
Original research

Does pay- for- performance improve patient outcomes 
in acute exacerbation of COPD admissions?
Philip W Stone    ,1 Alexander Adamson    ,1 John R Hurst    ,2 
C Michael Roberts,3,4,5 Jennifer K Quint    1

Chronic obstructive pulmonary disease

To cite: Stone PW, 
Adamson A, Hurst JR, et al. 
Thorax Epub ahead of print: 
[please include Day Month 
Year]. doi:10.1136/
thoraxjnl-2021-216880

 ► Additional supplemental 
material is published online 
only. To view, please visit the 
journal online (http:// dx. doi. 
org/ 10. 1136/ thoraxjnl- 2021- 
216880).

1Respiratory Epidemiology, 
National Heart and Lung 
Institute, Imperial College 
London, London, UK
2UCL Respiratory, University 
College London, London, UK
3Institute of Population Health 
Sciences, Queen Mary University 
of London, London, UK
4UCLPartners, London, UK
5Clinical Quality Improvement 
Department, Royal College of 
Physicians, London, UK

Correspondence to
Philip W Stone, National Heart 
and Lung Institute, Imperial 
College London, London, UK;  
 p. stone@ imperial. ac. uk

Received 11 January 2021
Accepted 4 June 2021

© Author(s) (or their 
employer(s)) 2021. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Background The COPD Best Practice Tariff (BPT) 
is a pay- for- performance scheme in England that 
incentivises review by a respiratory specialist within 24 
hours of admission and completion of a list of key care 
components prior to discharge, known as a discharge 
bundle, for patients admitted with acute exacerbation 
of COPD (AECOPD). We investigated whether the two 
components of the COPD BPT were associated with 
lower 30- day mortality and readmission in people 
discharged following AECOPD.
Methods Longitudinal study of national audit data 
containing details of AECOPD admissions in England and 
Wales between 01 February 2017 and 13 September 
2017. Data were linked with national admissions and 
mortality data. Mixed- effects logistic regression, using a 
random intercept for hospital to adjust for clustering of 
patients, was used to determine the relationship between 
the COPD BPT criteria (combined and separately) and 30- 
day mortality and readmission. Models were adjusted for 
age, sex, socioeconomic status, length of stay, smoking 
status, Charlson comorbidity index, mental illness and 
requirement for oxygen or noninvasive ventilation during 
admission.
Results 28 345 patients discharged from hospital 
following AECOPD were included. 37% of admissions 
conformed to the two COPD BPT criteria. No relationship 
was observed between BPT conforming admissions 
and 30- day mortality (OR: 1.09 (95% CI 0.92 to 1.29)) 
or readmissions (OR: 0.96 (95% CI 0.90 to 1.02)). 
No relationship was observed between either of the 
individual COPD BPT components and 30- day mortality 
or readmissions. However, a specialist review at any time 
during admission was associated with lower inpatient 
mortality (OR: 0.69 (95% CI 0.58 to 0.81)).
Conclusion Completion of the combined COPD BPT 
criteria does not appear associated with a reduction 
in 30- day mortality or readmission. However, specialist 
review was associated with reduced inpatient mortality. 
While it is difficult to argue that discharge bundles 
do not improve care, this analysis questions whether 
the pay- for- performance model improves mortality or 
readmissions.

BACKGROUND
COPD is the third leading cause of death world-
wide1 and an estimated 1.2 million people in the 
UK have a diagnosis of COPD.2 Many patients with 
COPD experience episodes of worsening in their 
symptoms termed an acute exacerbation of COPD 
(AECOPD), which in the most severe cases require 

hospitalisation. COPD exacerbations account for 
approximately 3% of US hospital admissions per 
year,3 and in England, there are over 100 000 
hospital admissions annually due to AECOPD,4 
each one costing the National Health Service an 
average of £1868.5

Pay- for- performance incentives exist in several 
countries and for several diseases.6–8 In England, 
optimal care of AECOPD admissions has been 
incentivised since 2017 through the COPD Best 
Practice Tariff (BPT), which encourages best prac-
tice by paying care providers an additional amount 
for AECOPD admissions that are (1) reviewed by a 
respiratory specialist within 24 hours of the admis-
sion and (2) receive a discharge care bundle before 
the patient leaves hospital. A care bundle is a collec-
tion of evidence- based interventions.9 For example, 
the British Thoracic Society (BTS) COPD Discharge 
Care Bundle comprises: (1) review medication 
and check inhaler technique, (2) provide a self- 
management plan and emergency drug pack where 

Key messages

What is the key question?
 ► Is the combination of specialist review 
within 24 hours and discharge care bundle 
incentivised by the English COPD Best Practice 
Tariff (BPT) pay- for- performance scheme 
associated with improved mortality and 
readmission in acute exacerbation of COPD 
(AECOPD) admissions?

What is the bottom line?
 ► The combination of specialist review within 
24 hours and a discharge care bundle as 
incentivised by the English COPD BPT pay- for- 
performance scheme did not appear associated 
with 30- day mortality or readmission in 
AECOPD admissions; however, respiratory 
specialist review was associated with decreased 
inpatient mortality.

Why read on?
 ► This is the first study to use a large national 
audit to investigate the impact of the 
combination of specialist review and discharge 
care bundles as incentivised by the English 
COPD BPT pay- for- performance scheme 
on readmission and mortality in AECOPD 
admissions.
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Chronic obstructive pulmonary disease

appropriate, (3) offer support to achieve smoking cessation, (4) 
assess and refer for pulmonary rehabilitation and (5) arrange 
follow- up.10 The aim of the BTS COPD discharge bundle is 
to improve patient self- management and postdischarge care in 
order to reduce COPD readmissions.

Achievement of the COPD BPT is assessed at the hospital level, 
based on admissions recorded in the UK National Asthma and 
COPD Audit Programme (NACAP), such that if 60% of audited 
patients with a primary diagnosis of AECOPD receive the two 
components of the COPD BPT (specialist review and discharge 
bundle), the hospital will receive an additional payment for all 
AECOPD admissions managed. If the 60% target is not met, the 
hospital will not receive the additional payment for any of the 
AECOPD admissions it managed and will instead be reimbursed 
at the standard rate.11–14 However, approximately 40% of hospi-
tals in England have negotiated an alternative system of reim-
bursement for admissions meaning that the COPD BPT does not 
apply to them.

Review by a multidisciplinary respiratory specialist improves 
the quality of care received by patients15 and may lead to a reduc-
tion in mortality and length of hospital stay.14 16 There is also 
weak evidence that discharge bundles reduce readmissions.17 
However, data suggest that discharge bundles are not always 
effectively implemented.18 Data from the 2014 COPD audit 
showed that only 57% of AECOPD admissions were reviewed 
by a respiratory specialist15 and only 69% of providers used 
discharge bundles.19 The COPD BPT aims to increase receipt of 
these two items of care for AECOPD admissions.13

There are few studies on the effectiveness of pay- for- 
performance in secondary care settings and no study to date has 
investigated whether implementing the two COPD BPT criteria 
together improves AECOPD admission outcomes. Therefore, 
in this analysis of national audit data, we aimed to determine 
whether people admitted with AECOPD who receive both 
COPD BPT criteria have fewer readmissions and lower mortality 
than those who do not receive the COPD BPT. Specifically, we 
want to determine whether the combination of specialist review 
and discharge bundle that the COPD BPT seeks to incentivise 
improves individual patient outcomes, rather than whether the 
60% target used by the COPD BPT improves patient outcomes 
at the hospital level. Therefore, we examine outcomes at the 
patient level in all hospitals rather than comparing outcomes 
between eligible hospitals that met the 60% target versus those 
that did not. If we were instead to compare trusts that met and 
did not meet the 60% target in an ecological- type analysis, there 
would be admissions that both did and did not meet the BPT 
criteria in both the ≥60% and<60% groups. This would make it 
harder to determine whether the BPT criteria were truly having 
an impact on patient outcomes.

METHODS
Database/population
The NACAP reports care received by patients admitted to hospi-
tals in England and Wales with AECOPD. From 2017, audit data 
collection has been continual. All acute hospitals in England and 
Wales were eligible to participate (Scotland joined in 2018), and 
of 197 eligible hospitals, 182 (92%) participated in data collec-
tion. The first report on these prospective data was published in 
2018 including analysis for patients admitted from 01 February 
2017 and discharged by 13 September 2017. Further details of 
the audit methodology and results can be found in the published 
report20 and a paper describing the longitudinal evolution of 
national COPD audit in the UK.21

In 2019, a follow- up with longer term outcomes—30- day and 
90- day mortality and readmission—of the admissions included 
in the original 2017 audit report was published. All included 
patients had details of their admission linked with mortality 
data from the UK Office for National Statistics (ONS)22 and 
admissions data from England’s Hospital Episode Statistics 
(HES) Admitted Patient Care (APC) database23 or Wales’ Patient 
Episode Database for Wales (PEDW).24 After data cleaning to 
remove patients aged <35 years and admissions with an impos-
sible chronology, the data set was limited to the first admission 
for each patient in the audit period. This left a data set of 30 294 
patients. This data set was used to conduct our analysis; further 
details are found in the audit outcomes report.25

Variables
The primary exposure in this study was conforming to the 
COPD BPT. An admission was considered to have conformed 
to the BPT if a patient received a respiratory specialist review 
≤24 hours after admission and a COPD discharge bundle before 
discharge. The nature of discharge bundle was left to individual 
hospitals. Admissions where the patient was not reviewed by 
a respiratory specialist were included in the same category as 
admissions that received a respiratory specialist review >24 
hours after admission. The two components of the COPD BPT 
(specialist review within 24 hours and discharge bundle) were 
also examined separately in secondary analyses.

Patients who died during their admission or self- discharged 
were excluded from analyses as these patients are unlikely to 
have been able to receive a discharge bundle and it would be 
unfair to include these admissions in our assessment of confor-
mation to the COPD BPT.

The outcomes examined in this study were 30- day mortality 
and readmissions. The patient was considered to have died 
within 30 days of admission if there was an ONS death record 
<30 days after their admission date (as inpatient deaths were 
excluded this means that our definition of 30- day mortality 
represents a variable period after discharge dependent on the 
length of stay). The data received by us only contained 30- day 
mortality in a binary format (yes/no patient died within 30 days 
of admission); therefore, we are unable to calculate 30- day post-
discharge mortality. The patient was considered to have been 
readmitted within 30 days of discharge if there was a HES APC 
or PEDW admission record for any emergency hospital admis-
sion <30 days after discharge.

Potential confounders used in the analysis were age, sex, socio-
economic status, oxygen needed during admission, noninvasive 
ventilation (NIV) administered during admission, length of stay, 
smoking status, Charlson comorbidity index and a history of 
mental illness. Respiratory specialist review was included as an 
additional confounder in analyses of the COPD discharge bundle 
as we hypothesised that individuals who had received a specialist 
review were more likely to receive a discharge bundle. Detailed 
definitions of confounders are found in online supplemental 
methods and online supplemental tables S1 and S2.

Statistical analysis
Data management and statistical analyses were performed using 
Stata V.15 (StataCorp, College Station, Texas). Data were first 
summarised using means and proportions where appropriate. In 
our primary analysis to investigate association between an admis-
sion conforming to the COPD BPT (receiving specialist review 
within 24 hours and receiving a discharge bundle) and 30- day 
mortality (from admission) and 30- day readmission (from 

2 Stone PW, et al. Thorax 2021;0:1–8. doi:10.1136/thoraxjnl-2021-216880

 on July 27, 2021 at U
C

L Library S
ervices. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2021-216880 on 16 July 2021. D

ow
nloaded from

 

https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
http://thorax.bmj.com/


Chronic obstructive pulmonary disease

discharge), we used mixed- effects logistic regression (xtlogit 
command, ‘re’ option) with a random intercept for hospital to 
account for clustering of patients within hospitals. ORs and 95% 
CIs were generated for each outcome. After univariate anal-
ysis, regression models were adjusted by including the potential 
confounders described above as covariates in the model.

Secondary analyses were performed using specialist review 
within 24 hours and receipt of a discharge bundle as the inde-
pendent variables in place of conformation to the BPT to test 
the individual components of the BPT. Additionally, we further 
tested the components of the specialist review variable: patients 
who either did or did not have a specialist review, and for 
patients who did have a review, those who had one in ≤24 hours 
and those who had one in >24 hours.

Missing data were minimal for variables included in regression 
models and where data were missing, complete case analysis was 
used. OR graphs were generated using coefplot.26

Sensitivity analyses
We repeated the discharge bundle analysis excluding ‘not clear’ 
responses to the ‘Has a BTS, or equivalent, discharge bundle 
been completed for this admission?’ question to determine if 
there was a strengthening of the effect of a discharge bundle 
on the outcomes if it was known for certain whether a patient 
received a bundle or not. We repeated the specialist review anal-
yses using the full audit cohort (including patients who died as 
an inpatient or self- discharged) to determine whether specialist 
review was associated with mortality in the full 30- day period 
from admission or inpatient mortality. Additionally, we repeated 
the analysis using 90- day mortality and 90- day readmissions as 
the outcomes to examine if the benefits of the COPD BPT were 
not detectable until sufficient time had passed for all elements 
of the discharge bundle to be completed (such as smoking cessa-
tion and pulmonary rehabilitation). We also ran the analysis 
without Welsh hospitals, as these are not eligible to participate 
in the BPT, to see if there was any change in outcomes. Finally, 
we examined if there was any difference in patient outcomes 
between hospitals that met the 60% target for BPT conforming 
admissions and hospitals that did not meet the target.

RESULTS
After exclusion of patients who self- discharged (n=465 (0.5%)) 
died during admission (n=1213 (4.0%)) and had ‘other’ as the 
response for whether they received a discharge bundle (n=571 
(1.9%)), the final analysed cohort in this study comprised 28 
345 patients (first admission in audit period only) from 181 
hospitals.

COPD BPT conforming admissions
Thirty- seven per cent of admissions conformed to the BPT 
(received specialist review within 24 hours and a discharge 
bundle) (table 1). BPT conforming admissions, compared with 
admissions not meeting BPT, were more frequently prescribed 
oxygen (60.9% vs 51.3%), had more NIV administered (11.4% 
vs 7.6%), had fewer hospital stays of 0–1 days (24.5% vs 27.4%), 
more patients with smoking status recorded (95.6% vs 87.7%), 
more patients with a Dyspnoea, Eosinopenia, Consolidation, 
Acidaemia and atrial Fibrillation (DECAF) score (measure 
of AECOPD severity27) recorded (26.5% vs 6.4%) and more 
patients with spirometry results available (46.0% vs 32.9%).

In mixed- effects logistic regression analysis, no significant 
difference in 30- day mortality (OR: 1.09 (95% CI 0.92 to 1.29)) 
and 30- day readmission (OR: 0.96 (95% CI 0.90 to 1.02)) 

Table 1 Demographics and outcomes for people discharged from 
hospital following acute exacerbation of COPD whose admissions did 
conform to the COPD Best Practice Tariff (BPT) (receipt of a respiratory 
specialist review within 24 hours of admission and a discharge bundle) 
and those whose admissions did not conform to the COPD BPT, N=28 
345

Admission 
conformed to COPD 
BPT

Admission did not conform to 
COPD BPT

N=10 530 N=17 815

n (%) n (%)

Age (years)

  Mean (SD) 71.5 (10.3) 72.5 (11.0)

Gender

  Male 4895 (46.5%) 8343 (46.8%)

  Female 5635 (53.5%) 9472 (53.2%)

Quintile of IMD/WIMD

  1 (most deprived) 3485 (33.1%) 5768 (32.4%)

  2 2509 (23.8%) 4254 (23.9%)

  3 1894 (18.0%) 3337 (18.7%)

  4 1492 (14.2%) 2510 (14.1%)

  5 (least deprived) 1058 (10.1%) 1778 (10.0%)

  No data 92 (0.9%) 168 (0.9%)

Oxygen prescription

  Not needed 1773 (16.8%) 3579 (20.1%)

  Not prescribed 2341 (22.2%) 5098 (28.6%)

  Prescribed 6416 (60.9%) 9138 (51.3%)

NIV administered 1201 (11.4%) 1354 (7.6%)

Length of stay quintile

  0–1 day 2581 (24.5%) 4875 (27.4%)

  2–3 days 2581 (24.5%) 4290 (24.1%)

  4–5 days 1770 (16.8%) 2878 (16.2%)

  6–8 days 1685 (16.0%) 2471 (13.9%)

  9+ days 1913 (18.2%) 3301 (18.5%)

Smoking status

  Never smoked 256 (2.4%) 732 (4.1%)

  Ex- smoker 6236 (59.2%) 9559 (53.7%)

  Current smoker 3586 (34.1%) 5335 (30.0%)

  Not recorded 452 (4.3%) 2189 (12.3%)

Charlson comorbidity 
index

  1 5330 (50.6%) 8305 (46.6%)

  2 2598 (24.7%) 4510 (25.3%)

  3 1383 (13.1%) 2457 (13.8%)

  4 662 (6.3%) 1267 (7.1%)

  5 313 (3.0%) 670 (3.8%)

  6 107 (1.0%) 273 (1.5%)

  7+ 137 (1.3%) 333 (1.9%)

Mental health diagnoses

  No mental illness 8309 (78.9%) 14 347 (80.5%)

  Mild/moderate mental 
illness

1547 (14.7%) 2366 (13.3%)

Continued
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Chronic obstructive pulmonary disease

was found between admissions that conformed to the BPT and 
admissions that did not conform (figure 1 and online supple-
mental table S3).

The COPD BPT individual components
Respiratory specialist review
Fifty- three per cent of admissions were reviewed by a respira-
tory specialist within 24 hours (online supplemental table S4). 
Twenty- four per cent of patients did not receive a respiratory 
specialist review at all (online supplemental table S5). Of the 
76% of patients who did receive a review, 69% were within 24 
hours of admission, meaning that 31% of reviewed patients had 
to wait more than 24 hours for a review (online supplemental 
table S6). A detailed description of the differences between the 
exposure groups for each of the respiratory specialist review 
exposures is found in online supplemental results.

In mixed- effects logistic regression analysis, no significant 
difference in 30- day mortality or 30- day readmission was 
observed between admissions that were reviewed by a respira-
tory specialist within 24 hours and those that were not reviewed 
or reviewed in >24 hours (figure 2A and online supplemental 
table S7). No significant difference in 30- day mortality or 
30- day readmission was observed between patients who did and 
patients who did not receive a specialist review (figure 2B and 
online supplemental table S8) and no significant difference was 
found in either outcome between patients who received a review 
within 24 hours and those who received a review in >24 hours 
(figure 2C and online supplemental table S9).

COPD discharge care bundle
Fifty- four per cent of admissions received a discharge bundle 
(online supplemental table S10). A detailed description of the 
differences between admissions that did and did not receive 
a discharge bundle is found in online supplemental results. In 
mixed- effects logistic regression analysis, no significant differ-
ence in 30- day mortality or 30- day readmission was observed 
between admissions that received a discharge bundle and those 
that did not receive a discharge bundle (figure 2D and online 
supplemental table S11).

Sensitivity analysis
Repeating the discharge bundle analysis without ‘not clear’ 
responses made no material difference to the odds of 30- day 
mortality and readmission (data available on request).

Repeating the specialist review analyses including patients 
who died during their admission (summary statistics by each 
specialist review exposure definition are shown in online supple-
mental tables S12- S14) and therefore, examining mortality in 
the full 30- day period following admission, did result in changes 
to the odds of 30- day mortality. However, the only statistically 
significant result was found for patients who received a specialist 
review at any time, who had 18% lower odds (OR: 0.82 (95% 
CI 0.72 to 0.94)) of 30- day death than patients who did not 
receive a specialist review (figure 3 and online supplemental 
table S15). Limiting mortality to inpatient mortality only, the 
effect of specialist review was even stronger with patients who 
received a specialist review at any time during admission having 
31% lower odds (OR: 0.69 (95% CI 0.58 to 0.81)) of inpatient 
death (figure 3 and online supplemental table S15).

When using 90- day mortality and 90- day readmission as study 
outcomes, review within 24 hours of admission was signifi-
cantly associated with 90- day mortality, with patients reviewed 
within 24 hours having 16% greater odds of dying within 90 
days (OR: 1.16 (95% CI 1.05 to 1.28)) (online supplemental 
table S7). Patients who were reviewed by a respiratory specialist 
also had 20% higher odds (OR: 1.20 (95% CI 1.06 to 1.36)) 
of dying within 90 days than patients who were not reviewed 

Admission 
conformed to COPD 
BPT

Admission did not conform to 
COPD BPT

N=10 530 N=17 815

n (%) n (%)

  Severe mental illness 674 (6.4%) 1102 (6.2%)

DECAF score

  Low risk (0–1) 1650 (15.7%) 568 (3.2%)

  Intermediate risk (2) 677 (6.4%) 330 (1.9%)

  High risk (3–6) 468 (4.4%) 237 (1.3%)

  No data 7735 (73.5%) 16 680 (93.6%)

Spirometry: FEV1/FVC 
ratio

  ≥0.7 507 (4.8%) 866 (4.9%)

  <0.7 4253 (40.4%) 4884 (27.4%)

  Invalid (<0.2 or >1.0) 83 (0.8%) 115 (0.7%)

  No data 5687 (54.0%) 11 950 (67.1%)

Outcomes

  Patient died within 30 
days of admission

285 (2.7%) 461 (2.6%)

  Patient readmitted 
within 30 days of 
discharge

2659 (25.3%) 4577 (25.7%)

BPT, best practice tariff; COPD, chronic obstructive pulmonary disease; DECAF, 
Dyspnoea, Eosinopenia, Consolidation, Acidaemia and atrial Fibrillation; FEV1, 
forced expiratory volume in one second; FVC, forced vital capacity; IMD, English 
Index of Multiple Deprivation; NIV, non- invasive ventilation; WIMD, Welsh Index of 
Multiple Deprivation.

Table 1 Continued

Figure 1 Forest plot of adjusted ORs and 95% CIs for 30- day post- 
admission mortality and 30- day post- discharge readmission for people 
discharged from hospital following acute exacerbation of COPD whose 
admissions conformed to the COPD Best Practice Tariff (BPT) relative to 
those whose admissions did not conform to the COPD BPT. Values <1 
favour conforming to the BPT; values >1 favour not conforming to the 
BPT.

4 Stone PW, et al. Thorax 2021;0:1–8. doi:10.1136/thoraxjnl-2021-216880

 on July 27, 2021 at U
C

L Library S
ervices. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2021-216880 on 16 July 2021. D

ow
nloaded from

 

https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
https://dx.doi.org/10.1136/thoraxjnl-2021-216880
http://thorax.bmj.com/


Chronic obstructive pulmonary disease

by a respiratory specialist (online supplemental table S8), and 
patients who were reviewed within 24 hours had 13% higher 
odds (OR: 1.13 (95% CI 1.01 to 1.26)) of dying within 90 
days than patients who were reviewed in >24 hours (online 

.7 .8 .9 1 1.1 1.2 1.3 1.4 1.5
Odds ratio

A.) Specialist review within 24 hours of admission

.7 .8 .9 1 1.1 1.2 1.3 1.4 1.5
Odds ratio

B.) Specialist review at any time during admission

.7 .8 .9 1 1.1 1.2 1.3 1.4 1.5
Odds ratio

C.) Specialist review within 24 hours of admission (if reviewed)

.7 .8 .9 1 1.1 1.2 1.3 1.4 1.5
Odds ratio

D.) Discharge bundle

30-day mortality (post-admission)
30-day readmission (post-discharge)

Figure 2 Forest plot of adjusted ORs and 95% CIs for 30- day post- 
admission mortality and 30- day post- discharge readmission for people 
discharged from hospital following acute exacerbation of COPD who: 
(A) received a respiratory specialist review within 24 hours of admission 
relative to those who did not receive a review or received a review in 
>24 hours of admission; (B) received a respiratory specialist review 
at any time during admission relative to those who did not receive a 
respiratory specialist review at any point during admission; (C) received 
a respiratory specialist review in ≤24 hours of admission relative to 
those who received a respiratory specialist review in >24 hours of 
admission; (D) received a discharge bundle relative to those who did not 
receive a discharge bundle. Values <1 favour the intervention; values >1 
favour not receiving the intervention.

.6 .7 .8 .9 1 1.1 1.2
Odds ratio

A.) Specialist review within 24 hours of admission

.6 .7 .8 .9 1 1.1 1.2
Odds ratio

B.) Specialist review at any time during admission

.6 .7 .8 .9 1 1.1 1.2
Odds ratio

C.) Specialist review within 24 hours of admission (if reviewed)

30-day mortality (post-admission)
Inpatient mortality

Figure 3 Forest plot of adjusted ORs and 95% CIs for 30- day post- 
admission mortality and inpatient mortality for patients admitted to 
hospital with acute exacerbation of COPD (ie, the full audit cohort 
including patients who died as an inpatient or self- discharged) who: (A) 
received a respiratory specialist review within 24 hours of admission 
relative to those who did not receive a review or received a review in 
>24 hours of admission; (B) received a respiratory specialist review 
at any time during admission relative to those who did not receive a 
respiratory specialist review at any point during admission; (C) received 
a respiratory specialist review in ≤24 hours of admission relative to 
those who received a respiratory specialist review in >24 hours of 
admission. Values <1 favour the intervention; values >1 favour not 
receiving the intervention.
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supplemental table S9). There was no material difference in 
mortality or readmissions at 90 days compared with 30 days for 
patients who received a discharge bundle (online supplemental 
table S11).

In the analysis using only English hospitals, there was no 
material difference in 30- day outcome results; however, there 
were some changes in significance for 90- day outcome results. 
Patients had 12% lower odds (OR: 0.88 (95% CI 0.79 to 0.98)) 
of death within 90 days if they received a discharge bundle 
and patients who received a specialist review within 24 hours 
(relative to those who received a review in >24 hours) were no 
longer significantly likely (OR: 1.11 (95% CI 0.99 to 1.24)) to 
die within 90 days of admission (online supplemental table S16).

In the analysis comparing hospitals where ≥60% of admis-
sions conformed to the COPD BPT and hospitals where <60% 
of admissions conformed, we did not find a significant difference 
in outcomes between the two groups (online supplemental table 
S17).

DISCUSSION
In this study, we did not find an association between the combi-
nation of the two criteria (specialist review within 24 hours and 
receipt of a discharge bundle) of the English COPD BPT pay- 
for- performance scheme and a reduction in 30- day (postadmis-
sion) mortality or 30- day (postdischarge) readmissions among 
people discharged from hospital following AECOPD. While 
the BPT was not designed to reduce mortality or readmission 
rates specifically, rather the intention was to promote better 
quality patient care, it might be anticipated that better patient 
care should in turn lead to better outcomes of readmission and 
mortality. In further analysis, when individually examining the 
two COPD BPT components, we also did not find an associa-
tion between being reviewed by a respiratory specialist within 
24 hours or receiving a discharge bundle and 30- day mortality 
or readmissions. However, when we included patients who died 
as an inpatient, we found that having a specialist review at any 
time during the admission was associated with 18% lower odds 
of 30- day mortality and 31% lower odds of inpatient mortality. 
This suggests that specialist review at any point during an admis-
sion is beneficial for inpatient mortality but does not improve 
mortality after discharge. When repeating the analysis using 
90- day outcomes, patients who were reviewed by a specialist 
within 24 hours of admission had greater odds of dying within 
90 days than those who were not reviewed or were reviewed 
after 24 hours. The most likely explanation for this is that there 
is important confounding from admission severity that we have 
not been able to adjust for and that, appropriately, the sicker 
patients are being reviewed in priority to those who are less 
unwell. In fact, given that patients seen by a respiratory specialist 
were more frequently prescribed oxygen and required NIV, 
respiratory specialist review may simply be a proxy for admis-
sion severity.

While it is difficult to argue that discharge bundles do not 
increase best- practice care, this analysis raises concern that while 
the right boxes are being ticked in the audit, there is not always 
effective intervention. We can measure conformance to the BPT, 
but we cannot measure the quality of the delivery of its compo-
nents. For example, the bundle component of inhaler technique 
check will not provide any benefit if the inhaler is used poorly 
by the patient and optimal use is not then demonstrated and 
confirmed by the medical team, with a switch to an alterna-
tive device as appropriate. It is possible that some hospitals or 
members of the multiprofessional team may consider a bundle 

complete if just a few of the items have been completed, while 
others may complete all bundle items without realising and state 
that a bundle has not been completed. For example, results from 
the most recent COPD audit28 show that 74% of admissions 
were described as having received a discharge bundle, yet the 
patient was assessed for suitability for pulmonary rehabilitation 
in only 56% of admissions. We performed a sensitivity analysis, 
limiting our analysis to just English hospitals to exclude hospitals 
ineligible to participate in the BPT in case recording of data was 
better in those participating in the BPT. However, other than a 
possible suggestion that a discharge bundle was beneficial for 
90- day mortality, no material difference was found. One possible 
reason for not seeing a benefit from the COPD BPT could be 
that benefits from some of the bundle items, such as smoking 
cessation and pulmonary rehabilitation, are not seen until after a 
longer period than 30 days, or the benefits are manifest in other 
ways (such as improved quality of life) that are not captured 
by readmission or mortality outcomes. It may also be possible 
that there is an indirect beneficial effect of the COPD BPT in 
the form of increased financial investment in respiratory teams 
as part of the focus to meet the BPT requirements. This may 
have helped to improve quality of care in COPD admissions. 
These are important aspects that this analysis cannot address and 
deserve further study.

While there have not been any previous studies of the COPD 
BPT pay- for- performance scheme, studies of the COPD BPT 
components have been completed. A systematic review17 of 
COPD discharge bundles found that they did not significantly 
improve mortality or quality of life and only weak evidence for 
a reduction in readmissions. A more recent literature review29 
concluded that it was inconclusive if COPD admission or 
discharge care bundles reduced readmissions, and that further 
study was required. A recent UK study18 found no evidence 
that COPD care bundles reduced 28- day readmission, although 
emergency department attendances did reduce after care bundles 
were implemented in hospitals. It was also found that not all 
items of the admission and discharge bundles were reliably 
completed. A recent French study30 also concluded that a COPD 
discharge care bundle had no impact on 28- day AECOPD read-
mission or mortality. However, one recent US study31 found 
that all- cause readmissions reduced after implementing a COPD 
care bundle. It is worth noting that all these bundle studies have 
comparatively small numbers of included patients and generally 
compare outcomes at a population- level rather than the patient- 
level as we have done in this study. No formal assessment of 
publication bias was conducted in the literature reviews17 29 due 
to the limited number of published randomised controlled trials 
and it is possible there is resultant publication bias.

Timely receipt of respiratory specialist input in AECOPD 
admissions has not been as extensively studied as COPD discharge 
bundles; however, a study in North East England32 found that 
after implementing a model that ensured respiratory specialists 
were available 24 hours a day, 7 days a week, 30- day mortality 
decreased. An increase in 90- day (but not 30- day) readmissions 
was also observed. Again, this study compared population- level 
figures at two time points, which could explain differences from 
our study.

Although there are no prior studies of the COPD BPT, studies 
have examined the impact of the hip fracture BPT on patient 
outcomes. The hip fracture BPT is another pay- for- performance 
scheme in England, similar to the COPD BPT, that aims to 
improve care quality for hip fractures. Oakley et al33 compared 
admissions before and after the introduction of the hip fracture 
BPT, BPT compliant and BPT noncompliant admissions. They 
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found that the hip fracture BPT did not lead to any improvements 
at the organisational level (pre- BPT vs post- BPT), however, at the 
patient- level, mortality was significantly reduced (BPT vs non- 
BPT admissions). Survival analysis also found a significant long- 
term survival benefit for BPT conforming admissions. Whitaker 
et al34 similarly found that 1- year survival was significantly 
better in BPT conforming admissions. Metcalfe et al35 compared 
admissions in England and Scotland following the introduction 
of the BPT (which only applies to England) and found that there 
was a greater reduction in mortality, readmissions and length of 
hospital stay during the BPT period in England than in Scotland. 
It should be noted that the hip fracture BPT has the definitive 
intervention of surgery that is not present in the COPD BPT, so 
the two may not necessarily be comparable.

The value of pay- for- performance schemes has been investi-
gated in other healthcare settings;6–8 however, it is difficult to 
draw direct comparisons given differences in healthcare delivery 
and pay- for- performance models that exist. While financial 
incentives are often seen as being a key element in changing clin-
ical practice, pay- for- performance does not always lead to better 
easily measurable outcomes. For example, financial incentives 
may lead to better overall investment, with effective implemen-
tation of components of pay- for- performance schemes them-
selves difficult to measure.

The primary strength of this analysis comes from the number 
of patients included. However, this study does have limitations. 
We have used adjustment to attempt to control for differences 
between BPT admissions and non- BPT admissions. However, 
our results suggest that there is unmeasured confounding from 
admission severity. It may also be that there is confounding from 
other factors related to the admission such as COPD disease 
severity, exacerbation frequency and patient frailty. These are 
all possible confounders that we unfortunately do not have 
available data on to be able to adjust for and could possibly 
explain why we have not been able to find an association 
between the COPD BPT and mortality or readmission. Another 
possible limitation is that we have used all- cause readmissions 
as our outcome rather than just AECOPD admissions. It is not 
clear whether the BPT or discharge bundle aims to reduce just 
AECOPD readmissions or any readmissions. However, over 
50% of the readmissions in our study were for either AECOPD 
or pneumonia and some of the other studies discussed used 
all- cause readmission as an outcome too.18 31 A limitation of 
the data set that we used is that it is not clear which specific 
elements of the discharge bundle have been completed, we are 
simply provided with a binary ‘yes, bundle completed’ response 
and as Morton et al18 noted, certain elements of the discharge 
bundle are not always well completed.

In conclusion, we found that documentation of conforming to 
the COPD BPT pay- for- performance scheme criteria or receipt 
of a discharge care bundle alone does not appear to be asso-
ciated with a reduction in mortality or readmission. However, 
receiving a respiratory specialist review at any point during an 
admission was associated with lower inpatient mortality. Further 
thought and work is needed to better understand the benefits 
of pay- for- performance models. The COPD BPT and other 
financial incentive schemes should be specific in the outcomes 
they want to improve, so that interventions with the strongest 
evidence base can be financially incentivised. If the COPD BPT 
is failing to have the desired improvement to patient outcomes 
because of failure to adequately complete all COPD discharge 
bundle components, it may be sensible to add each bundle item 
to the COPD BPT separately rather than including them under 
the single requirement of ‘COPD discharge bundle’.
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Supplementary Methods 

Database/population 

The National Asthma and COPD Audit Programme (NACAP) reports care received by patients 

admitted to hospitals in England and Wales for acute exacerbations of COPD (AECOPD). In 2017 the 

audit switched to continual data collection. All acute hospitals in England and Wales were eligible to 

participate (Scotland joined the audit in 2018), and out of 197 eligible hospitals, 182 (92%) 

participated in data collection. The first report on these prospective data was published in 2018 

including analysis for patients discharged between commencement of the audit and 13/09/2017. 

Further details of the audit methodology and results can be found in the published report(1) and a 

paper describing the longitudinal evolution of national COPD audit in the UK(2). 

In 2019, a follow-up report was published. In this, longer-term outcomes – 30- and 90-day mortality 

and readmission – of the admissions included in the original 2017 audit report were assessed. All 

patients admitted to audit-participating hospitals for AECOPD on or after 01/02/2017 and 

discharged by 13/09/2017 had details of their admission linked with mortality data from the UK 

Office for National Statistics (ONS)(3) and admissions data from England’s Hospital Episode Statistics 

(HES) Admitted Patient Care (APC)(4) or Wales’ Patient Episode Database for Wales (PEDW)(5). The 

data linkage was performed by NHS Digital (application reference: DARS-NIC-349273-T3L4K-v3.7) 

and NHS Wales Informatics Service (NWIS) (application reference: 29892); national opt-outs were 

upheld. Pseudonymised linked data were sent via secure file transfer to Imperial College London for 

analysis. After data cleaning to remove patients under the age of 35 years and admissions with an 

impossible chronology, the dataset was limited to the first admission for each patient in the audit 

period. This left a dataset of 30,294 patients. This dataset was used to conduct our analysis; further 

details can be found in the audit outcomes report(6). 

Variables 

The primary exposure in this study was conforming to the COPD Best Practice Tariff (BPT). An 

admission was considered to have conformed to the BPT if a patient received a respiratory specialist 

review ≤24 hours after admission and a COPD discharge bundle at or before discharge. The nature of 

that discharge bundle was left to individual hospitals. Admissions where the patient was not 

reviewed by a respiratory specialist were included in the same category as admissions that received 

a respiratory specialist review >24 hours after admission. Admissions where ‘not clear’ was the 
chosen response to ‘Has a BTS, or equivalent, discharge bundle been completed for this admission?’ 
were considered to have not received a discharge bundle. The two components of the COPD BPT 

(specialist review within 24 hours and discharge bundle) were also considered separately as 

individual exposures in secondary analyses. 

Patients who died during their admission or self-discharged were excluded from analyses as these 

patients are unlikely to have been able to receive a discharge bundle and it would be unfair to 

include these admissions in our assessment of conformation to the COPD BPT. Patients with ‘other’ 
as the response to whether they received a discharge bundle or not were also excluded from 

analysis. 

The outcomes of admissions that were examined in this study were 30-day mortality and 30-day 

readmissions. The patient was considered to have died within 30 days of admission if there was an 

ONS death record <30 days after their admission date (as inpatient deaths were excluded this means 

that our definition of 30-day mortality represents a variable period after discharge dependent on the 

length of stay). The data received by us only contained 30-day mortality in a binary format (yes/no 
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patient died within 30 days of admission) therefore we are unable to calculate 30-day post-discharge 

mortality. The patient was considered to have been readmitted within 30 days of discharge if there 

was a HES APC or PEDW admission record for any type of emergency hospital admission <30 days 

after discharge. 

Potential confounders used in the analysis were age, sex, socioeconomic status (SES), oxygen 

needed during admission, non-invasive ventilation (NIV) administered during admission, length of 

stay, smoking status, Charlson comorbidity index (CCI), and a history of mental illness. Respiratory 

specialist review was included as an additional confounder in analyses of the COPD discharge bundle 

as we hypothesised that individuals that had received a specialist review were more likely to receive 

a discharge bundle. SES was defined using quintile of English Index of Multiple Deprivation (IMD) or 

Welsh Index of Multiple Deprivation (WIMD). IMD and WIMD are measures of relative deprivation 

between small areas of England and Wales, respectively(7,8). Quintile of IMD/WIMD was calculated 

for each patient based on their home postcode. Length of stay was split into quintile of number of 

days between admission and discharge. Smoking status was coded as current, ex, never, or not 

recorded. CCI was calculated using ICD-10 codes as defined by Quan et al.(9,10). All patients were 

assumed to have a CCI of at least 1 as they were admitted for AECOPD. Age was excluded from the 

CCI as it was used individually as a covariate. Mental health diagnoses were categorised as no mental 

illness, mild/moderate mental illness, or severe mental illness. Mild/moderate mental illness was 

classified as a secondary diagnosis of either depression or anxiety (see Supplementary Table S1 for 

ICD-10 codes) during the admission. Severe mental illness was classified as a secondary diagnosis of 

any schizophrenia, bipolar or other psychotic disorders (see Supplementary Table S2 for ICD-10 

codes) during the admission 

Statistical analysis 

All data management and statistical analyses were performed using Stata 15 (StataCorp, College 

Station, TX, USA). Data were first summarised using means and proportions where appropriate. In 

our primary analysis to investigate association between an admission conforming to the COPD BPT 

(receiving specialist review within 24 hours and receiving a discharge bundle) and 30-day (from 

admission) mortality and 30-day (from discharge) readmission we used mixed-effects logistic 

regression (xtlogit command, ‘re’ option) with a random intercept for hospital to account for 

clustering of patients within hospitals. Odds ratios with 95% confidence intervals were generated for 

each outcome. After univariate analysis, regression models were adjusted by including the potential 

confounders described above as covariates in the model. 

Secondary analyses were performed using specialist review within 24 hours and receipt of a 

discharge bundle as the independent variables in place of conformation to the BPT to test the 

individual components of the BPT. Additionally, we further tested the components of the specialist 

review within 24 hours variable: patients that either did or did not have a specialist review, and for 

patients that did have a review, those who had one in ≤24 hours and those that had one in >24 

hours. 

Missing data were minimal for variables included in regression models and where data were missing, 

complete case analysis was used. Odds ratio graphs were generated using coefplot(11). 

Sensitivity analyses 

We repeated the discharge bundle analysis excluding ‘not clear’ responses to the ‘Has a BTS, or 

equivalent, discharge bundle been completed for this admission?’ question to determine if there 

was a strengthening of the effect of a discharge bundle on the outcomes if it was known for certain 

whether a patient received a bundle or not. We also repeated the specialist review analyses using 
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the full audit cohort (including patients that died as an inpatient or self-discharged) to determine if 

specialist review was associated with mortality in the full 30-day period from admission or inpatient 

mortality. Additionally, we repeated the analysis using 90-day mortality and 90-day readmissions as 

the outcomes. This was to examine if the benefits of the COPD BPT were not detectable until 

sufficient time had passed for all elements of the discharge bundle to be completed (such as 

smoking cessation and pulmonary rehabilitation). We also ran the analysis without Welsh hospitals, 

as these are not eligible to participate in the BPT, to see if there was any change in patient 

outcomes. Finally, we examined if there was any difference in patient outcomes between hospitals 

that met the 60% target for BPT conforming admissions and hospitals that did not meet the target. 

Ethical approval 

The audit operates under Section 251 approval from the Confidentiality Advisory Group (CAG) of the 

Health Research Authority (HRA). The reference number is CAG-8-06(b)/2013. This approval also 

grants the Royal College of Physicians permission to link audit data to externally held sources of data 

(using patient identifiable data items) for derivation of longer-term outcomes of the patient cohort. 

A record of the approval can be found at: https://www.hra.nhs.uk/about-the-hra/our-

committees/section-251/cag-advice-and-approval-decisions (April 2013 onwards; non research). The 

data sharing agreement with NHS digital (DARS-NIC-349273-T3L4K-v3.7) also permits publication of 

aggregated patient data in peer-reviewed journals. Additional approval for this specific project was 

sought from HQIP following NACAP processes through an Extended Scope Output form. 
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Supplementary Results 

The COPD BPT individual components 

Respiratory specialist review 

53% of admissions were reviewed by a respiratory specialist within 24 hours (Supplementary Table 

S4). Patients that received a respiratory specialist review within 24 hours, compared with patients 

who did not receive a respiratory specialist review or received a review in >24 hours, were slightly 

younger (71.3 vs 73.0 years), had more prescribed oxygen (59.5% vs. 49.6%), more NIV administered 

(11.7% vs. 6.0%), more smoking status recorded (93.9% vs 87.0%), more likely to have DECAF score 

recorded (19.7% vs. 7.3%), and more spirometry results available (43.5% vs. 31.3%) (Supplementary 

Table S4). 

24% of patients did not receive a respiratory specialist review at all (Supplementary Table S5). Of 

the 76% of patients who did receive a review, 69% were within 24 hours of admission, meaning that 

31% of reviewed patients had to wait more than 24 hours for a review (Supplementary Table S6). 

Patients who received a respiratory specialist review, compared with patients who did not receive a 

specialist review at all, had more prescribed oxygen (59.7% vs. 39.2%), more NIV administered 

(11.3% vs.1.7%), fewer hospital stays of 0-1 days (19.5% vs. 48.4%), more hospital stays of 9 or more 

days (20.9% vs. 10.4%), more smoking status recorded (93.5% vs. 81.4%), more DECAF score 

recorded (17.7% vs. 1.5%), and more spirometry results recorded (41.7% vs. 24.9%) (Supplementary 

Table S5). Patients who received a respiratory specialist review within 24 hours of admission, 

compared with patients who received a specialist review in >24 hours of admission, had more 

hospital stays of 0-1 days (25.9% vs. 5.2%) and fewer hospital stays of 9 or more days (17.6% vs. 

28.2%) (Supplementary Table S6). 

In mixed-effects logistic regression analysis, we found no significant difference in 30-day mortality or 

30-day readmission between admissions that were reviewed by a respiratory specialist within 24 

hours and those that were not reviewed or reviewed in >24 hours (Figure 2a/Supplementary Table 

S7). We also did not find a significant difference in 30-day mortality or 30-day readmission between 

patients who did and did not receive a specialist review (Figure 2b/Supplementary Table S8) and 

neither did we find a significant difference in either outcome between patients who received a 

review within 24 hours and those who received a review in >24 hours (Figure 2c/Supplementary 

Table S9). 

COPD discharge care bundle 

54% of admissions received a discharge bundle (Supplementary Table S10). Patients who received a 

discharge bundle, compared with patients who did not receive a discharge bundle, had more 

prescribed oxygen (60.1% vs. 48.8%), more NIV administered (10.5% vs. 7.3%), fewer hospital stays 

of 0-1 days (20.2% vs. 33.5%), more hospital stays of 9 or more days (20.6% vs. 15.8%), more 

smoking status recorded (95.2% vs. 85.4%), more DECAF score recorded (24.1% vs. 1.9%), and more 

spirometry results available (44.1% vs. 30.4%) (Supplementary Table S10). 

In mixed-effects logistic regression analysis, no significant difference in 30-day mortality or 30-day 

readmission was observed between admissions that received a discharge bundle and those that did 

not receive a discharge bundle (Figure 2d/Supplementary Table S11). 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Thorax

 doi: 10.1136/thoraxjnl-2021-216880–8.:10 2021;Thorax, et al. Stone PW



Supplementary References 
1.  Stone RA, McMillan V, Mortier K, Holzhauer-Barrie J, Riordan J, Stone P, et al. COPD: Working 

together. National Chronic Obstructive Pulmonary Disease (COPD) Audit Programme: Clinical 

audit of COPD exacerbations admitted to acute hospitals in England and Wales 2017. Data 

analysis and methodology. [Online] RCP, 2018 Apr. Available from: 

https://www.rcplondon.ac.uk/projects/outputs/copd-working-together-clinical-audit-2017 

2.  Hurst JR, Quint JK, Stone RA, Silove Y, Youde J, Roberts CM. National clinical audit for 

hospitalised exacerbations of COPD. ERJ Open Research. [Online] European Respiratory Society; 

2020;6(3). Available from: doi:10.1183/23120541.00208-2020 [Accessed: 13th October 2020] 

3.  NHS Digital. Linked HES-ONS mortality data. [Online] NHS Digital. Available from: 

https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/linked-hes-

ons-mortality-data [Accessed: 25th November 2019] 

4.  NHS Digital. Hospital Episode Statistics (HES). [Online] NHS Digital. Available from: 

https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/hospital-

episode-statistics [Accessed: 25th November 2019] 

5.  NHS Wales. Patient Episode Database for Wales (PEDW). [Online] Available from: 

https://www.wales.nhs.uk/document/176173 [Accessed: 25th November 2019] 

6.  Hurst J, Stone RA, McMillan V, Mortier K, Shanahan L, Moussaif M, et al. Outcomes of patients 

included in the 2017 COPD clinical audit (patients with COPD exacerbations discharged from 

acute hospitals in England and Wales between February and September 2017). Audit report. 

[Online] RCP, 2019 May. Available from: 

https://www.nacap.org.uk/nacap/welcome.nsf/vwFiles/COPD-2017-

Outcomes/$File/COPD_Working_Together_Longer_Term_Outcomes_Report_2017.pdf?openele

ment 

7.  Department for Communities and Local Government. English indices of deprivation 2015. 

[Online] GOV.UK. Available from: https://www.gov.uk/government/statistics/english-indices-of-

deprivation-2015 [Accessed: 14th August 2019] 

8.  Welsh Government. Welsh Index of Multiple Deprivation (full Index update with ranks): 2014. 

[Online] GOV.WALES. Available from: https://gov.wales/welsh-index-multiple-deprivation-full-

index-update-ranks-2014 [Accessed: 14th August 2019] 

9.  Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic 

comorbidity in longitudinal studies: Development and validation. Journal of Chronic Diseases. 

[Online] 1987;40(5): 373–383. Available from: doi:10.1016/0021-9681(87)90171-8 

10.  Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi J-C, et al. Coding Algorithms for 

Defining Comorbidities in ICD-9-CM and ICD-10 Administrative Data. Medical Care. [Online] 

2005;43(11): 1130. Available from: doi:10.1097/01.mlr.0000182534.19832.83 

11.  Jann B. COEFPLOT: Stata module to plot regression coefficients and other results. [Online] Boston 

College Department of Economics; 2013. Available from: 

https://ideas.repec.org/c/boc/bocode/s457686.html [Accessed: 28th August 2019] 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Thorax

 doi: 10.1136/thoraxjnl-2021-216880–8.:10 2021;Thorax, et al. Stone PW



Supplementary Tables 
 

Supplementary Table S1. Mild/moderate mental illness (depression or anxiety) ICD-10 codes. All 

sub-codes were included for each code. 

ICD-10 Code Description 

F32 Depressive episode 

F33 Recurrent depressive disorder 

F34 Persistent mood [affective] disorders 

F38 Other mood [affective] disorders 

F39 Unspecified mood [affective] disorder 

F40 Phobic anxiety disorders 

F41 Other anxiety disorders 

 

 

 

Supplementary Table S2. Severe mental illness (schizophrenia, bipolar or other psychotic disorder) 

ICD-10 codes. All sub-codes were included for each code. 

ICD-10 Code Description 

F06 Other mental disorders due to brain damage and dysfunction and to physical disease 

F10 Mental and behavioural disorders due to use of alcohol 

F11 Mental and behavioural disorders due to use of opioids 

F12 Mental and behavioural disorders due to use of cannabinoids 

F13 Mental and behavioural disorders due to use of sedatives or hypnotics 

F14 Mental and behavioural disorders due to use of cocaine 

F15 Mental and behavioural disorders due to use of other stimulants, including caffeine 

F16 Mental and behavioural disorders due to use of hallucinogens 

F18 Mental and behavioural disorders due to use of volatile solvents 

F19 
Mental and behavioural disorders due to multiple drug use and use of other 
psychoactive substances 

F20 Schizophrenia 

F23 Acute and transient psychotic disorders 

F24 Induced delusional disorder 

F25 Schizoaffective disorders 

F28 Other nonorganic psychotic disorders 

F30 Manic episode 

F31 Bipolar affective disorder 

F60 Specific personality disorders 
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Supplementary Table S3. Odds ratios and 95% confidence intervals for mortality and readmission for 

people discharged from hospital following acute exacerbation of COPD whose admissions 

conformed to the COPD Best Practice Tariff (BPT) relative to those whose admissions did not 

conform to the COPD BPT. 

COPD BPT admission outcomes Odds ratio (95% CI)  
Adjusted* odds 
ratio (95% CI) 

Death within 30 days of admission 1.00 (0.85 – 1.18)  1.09 (0.92 – 1.29) 

Death within 90 days of admission 1.02 (0.92 – 1.12)  1.10 (0.99 – 1.22) 

Readmission within 30 days of discharge 0.96 (0.90 – 1.02)  0.96 (0.90 – 1.02) 

Readmission within 90 days of discharge 1.01 (0.96 – 1.07)  1.04 (0.98 – 1.10) 

*Adjusted for age, sex, socioeconomic status, oxygen requirement, non-invasive ventilation requirement, 
length of stay, smoking status, Charlson comorbidity index, and mental health diagnoses. 
Notes: Statistically significant results in bold. 
Abbreviations: BPT: Best Practice Tariff; CI: confidence interval; COPD: chronic obstructive pulmonary 
disease. 
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Supplementary Table S4. Demographics of and outcomes for people discharged from hospital following acute 

exacerbation of COPD who received a respiratory specialist review within 24 hours of admission and those 

who did not receive a review or received a review in more than 24 hours after admission. N=28,345 

 Patient reviewed within 
24 hours of admission 

Patient not reviewed or 
reviewed in >24 hours 

 N = 14,991 N = 13,354 
 n (%) n (%) 

Age (years)     

Mean (SD) 71.3 (10.5) 73.0 (11.0) 
     

Gender     

Male 6,939 (46.3%) 6,299 (47.2%) 
Female 8,052 (53.7%) 7,055 (52.8%) 

     

Quintile of IMD/WIMD   

1 (most deprived) 5,049 (33.7%) 4,204 (31.5%) 
2 3,573 (23.8%) 3,190 (23.9%) 
3 2,688 (17.9%) 2,543 (19.0%) 
4 2,074 (13.8%) 1,928 (14.4%) 
5 (least deprived) 1,473 (9.8%) 1,363 (10.2%) 
No data 134 (0.9%) 126 (0.9%) 

     

Oxygen prescription     
Not needed 2,642 (17.6%) 2,710 (20.3%) 
Not prescribed 3,424 (22.8%) 4,015 (30.1%) 
Prescribed 8,925 (59.5%) 6,629 (49.6%) 

     
NIV administered 1,754 (11.7%) 801 (6.0%) 
     
Length of stay quintile     

0-1 days 3,877 (25.9%) 3,579 (26.8%) 
2-3 days 3,699 (24.7%) 3,172 (23.8%) 
4-5 days 2,475 (16.5%) 2,173 (16.3%) 
6-8 days 2,301 (15.4%) 1,855 (13.9%) 
9+ days 2,639 (17.6%) 2,575 (19.3%) 

     
Smoking status     

Never smoked 430 (2.9%) 558 (4.2%) 
Ex-smoker 8,596 (57.3%) 7,199 (53.9%) 
Current smoker 5,058 (33.7%) 3,863 (28.9%) 
Not recorded 907 (6.1%) 1,734 (13.0%) 

     

Charlson Comorbidity Index     

1 7,630 (50.9%) 6,005 (45.0%) 
2 3,677 (24.5%) 3,431 (25.7%) 
3 1,936 (12.9%) 1,904 (14.3%) 
4 929 (6.2%) 1,000 (7.5%) 
5 462 (3.1%) 521 (3.9%) 
6 159 (1.1%) 221 (1.7%) 
7+ 198 (1.3%) 272 (2.0%) 

     

Mental health diagnoses     

No mental illness 11,859 (79.1%) 10,797 (80.9%) 
Mild/moderate mental illness 2,176 (14.5%) 1,737 (13.0%) 
Severe mental illness 956 (6.4%) 820 (6.1%) 

     

DECAF score   

Low risk (0-1) 1,729 (11.5%) 489 (3.7%) 
Intermediate risk (2) 733 (4.9%) 274 (2.1%) 
High risk (3-6) 494 (3.3%) 211 (1.6%) 
No data 12,035 (80.3%) 12,380 (92.7%) 

     

Spirometry: FEV1/FVC ratio   

≥ 0.7 751 (5.0%) 622 (4.7%) 
< 0.7 5,666 (37.8%) 3,471 (26.0%) 
Invalid (< 0.2 or > 1.0) 111 (0.7%) 87 (0.7%) 
No data 8,463 (56.5%) 9,174 (68.7%) 

     

Outcomes     
Patient died within 30 days of admission 401 (2.7%) 345 (2.6%) 
Patient readmitted within 30 days of discharge 3,763 (25.1%) 3,473 (26.0%) 

Abbreviations: DECAF: Dyspnoea, Eosinopenia, Consolidation, Acidaemia and atrial Fibrillation; FEV1: Forced expiratory 
volume in one second; FVC: Forced vital capacity; IMD: English Index of Multiple Deprivation; NIV: non-invasive ventilation; SD: 
standard deviation; WIMD: Welsh Index of Multiple Deprivation. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Thorax

 doi: 10.1136/thoraxjnl-2021-216880–8.:10 2021;Thorax, et al. Stone PW



Supplementary Table S5. Demographics of and outcomes for people discharged from hospital following acute 

exacerbation of COPD who received a respiratory specialist review at any time during admission and those 

who did not receive a review at any point during admission. N=28,345 

  

Patient received a 
respiratory specialist review 

Patient did not receive a 
respiratory specialist review 

N = 21,666 N = 6,679 

n (%) n (%) 

Age (years)         
Mean (SD) 71.8 (10.5) 73.2 (11.3) 

          
Gender         

Male 9,962 (46.0%) 3,276 (49.1%) 
Female 11,704 (54.0%) 3,403 (51.0%) 

          
Quintile of IMD/WIMD   

1 (most deprived) 7,087 (32.7%) 2,166 (32.4%) 
2 5,187 (23.9%) 1,576 (23.6%) 
3 3,979 (18.4%) 1,252 (18.8%) 
4 3,033 (14.0%) 969 (14.5%) 
5 (least deprived) 2,182 (10.1%) 654 (9.8%) 
No data 198 (0.9%) 62 (0.9%) 

     
Oxygen prescription         

Not needed 3,664 (16.9%) 1,688 (25.3%) 
Not prescribed 5,069 (23.4%) 2,370 (35.5%) 
Prescribed 12,933 (59.7%) 2,621 (39.2%) 

          
NIV administered 2,443 (11.3%) 112 (1.7%) 
     
Length of stay quintile     

0-1 days 4,225 (19.5%) 3,231 (48.4%) 
2-3 days 5,359 (24.7%) 1,512 (22.6%) 
4-5 days 3,961 (18.3%) 687 (10.3%) 
6-8 days 3,601 (16.6%) 555 (8.3%) 
9+ days 4,520 (20.9%) 694 (10.4%) 

          
Smoking status         

Never smoked 643 (3.0%) 345 (5.2%) 
Ex-smoker 12,540 (57.9%) 3,255 (48.7%) 
Current smoker 7,084 (32.7%) 1,837 (27.5%) 
Not recorded 1,399 (6.5%) 1,242 (18.6%) 

          
Charlson Comorbidity Index         

1 10,660 (49.2%) 2,975 (44.5%) 
2 5,431 (25.1%) 1,677 (25.1%) 
3 2,894 (13.4%) 946 (14.2%) 
4 1,382 (6.4%) 547 (8.2%) 
5 707 (3.3%) 276 (4.1%) 
6 272 (1.3%) 108 (1.6%) 
7+ 320 (1.5%) 150 (2.3%) 

          
Mental health diagnoses         

No mental illness 17,185 (79.3%) 5,471 (81.9%) 
Mild/moderate mental illness 3,100 (14.3%) 813 (12.2%) 
Severe mental illness 1,381 (6.4%) 395 (5.9%) 

          
DECAF score   

Low risk (0-1) 2,167 (10.0%) 51 (0.8%) 
Intermediate risk (2) 980 (4.5%) 27 (0.4%) 
High risk (3-6) 683 (3.2%) 22 (0.3%) 
No data 17,836 (82.3%) 6,579 (98.5%) 

          
Spirometry: FEV1/FVC ratio   

≥ 0.7 1,093 (5.0%) 280 (4.2%) 
< 0.7 7,787 (35.9%) 1,350 (20.2%) 
Invalid (< 0.2 or > 1.0) 166 (0.8%) 32 (0.5%) 
No data 12,620 (58.3%) 5,017 (75.1%) 

          
Outcomes     

Patient died within 30 days of admission 583 (2.7%) 163 (2.4%) 
Patient readmitted within 30 days of discharge 5,609 (25.9%) 1,627 (24.4%) 

Abbreviations: DECAF: Dyspnoea, Eosinopenia, Consolidation, Acidaemia and atrial Fibrillation; FEV1: Forced expiratory volume in one second; FVC: Forced vital 
capacity; IMD: English Index of Multiple Deprivation; NIV: non-invasive ventilation; SD: standard deviation; WIMD: Welsh Index of Multiple Deprivation. 
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Supplementary Table S6. Demographics of and outcomes for people discharged from hospital following acute 

exacerbation of COPD who received a respiratory specialist review within 24 hours of admission and those 

who received a respiratory specialist >24 hours after admission. N=21,666 

  

Patient reviewed in ≤24 
hours of admission 

Patient reviewed in >24 
hours of admission 

N = 14,991 N = 6,675 

n (%) n (%) 

Age (years)         
Mean (SD) 71.3 (10.5) 72.8 (10.6) 

          
Gender         

Male 6,939 (46.3%) 3,023 (45.3%) 
Female 8,052 (53.7%) 3,652 (54.7%) 

          
Quintile of IMD/WIMD   

1 (most deprived) 5,049 (33.7%) 2,038 (30.8%) 
2 3,573 (23.8%) 1,614 (24.4%) 
3 2,688 (17.9%) 1,291 (19.5%) 
4 2,074 (13.8%) 959 (14.5%) 
5 (least deprived) 1,473 (9.8%) 709 (10.7%) 
No data 134 (0.9%) 64 (1.0%) 

          
Oxygen prescription         

Not needed 2,642 (17.6%) 1,022 (15.3%) 
Not prescribed 3,424 (22.8%) 1,645 (24.6%) 
Prescribed 8,925 (59.5%) 4,008 (60.0%) 

          
NIV administered 1,754 (11.7%) 689 (10.3%) 
     
Length of stay quintile     

0-1 days 3,877 (25.9%) 348 (5.2%) 
2-3 days 3,699 (24.7%) 1,660 (24.9%) 
4-5 days 2,475 (16.5%) 1,486 (22.3%) 
6-8 days 2,301 (15.4%) 1,300 (19.5%) 
9+ days 2,639 (17.6%) 1,881 (28.2%) 

          
Smoking status         

Never smoked 430 (2.9%) 213 (3.2%) 
Ex-smoker 8,596 (57.3%) 3,944 (59.1%) 
Current smoker 5,058 (33.7%) 2,026 (30.4%) 
Not recorded 907 (6.1%) 492 (7.4%) 

          
Charlson Comorbidity Index         

1 7,630 (50.9%) 3,030 (45.4%) 
2 3,677 (24.5%) 1,754 (26.3%) 
3 1,936 (12.9%) 958 (14.4%) 
4 929 (6.2%) 453 (6.8%) 
5 462 (3.1%) 245 (3.7%) 
6 159 (1.1%) 113 (1.7%) 
7+ 198 (1.3%) 122 (1.8%) 

          
Mental health diagnoses         

No mental illness 11,859 (79.1%) 5,326 (79.8%) 
Mild/moderate mental illness 2,176 (14.5%) 924 (13.8%) 
Severe mental illness 956 (6.4%) 425 (6.4%) 

          
DECAF score   

Low risk (0-1) 1,729 (11.5%) 438 (6.6%) 
Intermediate risk (2) 733 (4.9%) 247 (3.7%) 
High risk (3-6) 494 (3.3%) 189 (2.8%) 
No data 12,035 (80.3%) 5,801 (86.9%) 

          
Spirometry: FEV1/FVC ratio   

≥ 0.7 751 (5.0%) 342 (5.1%) 
< 0.7 5,666 (37.8%) 2,121 (31.8%) 
Invalid (< 0.2 or > 1.0) 111 (0.7%) 55 (0.8%) 
No data 8,463 (56.5%) 4,157 (62.3%) 

          
Outcomes     

Patient died within 30 days of admission 401 (2.7%) 182 (2.7%) 
Patient readmitted within 30 days of discharge 3,763 (25.1%) 1,846 (27.7%) 

Abbreviations: DECAF: Dyspnoea, Eosinopenia, Consolidation, Acidaemia and atrial Fibrillation; FEV1: Forced expiratory volume in one second; FVC: 
Forced vital capacity; IMD: English Index of Multiple Deprivation; NIV: non-invasive ventilation; SD: standard deviation; WIMD: Welsh Index of Multiple 
Deprivation. 
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Supplementary Table S7. Odds ratios and 95% confidence intervals for mortality and readmission for 

people discharged from hospital following acute exacerbation of COPD who received a respiratory 

specialist review within 24 hours of their admission relative to those who did not receive a review or 

received a review in >24 hours of admission.  

Review in 24 hours outcomes Odds ratio (95% CI)  
Adjusted* odds 
ratio (95% CI) 

Death within 30 days of admission 1.02 (0.87 – 1.19)  1.13 (0.96 – 1.33) 

Death within 90 days of admission 1.05 (0.95 – 1.15)  1.16 (1.05 – 1.28) 

Readmission within 30 days of discharge 0.94 (0.89 – 1.00)  0.95 (0.90 – 1.01) 

Readmission within 90 days of discharge 0.99 (0.94 – 1.04)  1.02 (0.97 – 1.08) 

*Adjusted for age, sex, socioeconomic status, oxygen requirement, non-invasive ventilation requirement, 
length of stay, smoking status, Charlson comorbidity index, and mental health diagnoses. 
Notes: Statistically significant results in bold. 
Abbreviations: AECOPD: acute exacerbation of chronic obstructive pulmonary disease; CI: confidence 
interval. 

 

 

 

Supplementary Table S8. Odds ratios and 95% confidence intervals for mortality and readmission for 

people discharged from hospital following acute exacerbation of COPD who received a respiratory 

specialist review at any time during their admission relative to those who did not receive a review at 

any point during admission. 

Received specialist review outcomes Odds ratio (95% CI)  
Adjusted* odds 
ratio (95% CI) 

Death within 30 days of admission 1.11 (0.92 – 1.33)  1.09 (0.89 – 1.33) 

Death within 90 days of admission 1.30 (1.16 – 1.46)  1.20 (1.06 – 1.36) 

Readmission within 30 days of discharge 1.10 (1.03 – 1.17)  0.99 (0.92 – 1.06) 

Readmission within 90 days of discharge 1.10 (1.04 – 1.17)  1.04 (0.98 – 1.11) 

*Adjusted for age, sex, socioeconomic status, oxygen requirement, non-invasive ventilation requirement, 
length of stay, smoking status, Charlson comorbidity index, and mental health diagnoses. 
Notes: Statistically significant results in bold. 
Abbreviations: AECOPD: acute exacerbation of chronic obstructive pulmonary disease; CI: confidence 
interval. 
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Supplementary Table S9. Odds ratios and 95% confidence intervals for mortality and readmission for 

people discharged from hospital following acute exacerbation of COPD who received a respiratory 

specialist review within 24 hours of their admission relative to those who received a respiratory 

specialist review in >24 hours. 

Time to specialist review outcomes Odds ratio (95% CI)  
Adjusted* odds ratio 

(95% CI) 

Death within 30 days of admission 0.96 (0.80 – 1.15)  1.14 (0.95 – 1.39) 

Death within 90 days of admission 0.91 (0.82 – 1.01)  1.13 (1.01 – 1.26) 

Readmission within 30 days of discharge 0.87 (0.82 – 0.93)  0.95 (0.88 – 1.02) 

Readmission within 90 days of discharge 0.93 (0.88 – 0.99)  1.00 (0.94 – 1.07) 

*Adjusted for age, sex, socioeconomic status, oxygen requirement, non-invasive ventilation requirement, length 
of stay, smoking status, Charlson comorbidity index, and mental health diagnoses. 
Notes: Statistically significant results in bold. 
Abbreviations: AECOPD: acute exacerbation of chronic obstructive pulmonary disease; CI: confidence interval. 
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Supplementary Table 10. Demographics of and outcomes for people discharged from hospital following acute 

exacerbation of COPD who received a discharge bundle and those that did not receive a discharge bundle. 

N=28,345 

 Patient received a discharge 
bundle at or before discharge 

Patient did not receive a 
discharge bundle 

 N = 15,261 N = 13,084 
 n (%) n (%) 

Age (years)     

Mean (SD) 71.9 (10.3) 72.4 (11.2) 
     

Gender     

Male 7,049 (46.2%) 6,189 (47.3%) 
Female 8,212 (53.8%) 6,895 (52.7%) 

     

Quintile of IMD/WIMD   

1 (most deprived) 4,946 (32.4%) 4,307 (32.9%) 
2 3,637 (23.8%) 3,126 (23.9%) 
3 2,755 (18.1%) 2,476 (18.9%) 
4 2,208 (14.5%) 1,794 (13.7%) 
5 (least deprived) 1,579 (10.4%) 1,257 (9.6%) 
No data 136 (0.9%) 124 (1.0%) 

     

Oxygen prescription     
Not needed 2,557 (16.8%) 2,795 (21.4%) 
Not prescribed 3,540 (23.2%) 3,899 (29.8%) 
Prescribed 9,164 (60.1%) 6,390 (48.8%) 

     
NIV administered 1,598 (10.5%) 957 (7.3%) 
     
Length of stay quintile     

0-1 days 3,078 (20.2%) 4,378 (33.5%) 
2-3 days 3,756 (24.6%) 3,115 (23.8%) 
4-5 days 2,761 (18.1%) 1,887 (14.4%) 
6-8 days 2,520 (16.5%) 1,636 (12.5%) 
9+ days 3,146 (20.6%) 2,068 (15.8%) 

     

Smoking status     

Never smoked 396 (2.6%) 592 (4.5%) 
Ex-smoker 9,079 (59.5%) 6,716 (51.3%) 
Current smoker 5,061 (33.2%) 3,860 (29.5%) 
Not recorded 725 (4.8%) 1,916 (14.6%) 

     

Charlson Comorbidity Index     

1 7,472 (49.0%) 6,163 (47.1%) 
2 3,843 (25.2%) 3,265 (25.0%) 
3 2,061 (13.5%) 1,779 (13.6%) 
4 1,005 (6.6%) 924 (7.1%) 
5 479 (3.1%) 504 (3.9%) 
6 188 (1.2%) 192 (1.5%) 
7+ 213 (1.4%) 257 (2.0%) 

     

Mental health diagnoses     

No mental illness 12,079 (79.2%) 10,577 (80.8%) 
Mild/moderate mental illness 2,216 (14.5%) 1,697 (13.0%) 
Severe mental illness 966 (6.3%) 810 (6.2%) 

     

DECAF score   

Low risk (0-1) 2,090 (13.7%) 128 (1.0%) 
Intermediate risk (2) 932 (6.1%) 75 (0.6%) 
High risk (3-6) 660 (4.3%) 45 (0.3%) 
No data 11,579 (75.9%) 12,836 (98.1%) 

     

Spirometry: FEV1/FVC ratio   

≥ 0.7 742 (4.9%) 631 (4.8%) 
< 0.7 5,854 (38.4%) 3,283 (25.1%) 
Invalid (< 0.2 or > 1.0) 130 (0.9%) 68 (0.5%) 
No data 8,535 (55.9%) 9,102 (69.6%) 

     

Outcomes     
Patient died within 30 days of admission 398 (2.6%) 348 (2.7%) 
Patient readmitted within 30 days of discharge 3,936 (25.8%) 3,300 (25.2%) 

Abbreviations: DECAF: Dyspnoea, Eosinopenia, Consolidation, Acidaemia and atrial Fibrillation; FEV1: Forced expiratory volume in one 
second; FVC: Forced vital capacity IMD: English Index of Multiple Deprivation; NIV: non-invasive ventilation; SD: standard deviation; WIMD: 
Welsh Index of Multiple Deprivation. 
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Supplementary Table S11. Odds ratios and 95% confidence intervals for mortality and readmission 

for people discharged from hospital following acute exacerbation of COPD who received a discharge 

bundle relative to those who did not receive a discharge bundle. 

Discharge bundle outcomes Odds ratio (95% CI)  
Adjusted* odds 
ratio (95% CI) 

Death within 30 days of admission 0.93 (0.78 – 1.09)  0.92 (0.76 – 1.11) 

Death within 90 days of admission 1.03 (0.93 – 1.13)  0.95 (0.84 – 1.06) 

Readmission within 30 days of discharge 1.02 (0.96 – 1.09)  0.98 (0.91 – 1.05) 

Readmission within 90 days of discharge 1.07 (1.01 – 1.12)  1.04 (0.97 – 1.11) 

*Adjusted for age, sex, socioeconomic status, oxygen requirement, non-invasive ventilation requirement, 
length of stay, smoking status, Charlson comorbidity index, mental health diagnoses, and respiratory 
specialist review. 
Notes: Statistically significant results in bold. 
Abbreviations: AECOPD: acute exacerbation of chronic obstructive pulmonary disease; CI: confidence 
interval. 
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Supplementary Table S12. Demographics of and outcomes for people admitted to hospital with acute 

exacerbation of COPD (i.e., the full audit cohort including patients who died as an inpatient or self-

discharged) who received a respiratory specialist review within 24 hours of admission and those who did not 

receive a review or received a review in more than 24 hours after admission. N=30,294 

 Patient reviewed within 
24 hours of admission 

Patient not reviewed or 
reviewed in >24 hours 

 N = 15,956 N = 14,338 
 n (%) n (%) 

Age (years)     

Mean (SD) 71.5 (10.5) 73.1 (11.0) 
     

Gender     

Male 7,401 (46.4%) 6,789 (47.4%) 
Female 8,555 (53.6%) 7,549 (52.7%) 

     

Quintile of IMD/WIMD   

1 (most deprived) 5,348 (33.5%) 4,482 (31.3%) 
2 3,750 (23.5%) 3,385 (23.6%) 
3 2,893 (18.1%) 2,759 (19.2%) 
4 2,221 (13.9%) 2,082 (14.5%) 
5 (least deprived) 1,598 (10.0%) 1,493 (10.4%) 
No data 146 (0.9%) 137 (1.0%) 

     

Oxygen prescription     
Not needed 2,757 (17.3%) 2,864 (20.0%) 
Not prescribed 3,588 (22.5%) 4,261 (29.7%) 
Prescribed 9,611 (60.2%) 7,213 (50.3%) 

     

NIV administered 2,028 (12.7%) 1,017 (7.1%) 
     

Length of stay quintile     
0-1 days 4,083 (25.6%) 3,798 (26.5%) 
2-3 days 3,924 (24.6%) 3,342 (23.3%) 
4-5 days 2,591 (16.2%) 2,319 (16.2%) 
6-8 days 2,447 (15.3%) 1,980 (13.8%) 
9+ days 2,911 (18.2%) 2,899 (20.2%) 

     

Smoking status     

Never smoked 468 (2.9%) 615 (4.3%) 
Ex-smoker 9,155 (57.4%) 7,673 (53.5%) 
Current smoker 5,327 (33.4%) 4,136 (28.9%) 
Not recorded 1,006 (6.3%) 1,914 (13.4%) 

     

Charlson Comorbidity Index     

1 8,039 (50.4%) 6,344 (44.3%) 
2 3,915 (24.5%) 3,698 (25.8%) 
3 2,076 (13.0%) 2,064 (14.4%) 
4 1,012 (6.3%) 1,101 (7.7%) 
5 506 (3.2%) 572 (4.0%) 
6 178 (1.1%) 242 (1.7%) 
7+ 230 (1.4%) 317 (2.2%) 

     

Mental health diagnoses     

No mental illness 12,614 (79.1%) 11,597 (80.9%) 
Mild/moderate mental illness 2,328 (14.6%) 1,851 (12.9%) 
Severe mental illness 1,014 (6.4%) 890 (6.2%) 

     

DECAF score   

Low risk (0-1) 1,763 (11.1%) 505 (3.5%) 
Intermediate risk (2) 764 (4.8%) 286 (2.0%) 
High risk (3-6) 540 (3.4%) 237 (1.7%) 
No data 12,889 (80.8%) 13,310 (92.8%) 

     

Spirometry: FEV1/FVC ratio   

≥ 0.7 797 (5.0%) 659 (4.6%) 
< 0.7 6,002 (37.6%) 3,714 (25.9%) 
Invalid (< 0.2 or > 1.0) 122 (0.8%) 93 (0.7%) 
No data 9,035 (56.6%) 9,872 (68.9%) 

     

Outcomes     
Patient died within 30 days of admission 923 (5.8%) 909 (6.3%) 
Patient died as an inpatient 585 (3.7%) 628 (4.4%) 

Abbreviations: DECAF: Dyspnoea, Eosinopenia, Consolidation, Acidaemia and atrial Fibrillation; FEV1: Forced expiratory volume in one second; FVC: Forced vital capacity; IMD: 
English Index of Multiple Deprivation; NIV: non-invasive ventilation; SD: standard deviation; WIMD: Welsh Index of Multiple Deprivation. 
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Supplementary Table S13. Demographics of and outcomes for people admitted to hospital with acute 

exacerbation of COPD (i.e., the full audit cohort including patients who died as an inpatient or self-

discharged) who received a respiratory specialist review at any time during admission and those who did not 

receive a review at any point during admission. N=30,294 

  

Patient received a 
respiratory specialist review 

Patient did not receive a 
respiratory specialist review 

N = 23,113 N = 7,181 

n (%) n (%) 

Age (years)         
Mean (SD) 71.9 (10.5) 73.3 (11.4) 

          

Gender         
Male 10,663 (46.1%) 3,527 (49.1%) 
Female 12,450 (53.9%) 3,654 (50.9%) 

        

Quintile of IMD/WIMD   

1 (most deprived) 7,516 (32.5%) 2,314 (32.2%) 
2 5,458 (23.6%) 1,677 (23.4%) 
3 4,297 (18.6%) 1,355 (18.9%) 
4 3,252 (14.1%) 1,051 (14.6%) 
5 (least deprived) 2,375 (10.3%) 716 (10.0%) 
No data 215 (0.9%) 68 (1.0%) 

     

Oxygen prescription       
Not needed 3,832 (16.6%) 1,789 (24.9%) 
Not prescribed 5,330 (23.1%) 2,519 (35.1%) 
Prescribed 13,951 (60.4%) 2,873 (40.0%) 

        

NIV administered 2,846 (12.3%) 199 (2.8%) 
     

Length of stay quintile     
0-1 days 4,440 (19.2%) 3,441 (47.9%) 
2-3 days 5,648 (24.4%) 1,618 (22.5%) 
4-5 days 4,168 (18.0%) 742 (10.3%) 
6-8 days 3,835 (16.6%) 592 (8.2%) 
9+ days 5,022 (21.7%) 788 (11.0%) 

        

Smoking status       
Never smoked 707 (3.1%) 376 (5.2%) 
Ex-smoker 13,361 (57.8%) 3,467 (48.3%) 
Current smoker 7,489 (32.4%) 1,974 (27.5%) 
Not recorded 1,556 (6.7%) 1,364 (19.0%) 

        

Charlson Comorbidity Index       
1 11,219 (48.5%) 3,164 (44.1%) 
2 5,807 (25.1%) 1,806 (25.2%) 
3 3,108 (13.5%) 1,032 (14.4%) 
4 1,525 (6.6%) 588 (8.2%) 
5 777 (3.4%) 301 (4.2%) 
6 301 (1.3%) 119 (1.7%) 
7+ 376 (1.6%) 171 (2.4%) 

        

Mental health diagnoses       
No mental illness 18,331 (79.3%) 5,880 (81.9%) 
Mild/moderate mental illness 3,315 (14.3%) 864 (12.0%) 
Severe mental illness 1,467 (6.4%) 437 (6.1%) 

        

DECAF score   

Low risk (0-1) 2,216 (9.6%) 52 (0.7%) 
Intermediate risk (2) 1,022 (4.4%) 28 (0.4%) 
High risk (3-6) 751 (3.3%) 26 (0.4%) 
No data 19,124 (82.7%) 7,075 (98.5%) 

        

Spirometry: FEV1/FVC ratio   

≥ 0.7 1,154 (5.0%) 302 (4.2%) 
< 0.7 8,245 (35.7%) 1,471 (20.5%) 
Invalid (< 0.2 or > 1.0) 182 (0.8%) 33 (0.5%) 
No data 13,532 (58.6%) 5,375 (74.9%) 

          

Outcomes     
Patient died within 30 days of admission 1,390 (6.0%) 442 (6.2%) 
Patient died as an inpatient 908 (3.9%) 305 (4.3%) 

Abbreviations: DECAF: Dyspnoea, Eosinopenia, Consolidation, Acidaemia and atrial Fibrillation; FEV1: Forced expiratory volume in one second; FVC: Forced vital 
capacity; IMD: English Index of Multiple Deprivation; NIV: non-invasive ventilation; SD: standard deviation; WIMD: Welsh Index of Multiple Deprivation. 
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Supplementary Table S14. Demographics of and outcomes for people admitted to hospital with acute 

exacerbation of COPD (i.e., the full audit cohort including patients who died as an inpatient or self-

discharged) who received a respiratory specialist review within 24 hours of admission and those who received 

a respiratory specialist >24 hours after admission. N=23,113 

  

Patient reviewed in ≤24 
hours of admission 

Patient reviewed in >24 
hours of admission 

N = 15,956 N = 7,157 

n (%) n (%) 

Age (years)         
Mean (SD) 71.5 (10.5) 72.9 (10.6) 

          

Gender         
Male 7,401 (46.4%) 3,262 (45.6%) 
Female 8,555 (53.6%) 3,895 (54.4%) 

        

Quintile of IMD/WIMD   
1 (most deprived) 5,348 (33.5%) 2,168 (30.3%) 
2 3,750 (23.5%) 1,708 (23.9%) 
3 2,893 (18.1%) 1,404 (19.6%) 
4 2,221 (13.9%) 1,031 (14.4%) 
5 (least deprived) 1,598 (10.0%) 777 (10.9%) 
No data 146 (0.9%) 69 (1.0%) 

        
Oxygen prescription       

Not needed 2,757 (17.3%) 1,075 (15.0%) 
Not prescribed 3,588 (22.5%) 1,742 (24.3%) 
Prescribed 9,611 (60.2%) 4,340 (60.6%) 

        

NIV administered 2,028 (12.7%) 818 (11.4%) 
     

Length of stay quintile     
0-1 days 4,083 (25.6%) 357 (5.0%) 
2-3 days 3,924 (24.6%) 1,724 (24.1%) 
4-5 days 2,591 (16.2%) 1,577 (22.0%) 
6-8 days 2,447 (15.3%) 1,388 (19.4%) 
9+ days 2,911 (18.2%) 2,111 (29.5%) 

        

Smoking status       
Never smoked 468 (2.9%) 239 (3.3%) 
Ex-smoker 9,155 (57.4%) 4,206 (58.8%) 
Current smoker 5,327 (33.4%) 2,162 (30.2%) 
Not recorded 1,006 (6.3%) 550 (7.7%) 

        

Charlson Comorbidity Index       
1 8,039 (50.4%) 3,180 (44.4%) 
2 3,915 (24.5%) 1,892 (26.4%) 
3 2,076 (13.0%) 1,032 (14.4%) 
4 1,012 (6.3%) 513 (7.2%) 
5 506 (3.2%) 271 (3.8%) 
6 178 (1.1%) 123 (1.7%) 
7+ 230 (1.4%) 146 (2.0%) 

        

Mental health diagnoses       
No mental illness 12,614 (79.1%) 5,717 (79.9%) 
Mild/moderate mental illness 2,328 (14.6%) 987 (13.8%) 
Severe mental illness 1,014 (6.4%) 453 (6.3%) 

        

DECAF score   
Low risk (0-1) 1,763 (11.1%) 453 (6.3%) 
Intermediate risk (2) 764 (4.8%) 258 (3.6%) 
High risk (3-6) 540 (3.4%) 211 (3.0%) 
No data 12,889 (80.8%) 6,235 (87.1%) 

         

Spirometry: FEV1/FVC ratio   
≥ 0.7 797 (5.0%) 357 (5.0%) 
< 0.7 6,002 (37.6%) 2,243 (37.6%) 
Invalid (< 0.2 or > 1.0) 122 (0.8%) 60 (0.8%) 
No data 9,035 (56.6%) 4,497 (62.8%) 

          

Outcomes     
Died within 30 days of admission 923 (5.8%) 467 (6.5%) 
Died as an inpatient 585 (3.7%) 323 (4.5%) 

Abbreviations: DECAF: Dyspnoea, Eosinopenia, Consolidation, Acidaemia and atrial Fibrillation; FEV1: Forced expiratory volume in one second; FVC: Forced 
vital capacity; IMD: English Index of Multiple Deprivation; NIV: non-invasive ventilation; SD: standard deviation; WIMD: Welsh Index of Multiple Deprivation. 
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Supplementary Table S15. Odds ratios and 95% confidence intervals for 30-day mortality and 

inpatient mortality for each respiratory specialist review exposure in the full audit cohort of acute 

exacerbation of COPD admissions (including patients who died as an inpatient or self-discharged). 

Exposure (intervention/control) / Outcome Odds ratio (95% CI)  
Adjusted* odds 
ratio (95% CI) 

Specialist review in 24 hours (yes/no)      

Death within 30 days of admission 0.94 (0.85 – 1.04)  0.93 (0.83 – 1.03) 

Death while an inpatient 0.90 (0.80 – 1.02)  0.82 (0.72 – 0.93) 

      

Received specialist review (yes/no)      

Death within 30 days of admission 1.01 (0.90 – 1.14)  0.82 (0.72 – 0.94) 

Death while an inpatient 0.99 (0.86 – 1.14)  0.69 (0.58 – 0.81) 

      

Time to specialist review (≤24hrs/>24hrs)      

Death within 30 days of admission 0.91 (0.81 – 1.03)  1.03 (0.90 – 1.17) 

Death while an inpatient 0.88 (0.76 – 1.02)  0.96 (0.82 – 1.12) 

*Adjusted for age, sex, socioeconomic status, oxygen requirement, non-invasive ventilation requirement, 
length of stay, smoking status, Charlson comorbidity index, and mental health diagnoses. 
Notes: Statistically significant results in bold. 
Abbreviations: CI: confidence interval. 
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Supplementary Table S16. Odds ratios and 95% confidence intervals for mortality and readmission 

for all COPD Best Practice Tariff (BPT) criteria (combined and separately) in people discharged from 

hospital following acute exacerbation of COPD who were admitted to English hospitals only. 

COPD BPT Criteria (intervention/control) / English 
Hospitals Outcome 

Odds ratio (95% CI)  
Adjusted* odds 
ratio (95% CI) 

BPT conforming admission (yes/no)      

Death within 30 days of admission 0.95 (0.81 – 1.12)  1.04 (0.88 – 1.23) 

Death within 90 days of admission 0.97 (0.88 – 1.07)  1.04 (0.94 – 1.15) 

Readmission within 30 days of discharge 0.95 (0.90 – 1.01)  0.96 (0.90 – 1.02) 

Readmission within 90 days of discharge 1.00 (0.95 – 1.06)  1.03 (0.97 – 1.08) 

      

Specialist review in 24 hours (yes/no)      

Death within 30 days of admission 0.99 (0.85 – 1.16)  1.10 (0.94 – 1.29) 

Death within 90 days of admission 1.02 (0.93 – 1.11)  1.13 (1.03 – 1.24) 

Readmission within 30 days of discharge 0.94 (0.89 – 0.99)  0.95 (0.90 – 1.01) 

Readmission within 90 days of discharge 0.98 (0.93 – 1.03)  1.01 (0.96 – 1.07) 

      

Received specialist review (yes/no)      

Death within 30 days of admission 1.08 (0.90 – 1.30)  1.06 (0.86 – 1.30) 

Death within 90 days of admission 1.26 (1.13 – 1.41)  1.17 (1.03 – 1.32) 

Readmission within 30 days of discharge 1.08 (1.01 – 1.16)  0.98 (0.91 – 1.05) 

Readmission within 90 days of discharge 1.08 (1.02 – 1.15)  1.03 (0.96 – 1.10) 

      

Time to specialist review (≤24hrs/>24hrs)      

Death within 30 days of admission 0.94 (0.78 – 1.12)  1.12 (0.93 – 1.36) 

Death within 90 days of admission 0.89 (0.80 – 0.99)  1.11 (0.99 – 1.24) 

Readmission within 30 days of discharge 0.87 (0.82 – 0.94)  0.95 (0.88 – 1.02) 

Readmission within 90 days of discharge 0.93 (0.87 – 0.98)  1.00 (0.94 – 1.06) 

      

Discharge bundle (yes/no)**      

Death within 30 days of admission 0.87 (0.74 – 1.02)  0.86 (0.71 – 1.03) 

Death within 90 days of admission 0.96 (0.88 – 1.06)  0.88 (0.79 – 0.98) 

Readmission within 30 days of discharge 1.01 (0.95 – 1.07)  0.97 (0.90 – 1.04) 

Readmission within 90 days of discharge 1.05 (0.99 – 1.10)  1.02 (0.96 – 1.09) 

*Adjusted for age, sex, socioeconomic status, oxygen requirement, non-invasive ventilation requirement, length 
of stay, smoking status, Charlson comorbidity index, and mental health diagnoses. 
**Additionally adjusted for receipt of respiratory specialist review. 
Notes: Statistically significant results in bold. 
Abbreviations: BPT: Best Practice Tariff; CI: confidence interval COPD: chronic obstructive pulmonary 
disease. 
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Supplementary Table S17. Odds ratios and 95% confidence intervals for mortality and readmission 

for people discharged from hospital following acute exacerbation of COPD who were admitted to a 

hospital where 60% or more of admissions conformed to the COPD BPT relative to admissions to 

people admitted to a hospital where less than 60% of admissions conformed to the COPD BPT. 

60% of admissions COPD BPT conforming Odds ratio (95% CI)  
Adjusted* odds 
ratio (95% CI) 

Death within 30 days of admission 1.15 (0.91 – 1.47)  1.16 (0.91 – 1.47) 

Death within 90 days of admission 1.02 (0.88 – 1.19)  1.03 (0.88 – 1.21) 

Readmission within 30 days of discharge 1.05 (0.96 – 1.15)  1.04 (0.95 – 1.15) 

Readmission within 90 days of discharge 1.09 (1.00 – 1.18)  1.09 (1.00 – 1.19) 

*Adjusted for age, sex, socioeconomic status, oxygen requirement, non-invasive ventilation requirement, 
length of stay, smoking status, Charlson comorbidity index, and mental health diagnoses. 
Notes: Statistically significant results in bold. 
Abbreviations: BPT: Best Practice Tariff; CI: confidence interval; COPD: chronic obstructive pulmonary 
disease. 
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