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Background: A large proportion of people with COPD are not referred to pulmonary 
rehabilitation (PR) despite its proven benefits. No previous studies have examined predictors 
of referral to PR.
Objective: To determine the characteristics of people with COPD associated with referral to PR.
Methods: Cross-sectional analysis of a primary care cohort of 82,696 Welsh people with COPD 
generated as part of a UK national audit of COPD care. Data represent care received by patients 
as of 31/03/2017. Referral to PR was defined as any code in the patient record indicating referral 
to PR in the last 3 years. Potential predictors of referral to PR were chosen based on clinical 
judgement and data availability. Independent predictors of PR referral were determined using 
backward stepwise mixed-effects logistic regression with a random effect for practice. Variables 
assessed were: age, gender, deprivation, MRC recorded in past year, MRC grade, smoking status 
recorded in past year, smoking status, number of exacerbations in past year, inhaled therapy 
prescription, influenza vaccination, and comorbidities of diabetes, hypertension, coronary heart 
disease, stroke, heart failure, lung cancer, asthma, bronchiectasis, depression, anxiety, severe 
mental illness, osteoporosis, and painful condition.
Results: A total of 13,297 people (16%) with COPD were referred from primary care for 
PR. Patients with a comorbidity of bronchiectasis or depression, MRC recorded in the 
last year, higher MRC grade, more exacerbations in the last year, a greater level of inhaled 
therapy, an influenza vaccination, or were an ex-smoker had significantly higher odds of 
referral to PR. Patients that were older, female, more deprived, or had a comorbidity of 
diabetes, asthma, or painful condition had significantly lower odds of referral to PR.
Conclusion: Generally appropriate patients are being prioritised for PR referral; however, it 
is concerning that women, current smokers, and more deprived patients appear to have lower 
odds of referral.
Keywords: COPD, chronic obstructive pulmonary disease, GP, general practitioner, 
observational study

Introduction
Pulmonary rehabilitation (PR) has been shown to improve dyspnoea, fatigue, quality of 
life, and exercise capacity in individuals with COPD.1,2 The quality of evidence for 
these benefits has been declared such that no further randomised controlled trials 
(RCTs) comparing PR and usual care are required to demonstrate its benefits.1,3

While the strength of evidence for the benefits of PR is high and the referral criteria 
are well defined,4,5 the proportion of patients being referred to PR remains low. 
A systematic review6 of rates of referral to PR in 10 different countries found referral 
rates of less than 35% in 93% of the included studies. In the UK, roughly half of PR 
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referrals are from primary care,7,8 however, between 2004 
and 2014 only 9% of eligible COPD patients in England were 
referred to PR from primary care.9 In Wales, the picture is 
better with 35% of eligible patients referred in 201510 and 
50% in 2017.11 However, this still means that half of all 
eligible COPD patients are missing out on this important 
intervention.

No large studies of predictors of referral to PR have 
previously been completed. We therefore aimed to use 
a national primary care cohort to determine the patient 
characteristics associated with referral to PR. This will 
allow us to discover the individuals that require better 
targeting in primary care.

Methods
Database/Population
To investigate COPD patient factors associated with 
referral to PR from primary care, we used data from 
the NCAP 2017 primary care audit. This is a cross- 
sectional study of all 82,696 currently registered people 
with COPD in 407 general practices in Wales, UK (94% 
of all Welsh practices) that examines care received in the 
2 years prior to the audit date of 31/03/2017. The dataset 
was generated following a direct extraction from general 
practice patient record systems in June 2017 by NHS 
Wales Informatics Service (NWIS). No identifying infor-
mation was collected from practices, with identifiable 
information being pseudonymised at source. Data were 
only extracted for patients with a diagnosis of COPD, 
defined using a validated definition (Read diagnosis 
codes) in UK primary care data.12 Read codes13 are 
a clinical terminology used to record clinical events in 
UK primary care, similar to International Classification 
of Primary Care (ICPC)14 or SNOMED CT15 codes. 
Data were not extracted for patients that had opted-out 
of usage of their pseudonymised data for audit or other 
analysis. Practice participation in the audit was on an 
opt-in basis and all practices in Wales were eligible. Full 
details of the primary care audit and the methodology 
used to create the dataset can be found in the audit data 
report.11

Variables
The outcome of the analysis – referral to PR – was defined 
as any person with COPD with a Read code in their patient 
record indicating referral to PR in the 3 years prior to the 
audit date (01/04/2014 to 31/03/2017). In the UK referral 

is recommended for people with COPD who have frequent 
exacerbations or an MRC grade of 3 or more,4 however 
ultimately the referral decision is that of the patient’s GP. 
Read codes used to define pulmonary rehabilitation refer-
ral and all other events in the patient record can be found 
on the audit resources webpage.16 Twenty-three exposures 
(age, gender, socioeconomic status (SES), diabetes, hyper-
tension, coronary heart disease, stroke, heart failure, lung 
cancer, asthma, bronchiectasis, depression, anxiety, severe 
mental illness, osteoporosis, painful condition, MRC grade 
recorded, MRC grade, smoking status recorded, smoking 
status, exacerbations, inhaled therapy, and influenza vacci-
nation) were used as potential predictors of referral to PR. 
Exposures were chosen based on clinical judgement and 
data availability. Patients aged under 35 years, and without 
any events recorded in their patient file in the past 4 years 
were excluded.

SES was defined using the 2014 Welsh Index of 
Multiple Deprivation (WIMD). WIMD is a measure of 
deprivation that ranks the relative deprivation between 
small areas (or neighbourhoods) of Wales. Values for 
WIMD are derived by assessing the income, employment, 
health, education, access to services, community safety, 
physical environment, and housing in a particular small 
area.17 WIMD data were provided to us by NWIS split in 
to 5 categories: 10% most deprived, 10–20% most 
deprived, 20–30% most deprived, 30–50% most deprived, 
50% least deprived. Category of WIMD was derived using 
the patient’s home postcode. Further variable definitions 
can be found in Supplementary Methods.

Statistical Analysis
All data management and statistical analyses were per-
formed using Stata 15 (StataCorp, College Station, TX, 
USA). Data were first summarised using means and pro-
portions, where appropriate. Age was discretised to pro-
duce a categorical variable as its relationship with PR 
referral was non-linear. Where variables had no more 
than 5% missing data, complete-case analysis was used; 
otherwise additional missing data categories were added to 
preserve sample size. To account for clustering of patients 
at practice level, mixed-effects logistic regression (xtlogit 
command, re option) was used to investigate association 
between each of the twenty-three exposures and referral to 
PR with a random effect for each practice. Odds ratios 
with 95% confidence intervals were generated for each 
exposure.
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After univariate analyses predictors of referral to PR were 
determined using mixed-effects logistic regression. The 
model was built using a backward stepwise regression, add-
ing significant and then removing non-significant variables 
until there were no further changes. A p-value of <0.05 was 
regarded as statistically significant. Significance of categori-
cal variables was tested using the likelihood ratio test.

Multicollinearity of predictors included in the final model 
was assessed using the Stata “collin” command. A variance 
inflation factor (VIF) of 10 was defined as indicating proble-
matic multicollinearity. All variables had VIFs well below 10 
indicating multicollinearity was not an issue in the final 
model. Odds ratio graphs were generated using coefplot.18

We wondered if certain groups of patients may be more 
likely to refuse PR than others, so we performed 
a sensitivity analysis where we repeated the analysis 
including exceptions for PR as well as referrals for PR in 
the outcome. This would demonstrate that a GP has con-
sidered the patient’s suitability for PR and then either 
deemed them unsuitable, offered them PR and they 
declined, not had an available PR programme to refer 
them to, or referred them; thus changing the outcome to 
“considered for PR” rather than “referred for PR”.

Ethical Approval
The Healthcare Quality Improvement Partnership (HQIP) 
is data controller for the National Clinical Audit and 
Patient Outcomes Programme (NCAPOP) projects. An 
HQIP extended output scope form was completed for the 
audit data set used in this analysis. Formal approval from 
the HQIP Data Access Request Group (DARG)19 was not 
required as the dataset uses de-identified pseudonymised 
data for a purpose deemed to be in line with primary audit 
data collection.

Results
A total of 13,297 people (16%) with COPD were referred 
from primary care for PR (Table 1). Patients with an MRC 
grade of 3 or higher, patients with 2 or more exacerba-
tions, and patients on triple therapy had the highest pro-
portion of PR referrals. Patients with an MRC grade of 1 
had the lowest proportion of PR referrals.

In univariate analysis, coronary heart disease 
(p<0.001), heart failure (p=0.023), bronchiectasis 
(p<0.001), depression (p<0.001), anxiety (p<0.001), osteo-
porosis (p<0.001), painful condition (p<0.001), MRC 
recorded in the last year (p<0.001), and influenza immu-

Table 1 Characteristics of Patients Referred and Not Referred 
for Pulmonary Rehabilitation. Proportions Shown are Row 
Percentages

Not referred for 
PR (%) N = 69,399

Referred for PR 
(%) N = 13,297

Age (years)

35–59 11,598 (85.8%) 1,922 (14.2%)

60–64 7,615 (81.5%) 1,729 (18.5%)

65–69 10,842 (81.3%) 2,492 (18.7%)

70–74 12,406 (81.8%) 2,754 (18.2%)

75–80 10,579 (82.7%) 2,221 (17.4%)

≥80 16,359 (88.3%) 2,179 (11.8%)

Gender N = 69,396 N = 13,297

Male 34,877 (83.6%) 6,857 (16.4%)

Female 34,519 (84.3%) 6,440 (15.7%)

Welsh Index of Multiple 
Deprivation (WIMD)

N = 68,736 N = 13,207

10% most deprived 18,156 (83.3%) 3,650 (16.7%)

10–20% most deprived 16,459 (83.8%) 3,179 (16.2%)

20–30% most deprived 13,851 (83.9%) 2,666 (16.1%)

30–50% most deprived 12,000 (84.7%) 2,172 (15.3%)

50% least deprived 8,270 (84.3%) 1,540 (15.7%)

Comorbidities

Diabetes 15,732 (84.2%) 2,953 (15.8%)

Hypertension 36,610 (84.0%) 6,978 (16.0%)

Coronary heart disease 27,381 (82.8%) 5,673 (17.2%)

Stroke 7,320 (84.9%) 1,303 (15.1%)

Heart failure 6,180 (83.0%) 1,263 (17.0%)

Lung cancer 1,626 (84.6%) 295 (15.4%)

Asthma 29,203 (84.4%) 5,419 (15.7%)

Bronchiectasis 3,062 (77.6%) 884 (22.4%)

Depression 20,451 (82.3%) 4,410 (17.7%)

Anxiety 20,829 (82.7%) 4,351 (17.3%)

Severe mental illnessA 5,403 (83.8%) 1,045 (16.2%)

Osteoporosis 8,751 (82.1%) 1,906 (17.9%)

Painful conditionB 8,521 (81.5%) 1,929 (18.5%)

MRC grade recorded in the 
past year

39,290 (78.0%) 11,111 (22.1%)

MRC grade (latest recorded)

1 9,741 (96.2%) 388 (3.8%)

2 28,829 (91.4%) 2,724 (8.6%)

3 14,221 (70.7%) 5,881 (29.3%)

4 7,665 (67.6%) 3,679 (32.4%)

5 1,674 (74.4%) 575 (25.6%)

Not recorded 7,269 (99.3%) 50 (0.7%)

Smoking status recorded in 
the past year

52,474 (81.9%) 11,575 (18.1%)

Smoking status (latest 
recorded)

N = 66,422 N = 13,182

Current smoker 22,219 (85.1%) 3,879 (14.9%)

Ex-smoker 34,770 (81.0%) 8,164 (19.0%)

Never smoker 9,433 (89.2%) 1,139 (10.8%)

(Continued)
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nisation (p<0.001) were all significantly associated with 
greater odds of referral to PR. Being female (p=0.011), 
having had a stroke (p=0.015), and having asthma 
(p=0.001) were significantly associated with lower odds 
of referral to PR. Older, more deprived, patients with 
a higher MRC grade, ex-smokers relative to current smo-
kers, patients with more exacerbations in the last year, and 
patients on greater levels of inhaled therapy had greater 
odds of being referred to PR (Table 2).

In multivariate analysis, the variables included in the 
final model and independently associated with referral to 
PR were age (p<0.0001), gender (p=0.0031), deprivation 
(p=0.0061), diabetes (p=0.0001), asthma (p=0.0001), 
bronchiectasis (p<0.0001), depression (p=0.0019), painful 
condition (p=0.0003), MRC recorded in the last year 
(p<0.0001), MRC grade (p<0.0001), smoking status 
(p<0.0001), number of exacerbations in the last year 
(p<0.0001), inhaled therapy prescription (p<0.0001), and 
influenza vaccination (p<0.0001). Relative to patients 
under 60 years old, patients 70 years or older had lower 
odds of referral to PR. Women had 7% lower odds of 
referral than men (OR: 0.93 [95% CI: 0.89–0.98]). 
Relative to the 50% least deprived patients, the 20% 
most deprived patients had lower odds of referral to PR. 

Patients with diabetes, asthma, or a painful condition had 
10% (OR: 0.90 [95% CI: 0.85–0.95]), 9% (OR: 0.91 [95% 
CI: 0.87–0.95]), and 11% (OR: 0.89 [95% CI: 0.84–0.95]), 
respectively, lower odds of referral to PR, and patients 
with bronchiectasis or depression had 34% (OR: 1.34 
[95% CI: 1.22–1.48]) and 8% (OR: 1.08 [95% CI: 1.03– 
1.14]), respectively, higher odds of referral. Patients with 
an MRC grade recorded in the last year had more than 
twice (OR: 2.68 [95% CI: 2.52–2.85]) the odds of referral. 
Ex-smokers had 41% higher odds (OR: 1.41 [95% CI: 
1.34–1.49]) of referral than current smokers. Patients 
with a higher MRC grade, more exacerbations in the 
last year, or on higher levels of inhaled therapy had higher 
odds of referral to PR than those with a lower MRC, fewer 
exacerbations, or on lower levels of inhaled therapy, 
respectively (Table 2/Figure 1).

Sensitivity Analysis
The variables independently associated with consideration 
for PR were age (p<0.0001), gender (p<0.0001), lung 
cancer (p=0.0235), asthma (p<0.0001), MRC grade 
recorded in the last year (p<0.0001), MRC grade 
(p<0.0001), smoking status (p<0.0001), number of exacer-
bations in the last year (p<0.0001), inhaled therapy pre-
scription (p<0.0001), and influenza vaccination 
(p<0.0001). Odds of consideration for PR were similar to 
the odds of referral to PR for comorbid asthma, having an 
MRC grade recorded in the last year, the specific MRC 
grade, number of exacerbations in the last year, prescribed 
inhaled therapy, influenza vaccination, and women still 
had 8% lower odds (OR: 0.92 [95% CI: 0.88–0.95]) of 
consideration for PR than men (Table 3/Figure 2). Unlike 
in the referral analysis, patients over 60 years old had 
higher odds of consideration for PR than those under 60. 
People with comorbid lung cancer had 17% higher odds 
(OR: 1.17 [95% CI: 1.02–1.34]) of consideration for PR 
than those without lung cancer. Unlike in the referral 
analysis, people with comorbidities of diabetes, bronchiec-
tasis, depression, or painful condition did not have signifi-
cantly different odds of consideration for PR. Deprivation 
was not a significant factor for consideration for PR. Ex- 
smokers were not significantly more likely (OR: 1.02 
[95% CI: 0.98–1.07]) to be considered for PR than current 
smokers, however never smokers did have 28% lower 
odds (OR: 0.72 [95% CI: 0.67–0.77]) of consideration 
for PR than current smokers.

Table 1 (Continued). 

Not referred for 
PR (%) N = 69,399

Referred for PR 
(%) N = 13,297

Exacerbations in the past 
year

N = 68,969 N = 13,164

0 42,540 (89.1%) 5,184 (10.9%)

1 12,456 (83.0%) 2,561 (17.1%)

2 5,725 (77.2%) 1,687 (22.8%)

>2 8,248 (68.9%) 3,732 (31.2%)

Inhaled therapy treatment 
(last 6 months)

Not on inhaled therapy 24,852 (91.2%) 2,410 (8.8%)

ICS 4,105 (91.4%) 388 (8.6%)

LABA 1,843 (88.8%) 232 (11.2%)

LABA & ICS 13,843 (84.7%) 2,508 (15.3%)

LAMA 9,060 (83.1%) 1,839 (16.9%)

LABA & LAMA 1,300 (76.5%) 399 (23.5%)

Triple therapy 14,396 (72.3%) 5,521 (27.7%)

Influenza vaccination 44,345 (81.2%) 10,257 (18.8%)

Notes: ASevere mental illness: schizophrenia, bipolar, and other psychotic illness. 
BPainful condition: 4 or more prescriptions of analgesics or antiepileptics (in the 
absence of an epilepsy diagnosis) in the past year. 
Abbreviations: PR, pulmonary rehabilitation; MRC, Medical Research Council; 
ICS, inhaled corticosteroid; LABA, long-acting beta-agonist; LAMA, long-acting 
muscarinic antagonist.
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Table 2 Odds Ratios for Referral to Pulmonary Rehabilitation (PR) from Primary Care by Patient Characteristics

Odds ratio (95% CI)

Crude Adjusted

Age (years)

35–59 1 1

60–64 1.37 (1.27 – 1.48) 1.02 (0.93 – 1.10)

65–69 1.41 (1.32 – 1.51) 0.96 (0.89 – 1.04)

70–74 1.35 (1.27 – 1.45) 0.87 (0.80 – 0.94)

75–79 1.26 (1.18 – 1.35) 0.76 (0.70 – 0.82)

≥80 0.79 (0.73 – 0.84) 0.51 (0.47 – 0.55)

Gender

Male 1 1

Female 0.95 (0.92 – 0.99) 0.93 (0.89 – 0.98)

Welsh Index of Multiple Deprivation (WIMD)

10% most deprived 1.14 (1.05 – 1.23) 0.85 (0.78 – 0.93)

10–20% most deprived 1.11 (1.03 – 1.20) 0.89 (0.82 – 0.97)

20–30% most deprived 1.09 (1.01 – 1.18) 0.94 (0.86 – 1.03)

30–50% most deprived 1.01 (0.93 – 1.09) 0.94 (0.86 – 1.03)

50% least deprived 1 1

Comorbidities

Diabetes 1.01 (0.96 – 1.05) 0.90 (0.85 – 0.95)

Hypertension 0.99 (0.95 – 1.03)

Coronary heart disease 1.16 (1.11 – 1.20)

Stroke 0.92 (0.87 – 0.98)

Heart failure 1.08 (1.01 – 1.15)

Lung cancer 0.91 (0.80 – 1.03)

Asthma 0.93 (0.89 – 0.97) 0.91 (0.87 – 0.95)

Bronchiectasis 1.61 (1.49 – 1.75) 1.34 (1.22 – 1.48)

Depression 1.20 (1.15 – 1.25) 1.08 (1.03 – 1.14)

Anxiety 1.14 (1.09 – 1.18)

Severe mental illnessA 0.97 (0.90 – 1.04)

Osteoporosis 1.20 (1.13 – 1.27)

Painful conditionB 1.21 (1.15 – 1.28) 0.89 (0.84 – 0.95)

MRC grade recorded in the past year 4.22 (4.01 – 4.44) 2.68 (2.52 – 2.85)

MRC grade (latest recorded)

1 1 1

2 2.54 (2.27 – 2.84) 2.26 (2.01 – 2.54)

3 12.26 (10.98 – 13.68) 11.45 (10.20 – 12.85)

4 14.32 (12.79 – 16.03) 14.11 (12.50 – 15.92)

5 9.81 (8.49 – 11.34) 10.71 (9.14 – 12.55)

Not recorded 0.18 (0.13 – 0.24) 0.43 (0.31 – 0.59)

Smoking status recorded in the past year 2.27 (2.15 – 2.41)

Smoking status (latest recorded)

Current smoker 1 1

Ex-smoker 1.39 (1.33 – 1.45) 1.41 (1.34 – 1.49)

Never smoker 0.70 (0.66 – 0.76) 1.06 (0.98 – 1.16)

Exacerbations in the past year

0 1 1

1 1.76 (1.66 – 1.85) 1.22 (1.15 – 1.30)

2 2.61 (2.45 – 2.78) 1.52 (1.42 – 1.64)

>2 4.13 (3.93 – 4.35) 1.85 (1.74 – 1.96)

(Continued)
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Discussion
Eligibility criteria for PR are well defined with both 
national4 and international guidance.20 With the majority 
of PR referrals originating from primary care8,21 in the 

UK, the National COPD Audit has presented a unique 
opportunity to describe factors that influence referral so 
that strategies can be developed to ensure equality of 
access for potential participants.

Table 2 (Continued). 

Odds ratio (95% CI)

Crude Adjusted

Inhaled therapy treatment (last 6 months)

Not on inhaled therapy 0.44 (0.41 – 0.47) 0.81 (0.75 – 0.88)

ICS 0.45 (0.40 – 0.50) 0.70 (0.61 – 0.80)

LABA 0.59 (0.50 – 0.68) 0.72 (0.61 – 0.85)

LABA & ICS 0.88 (0.82 – 0.94) 0.97 (0.89 – 1.05)

LAMA 1 1

LABA & LAMA 1.54 (1.36 – 1.76) 1.22 (1.05 – 1.40)

Triple therapy 2.06 (1.93 – 2.19) 1.39 (1.29 – 1.49)

Influenza vaccination 1.94 (1.86 – 2.03) 1.25 (1.18 – 1.32)

Notes: Adjusted results represent odds ratios of independent predictors of PR referral included in the final model. ASevere mental illness: schizophrenia, bipolar, and other 
psychotic illness. BPainful condition: 4 or more prescriptions of analgesics or antiepileptics (in the absence of an epilepsy diagnosis) in the past year. 
Abbreviations: CI, confidence interval; MRC, Medical Research Council; ICS, inhaled corticosteroid; LABA, long-acting beta-agonist; LAMA, long-acting muscarinic antagonist.

Figure 1 Plot showing odds ratios with 95% confidence intervals of the independent predictors of referral to pulmonary rehabilitation (PR) from primary care. 
Abbreviations: MRC, Medical Research Council; ICS, inhaled corticosteroid; LABA, long-acting beta-agonist; LAMA, long-acting muscarinic antagonist.
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Table 3 Odds Ratios for Consideration for Pulmonary Rehabilitation (PR) in Primary Care by Patient Characteristics

Odds ratio (95% CI)

Crude Adjusted

Age (years)

35–59 1 1

60–64 1.55 (1.46 – 1.64) 1.17 (1.08 – 1.26)

65–69 1.66 (1.58 – 1.75) 1.21 (1.13 – 1.30)

70–74 1.72 (1.64 – 1.81) 1.24 (1.16 – 1.33)

75–79 1.90 (1.80 – 2.00) 1.36 (1.26 – 1.46)

≥80 1.48 (1.41 – 1.55) 1.25 (1.17 – 1.35)

Gender

Male 1 1

Female 0.92 (0.89 – 0.94) 0.92 (0.88 – 0.95)

Welsh Index of Multiple Deprivation (WIMD)

10% most deprived 1.36 (1.28 – 1.44)

10–20% most deprived 1.28 (1.21 – 1.36)

20–30% most deprived 1.16 (1.10 – 1.24)

30–50% most deprived 1.09 (1.03 – 1.16)

50% least deprived 1

Comorbidities

Diabetes 1.16 (1.12 – 1.20)

Hypertension 1.15 (1.12 – 1.18)

Coronary heart disease 1.22 (1.18 – 1.25)

Stroke 1.08 (1.03 – 1.13)

Heart failure 1.32 (1.25 – 1.38)

Lung cancer 1.05 (0.96 – 1.16) 1.17 (1.02 – 1.34)

Asthma 0.79 (0.76 – 0.81) 0.80 (0.76 – 0.84)

Bronchiectasis 1.27 (1.19 – 1.36)

Depression 1.07 (1.04 – 1.11)

Anxiety 1.01 (0.98 – 1.04)

Severe mental illnessA 0.96 (0.91 – 1.01)

Osteoporosis 1.25 (1.19 – 1.30)

Painful conditionB 1.29 (1.23 – 1.35)

MRC grade recorded in the past year 6.40 (6.18 – 6.63) 7.42 (7.02 – 7.83)

MRC grade (latest recorded)

1 1 1

2 2.08 (1.96 – 2.21) 1.71 (1.60 – 1.83)

3 20.13 (18.83 – 21.53) 29.62 (27.36 – 32.05)

4 17.87 (16.62 – 19.23) 30.79 (28.16 – 33.66)

5 11.29 (10.12 – 12.60) 25.03 (21.78 – 28.77)

Not recorded 0.05 (0.04 – 0.06) 0.24 (0.19 – 0.29)

Smoking status recorded in the past year 2.70 (2.60 – 2.81)

Smoking status (latest recorded)

Current smoker 1 1

Ex-smoker 1.21 (1.17 – 1.25) 1.02 (0.98 – 1.07)

Never smoker 0.58 (0.55 – 0.61) 0.72 (0.67 – 0.77)

Exacerbations in the past year

0 1 1

1 1.80 (1.73 – 1.87) 1.24 (1.18 – 1.31)

2 2.52 (2.39 – 2.66) 1.43 (1.33 – 1.54)

>2 3.96 (3.78 – 4.15) 1.61 (1.51 – 1.71)

(Continued)
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In this study, we have found that people with COPD 
with a comorbidity of depression or bronchiectasis, an 
MRC grade recorded in the last year, a higher MRC 

grade, more exacerbations in the past year, on higher 
levels of inhaled therapy, vaccinated for influenza, or 
who were an ex-smoker had greater odds of referral to 

Table 3 (Continued). 

Odds ratio (95% CI)

Crude Adjusted

Inhaled therapy treatment (last 6 months)

Not on inhaled therapy 0.39 (0.37 – 0.40) 0.72 (0.67 – 0.77)

ICS 0.40 (0.37 – 0.44) 0.73 (0.66 – 0.81)

LABA 0.65 (0.58 – 0.71) 0.81 (0.71 – 0.92)

LABA & ICS 0.74 (0.70 – 0.78) 0.90 (0.83 – 0.96)

LAMA 1 1

LABA & LAMA 1.64 (1.47 – 1.83) 1.35 (1.17 – 1.56)

Triple therapy 2.01 (1.91 – 2.12) 1.45 (1.36 – 1.55)

Influenza vaccination 1.95 (1.89 – 2.01) 1.18 (1.13 – 1.24)

Notes: Adjusted results represent odds ratios of independent predictors of PR referral included in the final model. ASevere mental illness: schizophrenia, bipolar, and other 
psychotic illness. BPainful condition: 4 or more prescriptions of analgesics or antiepileptics (in the absence of an epilepsy diagnosis) in the past year. 
Abbreviations: CI, confidence interval; MRC, Medical Research Council; ICS, inhaled corticosteroid; LABA, long-acting beta-agonist; LAMA, long-acting muscarinic antagonist.

Figure 2 Plot showing odds ratios with 95% confidence intervals of the independent predictors of consideration for pulmonary rehabilitation (PR) from primary care. 
Abbreviations: MRC, Medical Research Council; ICS, inhaled corticosteroid; LABA, long-acting beta-agonist; LAMA, long-acting muscarinic antagonist.
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PR. These results are encouraging as they seem to indicate 
that people with more severe symptoms are being appro-
priately prioritised. From a service delivery perspective, it 
was interesting to observe that where markers of high- 
quality care for COPD patients were recorded a greater 
proportion of patients were referred. For example, where 
MRC grade had been recorded, patients had an influenza 
vaccine, or were prescribed either LABA & LAMA or 
triple therapy compared to LAMA monotherapy they 
were significantly more likely to be referred. These results 
suggest that patients are more likely to be referred from 
general practices that offer higher quality healthcare. 
However, as we adjusted for clustering of patients within 
practices, we suspect that this may simply be a sign of 
greater engagement with primary care, thus providing 
more opportunities to discuss PR. The finding that people 
with an MRC grade ≥3 were more than 10 times more 
likely to be referred to PR than MRC grade 1 patients was 
unsurprising given that current guidelines recommend PR 
referral for any COPD patient with an MRC grade ≥3.4 

The finding that ex-smokers were more likely to be 
referred than current or never smokers is potentially con-
cerning as current smokers can benefit from pulmonary 
rehabilitation in parallel with smoking cessation treatment.

This study also found that people with COPD that were 
older (≥70 years), female, more deprived, or had 
a comorbidity of diabetes, asthma or painful condition 
were less likely to be referred to pulmonary rehabilitation. 
It was concerning to find that these groups appear to be 
missing out on best-practice care. It is possible older people 
are less likely to be referred due to their increased comor-
bidity and frailty. The most deprived people with COPD 
may be less likely to be referred than the least deprived due 
to them being more likely to refuse PR or poorer engage-
ment with primary care. It is disappointing to find that 
people with comorbid asthma were less likely to be referred 
as emerging evidence for rehabilitation in participants with 
asthma22–26 should encourage referral. There is some logic 
to the finding that people with a comorbidity of diabetes or 
painful condition were less likely to be referred as NICE 
guidance4 proposes that significant orthopaedic limitations 
may well limit participation in PR, although this has not 
been established in the literature.

It was surprising to find that women were less likely to 
be referred than men. Reduced access for women has 
previously been reported in the UK audit for cardiac 
rehabilitation,27 but there is no obvious reason for it. We 

wondered if women are perhaps more likely to refuse PR, 
but our “consideration for PR” sensitivity analysis simi-
larly found that women are less likely to be considered for 
PR. It is possible an unconscious bias against women 
exists in treatment of COPD as well as diagnosis.28,29

t was also interesting to note in the “considered for PR” 
analysis that people ≥70 years old were more likely to be 
considered for PR despite being less likely to receive 
a referral. This suggests older people are more likely to 
decline, be unsuitable for, or not live near an available PR 
programme. Current smokers being no less likely to be 
considered for PR than ex-smokers, but being less likely to 
receive a referral suggests that current smokers are more 
likely to refuse PR. And the finding that deprivation is not 
a significant factor in consideration for PR suggests that 
more deprived patients may be more likely to refuse or not 
have access to an available PR programme. People with 
a comorbidity of lung cancer being more likely to be 
considered for PR but no more likely to be referred is 
likely a consequence of the Quality and Outcomes 
Framework (QOF) pay-for-performance scheme. QOF 
financially incentivises GPs to refer suitable people with 
COPD to PR. However, as the bonus payment is propor-
tional to the proportion of suitable people referred to PR, 
GPs are keen to record unsuitable people as such so that 
the denominator used in the bonus payment calculation is 
as small as possible. This means that a person with lung 
cancer that is unsuitable for PR will likely be swiftly 
recorded as such by their GP, and this record would 
include them in our “considered for PR” group.

Although several previous studies have investigated 
uptake of PR (of those referred), only one study has pre-
viously quantitatively examined patient factors associated 
with referral. Li et al30 studied 88 patients hospitalised with 
COPD and found that patients with hypertension and more 
respiratory-related hospital bed days in the last 3 years were 
more likely to be referred. They also claim anxiety and 
possibly depression were associated with greater likelihood 
of referral but only present unadjusted results. If we con-
sider both hospital bed days in the last 3 years and number 
of exacerbations in the last year to be proxies for disease 
severity, this current study and the Li et al30 study both 
highlight disease severity and depression as important fac-
tors in referral. The different results found by Li et al30 

could simply reflect the low power of their study or differ-
ing priorities between primary and secondary care.
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Strengths and Limitations
The primary strength of this study is its size. It examines 
referral for 82,696 people with COPD from 94% of Welsh 
practices, making it the largest study to examine factors 
associated with PR referral to date. This large sample has 
allowed us to adjust for multiple variables in our analyses, 
something that would not been possible in the only pre-
vious study30 of predictors of PR referral. Using nearly all 
people with COPD in Wales also ensures that our results 
are generalisable.

The analysis is not without limitations though. Our defi-
nition of referral to PR was from primary care so we cannot 
say this represents the characteristics of all COPD patients 
being referred to PR, as patients referred from secondary care 
may have substantially different traits. Another weakness of 
the referral analysis is that it is limited to Wales, which is 
likely a more homogenous population than the rest of the 
UK. WIMD is not a perfect definition of SES, as it only 
signifies the deprivation of an area in which a person lives, 
not how deprived a person is. This will likely bias results 
towards the null hypothesis for SES as the deprivation of 
a local population will appear more homogenous. The 
National COPD Audit primary care data that we used is 
also quite limited in the data that it contains in comparison 
to a patient’s full primary care record. Further details on the 
severity of a patient’s condition, such as spirometry results, 
and details on the availability of PR programmes would have 
been useful additional potential predictors to examine.

In our analysis, we used practice as a random effect in the 
mixed-effects logistic regression models to account for clus-
tering of patients within practices, but there is a possibility of 
clustering at the GP level too. We think that clustering at the 
GP level is likely to be a smaller issue than clustering at the 
practice level though as patients within a practice are likely to 
be more similar than the patients assigned to a specific GP 
within a practice, and care is likely to differ more between 
practices than between GPs within a specific practice. The 
use of a cross-sectional study design also adds limitations. In 
the referral analysis, PR referral is defined as within the last 3 
years, but patient characteristics such as smoking status and 
MRC grade are most recent ever, so it is possible that patient 
characteristics could reflect those found after, rather than 
before, completion of PR. This will also likely bias the 
predictors towards the null hypothesis. This lack of clear 
temporal pattern in the data also prevents any conclusions 
or assessment of causal associations in the current analysis. 
Finally, several significance tests were performed in this 

study, increasing the probability of some of our significant 
results being chance findings.

Conclusion
Whilst generally appropriate patients are being prioritised 
for referral, it is concerning that women, smokers, and more 
deprived patients are less likely to receive a referral to PR. 
Ensuring there is easy access to PR programmes in more 
deprived regions may help to increase referrals among more 
deprived patients. Useful further work would be to establish 
if differences in referral between the genders exist in sec-
ondary care referrals and other countries.
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