, such as delay for specialist hip surgeons to 
perform total hip arthroplasty.

Alternative statistical approaches gave similar estimates, 
confidence intervals, and consistent inferences for matched 

subsets of the full data, providing support for the conclusions 
of the primary analyses (see Supplementary Material).

The principal limitations of this study are those inherent to 
any observational design when attempting to infer causality. 
However, we have sought to address these limitations through 
a rigorous, prospective design with a pre-published protocol 
and analysis plan.8 Previous analyses have shown that there is a 
strong correlation between baseline and four-month post-injury 
EQ-5D,16,26,28 so by including this and the other main patient 
characteristics (age, sex, pre-fracture mobility, and residency) 
in the analysis we can adjust for the effects of these factors on 
the main outcomes.

This study was designed to explore associations between 
BPT indicators and patient-level improvements in HRQoL. 
Changes in HRQoL were deemed to be clinically relevant or 
not against a prespecified difference of 0.075. It is plausible 
that population-level effects of BPT, or assessments of cost-
effectiveness of a policy of implementing payment for perfor-
mance, may be different from the inferences presented here.

There is little evidence in the data to suggest that selection 
bias was likely to affect the four-month post-injury EQ-5D anal-
ysis. While it is plausible that higher baseline HRQoL might 
be associated with attaining BPT, and therefore the observation 
of better four-month HRQoL outcome may be due to selection 
bias, the data suggest that bias in this direction was not likely; as 
those attaining BPT were marginally older, had a lower AMTS, 
and poorer mobility.

Smaller, often single centre studies have sought to address 
similar research questions but have been limited to using 
mortality alone as an outcome.32–34 These studies have 
reported conflicting findings, although the largest found 
overall that outcomes were better in patients for whom BPT 
was attained than not.33 These studies were all limited in two 
crucial ways; firstly by size (each was underpowered and 
prone to type II error) and secondly none reported outcomes 
that patients prioritize.10

We recognize that the costs associated with provision of the 
care required to achieve BPT criteria, the assessment of those 
criteria, and administration of tariff payments is a key consid-
eration in policy-making decisions. Capturing these costs was 
outside the scope of this study and further research on the cost-
effectiveness of the BPT system is needed.

Our findings are generally concordant with what might be 
expected clinically. While accepting the limitations of the 
design, we are confident that these data make a strong case for 
the benefit of the BPT in hip fracture care, in terms of HRQoL. 
Best practice was only delivered for 57% (4,902/8,673) of 
participants in this study—we expect and hope that improving 
this can yield further improvements in patient outcomes.

Take home message
- - This study is the first to report the association between 

best-practice, defined as the delivery of key performance 
indicators, and health-related quality of life in patients 

recovering from a hip fracture.
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Supplementary material
‍ ‍The supplementary material includes the results of the 

following analysis: Death-as-missing adjusted 
Euro-Qol five-dimension questionnaire (EQ-5D), 

Model distributions of death-adjusted and death-as-missing 
EQ-5D, Effects of proxy reporting on EQ-5D, Mortality, EQ-5D 
and attainment of "surgery within 36 hours of admission to an 
emergency department", and propensity score matching.
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