|

ORIGINAL ARTICLE
COPD

Improved outcomes in ex-smokers with
COPD: a UK primary care observational
cohort study
Lynn Josephs

1,2

, David Culliford3, Matthew Johnson3 and Mike Thomas1,2,4

Affiliations: 1Dept of Primary Care and Population Sciences, Faculty of Medicine, University of Southampton,
Southampton, UK. 2NIHR Collaboration for Leadership in Applied Health Research and Care for Wessex,
University of Southampton, Southampton, UK. 3NIHR Collaboration for Leadership in Applied Health Research
and Care for Wessex Methodological Hub, Faculty of Health Sciences, University of Southampton, Southampton,
UK. 4NIHR Respiratory Biomedical Research Unit, Southampton General Hospital, Southampton, UK.
Correspondence: Lynn Josephs, Dept of Primary Care and Population Sciences, Faculty of Medicine,
University of Southampton, Aldermoor Health Centre, Aldermoor Close, Southampton SO16 5ST, UK.
E-mail: L.Josephs@soton.ac.uk

@ERSpublications
Many COPD patients smoke: better outcomes in ex-smokers suggest many deaths and admissions
avoidable if smokers quit http://ow.ly/l85u30aizmK
Cite this article as: Josephs L, Culliford D, Johnson M, et al. Improved outcomes in ex-smokers with
COPD: a UK primary care observational cohort study. Eur Respir J 2017; 49: 1602114 [https://doi.org/
10.1183/13993003.02114-2016].
ABSTRACT Smoking cessation in chronic obstructive pulmonary disease (COPD) reduces accelerated
forced expiratory volume in 1 s decline, but impact on key health outcomes is less clear. We studied the
relationship of smoking status to mortality and hospitalisation in a UK primary care COPD population.
Using patient-anonymised routine data in the Hampshire Health Record Analytical Database, we
identified a prevalent COPD cohort, categorising patients by smoking status (current, ex- or neversmokers). Three outcomes were measured over 3 years (2011–2013): all-cause mortality, respiratory-cause
unplanned hospital admission and respiratory-cause emergency department attendance. Survival analysis
using multivariable Cox regression after multiple imputation was used to estimate hazard ratios for each
outcome by smoking status, adjusting for measured confounders (including age, lung function,
socioeconomic deprivation, inhaled medication and comorbidities).
We identified 16 479 patients with COPD, mean±SD age 70.1±11.1 years. Smoking status was known in
91.3%: 35.1% active smokers, 54.3% ex-smokers, 1.9% never-smokers. Active smokers predominated among
younger patients. Compared with active smokers (n=5787), ex-smokers (n=8941) had significantly reduced
risk of death, hazard ratio (95% confidence interval) 0.78 (0.70–0.87), hospitalisation, 0.82 (0.74–0.89) and
emergency department attendance, 0.78 (0.70–0.88).
After adjusting for confounders, ex-smokers had significantly better outcomes, emphasising the importance
of effective smoking cessation support, regardless of age or lung function.

This article has supplementary material available from erj.ersjournals.com
Earn CME accreditation by answering questions about this article. You will find these at erj.ersjournals.com/journal/cme
Received: June 24 2016 | Accepted after revision: Feb 15 2017
Support statement: This article presents independent research funded by the National Institute for Health Research
Collaboration for Leadership in Applied Health Research and Care (NIHR CLAHRC) Wessex. The views expressed in
this publication are those of the authors and not necessarily those of the National Health Service, the NIHR, or the
Department of Health. Funding information for this article has been deposited with the Crossref Funder Registry.
Conflict of interest: Disclosures can be found alongside this article at erj.ersjournals.com
Copyright ©ERS 2017. This ERJ Open article is open access and distributed under the terms of the Creative Commons
Attribution Licence 4.0.

https://doi.org/10.1183/13993003.02114-2016

Eur Respir J 2017; 49: 1602114

COPD | L. JOSEPHS ET AL.

Introduction
Smoking is a major cause of chronic obstructive pulmonary disease (COPD), although individuals show
differing susceptibility to smoking-related airflow limitation [1, 2] because of interacting environmental
and host factors [3–5]. Smoking accelerates decline in forced expiratory volume in 1 s (FEV1) in
susceptible subjects [2], though physiologically defined COPD can develop in subjects with normal rates of
decline who start adult life with low FEV1 [6]. Evidence that stopping smoking benefits FEV1 trajectories
comes from the Lung Health Study, with benefit persisting after 11 years in sustained “quitters” [7] and
14 year mortality benefit [8]. However, these data relate to undiagnosed smokers in a screening
programme with mild to moderate airflow obstruction [7, 8], who are therefore not representative of
diagnosed COPD patients in the community.
Less is known about the impact of quitting on health outcomes in patients with a clinical diagnosis of
COPD. Ex-smokers have fewer lower respiratory tract infections (LRTIs) and COPD exacerbations [9], and
LRTIs promote clinical and functional decline in active but not ex-smokers [10]. COPD hospitalisations
may be reduced in quitters [11] and a systematic review in 2008 suggested morbidity and mortality
benefits from quitting, even in severe COPD [12].
Our objective was to use routine clinical data from electronic patient records, to quantify current smoking
status in a large UK primary care cohort with diagnosed COPD, and explore the relationship with all-cause
mortality, unplanned respiratory-cause hospital admission and emergency department (ED) attendance,
adjusting for potential confounders. Quantification of the independent effects of smoking cessation is
potentially useful to clinicians advising patients to quit, as patients with early disease may perceive that
quitting is unnecessary and those with severe disease, that it is too late to make any difference.

Methods
A study protocol is publically available [13]. The study received ethical approval from the University of
Southampton and governance approval from the Hampshire Health Record Information Governance
Group.
We report our findings in line with STROBE [14] and RECORD [15] guidelines for observational studies
using routinely collected health data (supplementary material).
Setting
This was a retrospective observational cohort study of patients with a primary care diagnosis of COPD,
with outcomes over 3 years (2011–2013) or until death, using individual patient-anonymised routinely
collected clinical data held in Hampshire Health Record Analytical Database (HHRA), an electronic UK
regional linked primary–secondary care database of around 1.4 million patients living in Hampshire, UK
(supplementary material).
Participants
We identified a prevalent COPD cohort using Read diagnostic codes as at December 31, 2010. Included
patients had 3 years’ continuous data from January 1, 2011 (or until death) and were over 25 years old.
Explanatory and outcome variables
Patients were characterised by baseline parameters from routine clinical records: current smoking status,
age, sex, socioeconomic deprivation (index of multiple deprivation (IMD)), body mass index (BMI), FEV1/
forced vital capacity (FVC) %, FEV1 % predicted, use of inhaled long-acting bronchodilators and
corticosteroids and by the presence or absence of comorbidities. Smoking status was categorised as active
smoker, ex-smoker or never-smoker, based on the most recent code prior to January 1, 2011; time from
baseline smoking code to study start was quantified.
Never-smokers were re-assigned as ex-smokers if there were contradictory preceding smoking codes.
Duration of COPD was estimated from the interval between first COPD code and the study start.
Comorbidities were defined using diagnostic codes for anxiety/depression, asthma, bronchiectasis,
cerebrovascular disease, chronic kidney disease, connective tissue disease, dementia, diabetes mellitus,
gastro-oesophageal reflux, heart failure, hyperlipidaemia, hypertension, ischaemic heart disease, lung
cancer, obstructive sleep apnoea, osteoporosis, peripheral vascular disease and rhino-sinusitis.
Outcomes were based on coded clinical entries: all-cause mortality, respiratory-cause unplanned hospital
admissions (based on primary diagnosis) and respiratory-cause ED attendances.
Additional details and all code lists are available in the supplementary material.

https://doi.org/10.1183/13993003.02114-2016

2

COPD | L. JOSEPHS ET AL.

Statistical methods
Details of data handling within HHRA (data access, composition and cleaning) are described in the
supplementary material.
Summary measures were used to describe patient characteristics: mean and standard deviation for all
except IMD, duration of COPD diagnosis and time from baseline smoking status to study start, where
median and interquartile range were used. The main analysis used Cox regression to estimate the effect of
baseline smoking status on time to the occurrence of each of the three outcomes: death from any cause,
first unplanned respiratory-cause hospital admission and first respiratory-cause ED attendance, with event
times censored after 3 years. Patients with unknown smoking status were excluded from this analysis. The
effects of smoking status are reported as hazard ratios, with full adjustment for the following potential
confounders: age, gender, BMI, IMD rank decile, FEV1 % predicted, baseline inhaled medication and
presence of comorbidities listed above. Age, BMI and FEV1 % predicted were modelled as continuous
variables but all other variables were categorical. To help interpret adjusted hazard ratios for each
outcome, we calculated the population attributable risk (PAR) fraction [16] for active smokers to estimate
the proportion of deaths and hospitalisations that could be avoided if all active smokers became
ex-smokers (supplementary material).
Additional sensitivity analyses were performed, in which FEV1/FVC % and then time from COPD
diagnosis to study start (modelled as continuous variables) were included as further confounding factors.
Smoking pack-years were not included in our a priori analysis plan, because of poor recording in UK
routine clinical data (see discussion), but are included in additional analyses in the supplementary material.
Multiple imputation using chained equations with fully conditional specification [17] was used to impute
missing data among the adjustment variables, based on an assumption that data were “missing at random”
[18]. Five imputations were used, and all the adjustment variables listed in the main analysis above were
included in the imputation model, along with the three time-to-event outcomes and their event/censoring
indicators. Smoking status was not imputed, as it was the key explanatory variable and was observed for
over 90% of the cohort.
All parameter estimates are presented with 95% confidence intervals. All tests were conducted as
two-sided, at the 5% significance level. Analyses were conducted using the statistical software packages SAS
v9.4 (SAS Institute, Cary, NC, USA), SPSS v22 (IBM Corp, Armonk, NY, USA) and R v3.1 (R Core Team,
Vienna, Austria).

Results
We identified 16 479 patients with a primary care diagnosis of COPD and continuous data: 53.7% male, mean
±SD age 70.1±11.1 years. Table 1 summarises baseline demographic and clinical characteristics. Smoking
status was recorded in 91.3% (n=15 040): active smokers 38.5% (n=5787), ex-smokers 59.4% (n=8941)
never-smokers 2.1% (n=312). Smoking status was based on data close to the study start: median (interquartile
range (IQR)) 3 (1–8) months for active smokers, 5 (2–10) months for ex-smokers and 8 (2–13) months for
never-smokers. One or more comorbidities were recorded in 90.7%. FEV1 % predicted values were available
in 80.6%.
More ex-smokers (56.1%) than active smokers (51.6%) or never-smokers (32.7%) were male. Ex-smokers
and never-smokers were significantly older than active smokers, were more overweight, had less severe
airflow obstruction and had a greater number of comorbidities.
In younger patients, active smokers predominated, but ex-smokers predominated among older patients
(figure 1): 58.6% of those aged <65 years were active smokers compared to 30.2% in those aged ⩾65 years
( p<0.001). This pattern was evident across all severities of airflow obstruction, as defined by the Global
Initiative for Chronic Obstructive Lung Disease (figure 2) [19].
Table 2 summarises the outcomes for the cohort as a whole and for each of the smoking categories.
During the 3 years, 2101 (12.7%) patients died, with a significantly greater proportion ( p<0.001)
of ex-smokers, n=1283 (14.3%) and never-smokers, n=50 (16.0%) than active smokers, n=640 (11.1%).
A total of 2909 (17.7%) patients had one or more unplanned respiratory-cause hospital admission, with no
significant difference in admission rates between the three smoking categories. A total of 1581 (9.6%)
patients had one or more respiratory-cause ED attendance, with a significantly higher proportion among
active smokers, n=631 (10.9%) than ex-smokers, n=799 (8.9%) ( p<0.001) and never-smokers, n=21 (6.7%)
( p=0.020). The median time to death, first respiratory admission and first respiratory ED attendance
among those experiencing events was 16.7, 14.3 and 16.5 months respectively.
Univariate and adjusted hazard ratios for the effect of smoking status on time to each of the outcomes,
using active smokers as comparator, are shown in table 3. In univariate analysis there was an increased
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TABLE 1 Baseline demographic and clinical characteristics in total cohort and in each smoking category
Total cohort (n=16 479)

Male
Age years
IMD rank decile
BMI kg·m−2
FEV1 % pred
FEV1 L
FEV1/FVC %
Comorbidities# n
Inhaled LABA
Inhaled LAMA
Inhaled ICS
Months from COPD diagnosis to study start
Months from last recorded smoking status to study start

Cohort with known smoking
status prior to study commencement
(n=15 040, 91.3%)

Descriptive
statistics

Missing

Active
smokers
(n=5787,
38.5%)

Ex-smokers
(n=8941,
59.4%)

Never-smokers
(n=312, 2.1%)

8847 (53.7%)
70.1±11.1
6 (3–8)
27.2±6.0
60.7±20.0
1.51±0.63
59.4±14.9
2.6±1.8
6386 (38.8%)
4573 (27.8%)
7315 (44.4%)
61 (26–108)
4 (2–9)

NA
NA
61 (0.4%)
1929 (11.7%)
3186 (19.4%)
3256 (19.8%)
4586 (27.8%)
NA
NA
NA
NA
337 (2.0%)¶
1439 (8.7%)

2986 (51.6%)
65.8±10.8
6 (3–8)
26.3±6.2
60.4±19.1
1.57±0.65
58.9±14.4
2.4±1.7
2157 (37.3%)
1621 (28.0%)
2501 (43.2%)
56 (23–96)
3 (1–8)

5018 (56.1%)
72.8±10.1
6 (2–9)
27.8±5.8
60.6±20.4
1.48±0.61
59.7±15.1
2.8±1.8
3960 (44.3%)
2795 (31.3%)
4484 (50.2%)
69 (34–116)
5 (2–10)

102 (32.7%)
74.9±13.1
7 (2–9)
26.5±5.5
65.0±22.5
1.35±0.59
64.2±16.1
2.9±1.7
109 (34.9%)
44 (14.1%)
150 (48.1%)
72 (36–133)
8 (2–13)

Data are presented as n (%), mean±SD or median (interquartile range), unless otherwise stated. IMD: index of multiple deprivation (a weighted
standardised measure of socioeconomic status); BMI: body mass index; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; LABA:
long-acting β₂-agonist; LAMA: long-acting antimuscarinic bronchodilator; ICS: inhaled corticosteroid; #: anxiety/depression, asthma,
bronchiectasis, cerebrovascular disease, chronic kidney disease, connective tissue disease, dementia, diabetes mellitus, gastro-oesophageal
reflux, heart failure, hyperlipidaemia, hypertension, ischaemic heart disease, lung cancer, obstructive sleep apnoea, osteoporosis, peripheral
vascular disease, rhino-sinusitis; ¶: exact date of chronic obstructive pulmonary disease (COPD) diagnosis unavailable for 2% of cohort.

risk of death in both ex-smokers and never-smokers compared with active smokers. However, this
relationship inverts in multivariate analysis when adjusted for confounding factors (age, gender, BMI,
IMD, FEV1 % predicted, baseline inhaled medication, presence of comorbidities), with both ex-smokers
(HR 0.78, CI 0.70–0.87; p<0.001) and never-smokers (HR 0.72, CI 0.53–0.99; p=0.039) having a reduced
risk of death. In both sensitivity analyses, inclusion of additional potential confounders (FEV1/FVC % and
time from COPD diagnosis to study start) had minimal effect on hazard ratios, which changed by ⩽0.01
(details in supplementary material).
For hospitalisation data, multivariate analysis showed a significantly reduced risk of respiratory-cause
hospital admission (HR 0.82, CI 0.74–0.89; p<0.001) and respiratory-cause ED attendance (HR 0.78, CI
0.70–0.88; p<0.001) in ex-smokers. In never-smokers, there were trends towards reduced hospital
admission (HR 0.79, CI 0.59–1.06; p=0.113) and ED attendance (HR 0.71, CI 0.45–1.11, p=0.130) that
failed to reach significance at the 5% level (table 3).

Number of COPD patients

5000

FIGURE 1 Distribution of smoking
status by age at start of study.
COPD:
chronic
obstructive
pulmonary disease.
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FIGURE 2 Distribution of age-specific smoking status categorised by severity of airflow obstruction: a) under 55 years, b) 55–64 years, c) 65–74
years, and d) 75 years and older. COPD: chronic obstructive pulmonary disease; GOLD: Global Initiative for Chronic Obstructive Lung Disease [19].

Based on PAR fraction estimates, over the 3 years 14.6% of the COPD population (excluding
never-smokers) would avoid death, 11.8% would avoid at least one respiratory-cause admission and 14.6%
would avoid at least one respiratory-cause ED attendance, if all active smokers became ex-smokers.

Discussion
Our objectives were twofold: to quantify smoking status in a large and representative clinically defined UK
primary care COPD cohort and to explore the relationship between smoking status and clinical outcomes.
We were able to define smoking status in 91.3% of our cohort and have shown that over one-third
continue to smoke, with the highest prevalence of active smokers among younger patients, consistent with

TABLE 2 Variation in outcomes over 3 years (mortality and hospitalisation) for total cohort and for each of the smoking
categories
Total cohort
(n=16 479)

Cohort with known smoking status prior
to study commencement (n=15 040)
Ex-smokers # Never-smokers #
Active
smokers #
(n=8941)
(n=312)
(n=5787)

Deaths n (%)
One or more respiratory
cause admissions n (%)
One or more respiratory
cause ED attendances n (%)

Chi-squared
test (overall)

Pairwise test ¶ (active Pairwise test ¶
versus ex-smoker)
(active versus
never-smoker)

2101 (12.7)
2909 (17.7)

640 (11.1)
1018 (17.6)

1283 (14.3)
1603 (17.9)

50 (16.0)
52 (16.7)

p<0.001
p=0.763

p<0.001
p=0.601

p=0.007
p=0.676

1581 (9.6)

631 (10.9)

799 (8.9)

21(6.7)

p<0.001

p<0.001

p=0.020

ED: emergency department. #: smoking status at study commencement was unavailable in 1439 subjects (8.7% of total cohort); ¶: p-values to
be compared against a Bonferroni-adjusted target of 0.013 (three possible pairwise tests per outcome).
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TABLE 3 Cox regression analysis of time to death, first hospital admission and first emergency department (ED) attendance
(hazard ratios with 95% confidence intervals and p-values)
Outcome

Active smokers¶
(n=5787)

Time to death (from any cause)
Univariate
Adjusted#
Time to first respiratory cause
admission
Univariate
Adjusted#
Time to first respiratory cause
ED attendance
Univariate
Adjusted#

Ex-smokers (n=8941)

Never-smokers (n=312)

Hazard ratio

95% CI

p-value

Hazard ratio

95% CI

p-value

1.00
1.00

1.31
0.78

1.19–1.43
0.70–0.87

<0.001
<0.001

1.48
0.72

1.11–1.97
0.53–0.99

0.008
0.039

1.00
1.00

1.03
0.82

0.95–1.12
0.74–0.89

0.486
<0.001

0.97
0.79

0.73–1.28
0.59–1.06

0.826
0.113

1.00
1.00

0.83
0.78

0.74–0.92
0.70–0.88

<0.001
<0.001

0.63
0.71

0.41–0.98
0.45–1.11

0.038
0.130

#
: the analysis was adjusted for: age, gender, body mass index, index of multiple deprivation rank decile, forced expiratory volume in 1 s %
pred, presence of comorbidities (anxiety/depression, asthma, bronchiectasis, cerebrovascular disease, chronic kidney disease, connective
tissue disease, dementia, diabetes mellitus, gastro-oesophageal reflux, heart failure, hyperlipidaemia, hypertension, ischaemic heart disease,
lung cancer, obstructive sleep apnoea, osteoporosis, peripheral vascular disease, rhino-sinusitis) and inhaled medication at baseline
(long-acting β₂-agonist, long-acting antimuscarinic bronchodilator, inhaled corticosteroid). Multiple imputation was used in the adjusted
analysis, as described in the methods section. ¶: reference category.

other reports [20]. After adjusting for confounding factors (including age, disease severity and inhaled
medication) ex-smokers had a significantly reduced risk of all three adverse outcomes: death, unplanned
respiratory-cause hospital admissions and ED attendances, with an estimated reduction in these outcomes
of 14.6%, 11.8% and 14.6% respectively if all smokers quit. In never-smokers, mortality risk was reduced,
as others have reported [21], but for hospitalisation the adjusted effect estimates were consistent in size
and direction with those in ex-smokers, providing weaker evidence of reduced risk. Failure to reach
significance at the 5% level is probably because the number of never-smokers was small, but might also be
because they represent an especially heterogeneous group.
We acknowledge the limitations and biases inherent in observational studies using routine clinical data
that have not been collected to answer specific research questions and where factors motivating data
recording vary. We report our findings in accordance with the RECORD statement [15]. Although not all
Hampshire practices submit data to HHRA, missing practices are dispersed across the catchment area,
with varying rural/urban classification, socioeconomic deprivation and patient composition. We are not
aware of any systematic differences between missing practices and those whose data are represented.
There are problems in accurately identifying diseases using electronic health records, since diagnostic
codes are used inconsistently in primary care, without quality control at the point of data entry [22].
However, use of electronic templates, common in UK general practice (and widely used in COPD),
reduces missing data and encourages correct code use. QUINT et al. [23] have shown that COPD patients
can be reliably identified from routine health records using diagnostic codes, with little additional benefit
from including spirometry. All our code lists were created by clinicians familiar with the Read code system
in routine practice. Our cohort-defining codes included designated codes in the UK “Quality and Outcome
Framework” (QoF) (www.hscic.gov.uk/qof ) incentive scheme that define COPD for performance-related
pay calculations and have been widely used since the scheme began in 2004. COPD is underdiagnosed, but
the size of our prevalent cohort (1.2% of HHRA population) is consistent with reported prevalence rates
in England [24], so it is likely to be representative of the UK diagnosed COPD population.
Smoking status is now widely recorded in UK primary care [25]. Inconsistent recording may occur,
relating to coding, to different interpretations of the terms “current non-smoker”, “never”, “trivial” and
“ex”-smoker in routine practice and because reports of quitting are often exaggerated [26]. We used the
last smoking code prior to the study start, to improve the validity of any relationship with outcomes, and
have demonstrated that these data were recent. A limitation of our data source is that we were unable to
quantify smoking exposure (e.g. pack-years) in most of our patients, or the time since quitting, factors
shown to be important in affecting outcomes [27]. Pack-year data were not included in our primary
analysis plan, because we expected these to be infrequently and inconsistently recorded in routine primary
care. A supplementary “post hoc” analysis supports this view, in that pack-year data were only recorded in
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15% of patients and showed no relationship to outcomes (see supplementary material). Reported
ex-smoker outcomes also depend on how long subjects are required to have not smoked to be considered
ex-smokers [28]. Our data do not allow calculation of time since quitting and estimates of a minimum
quit time would be problematic in relation to time-to-event analyses, because estimates would include
left-censored covariates. Nevertheless, despite these limitations, we have demonstrated significant and
clinically important differences in outcomes between active and ex-smokers.
We may have underestimated the size of the association between smoking status and outcomes because of
selective survival bias in our prevalent cohort. Active smokers in the cohort may be healthier than those
who died before cohort entry; however, ex-smokers (the main comparator group) might also exhibit this
effect, although perhaps to a lesser degree. The extent of survival bias because of differing disease duration
may only be modest, since the median time from COPD diagnosis to study start for ex-smokers was only
13 months more than for active smokers. Greater smoking exposure and reduced time since quitting might
both increase mortality prior to cohort entry. We were limited in not having smoking cessation date or
pack-year history, with which we could have introduced time-varying covariate information to reduce the
extent of potential survivorship bias.
Missing data are an important limitation of any study using routinely collected health data. We used
multiple imputation to impute missing data among the adjustment variables used in our Cox regression
analyses. This depends on the assumption that imputed data are “missing at random” (MAR), conditional
upon the presence of certain variables. We have attempted to satisfy this condition in our imputation
model, but acknowledge that MAR is an essentially untestable assumption. Baseline data used to
characterise our cohort reflect the most recent values recorded prior to the study start. Later data were not
included but, by the end of the study, it was noted that missing data for lung function and BMI had
halved and smoking status was missing in only 2.6%, suggesting better recording within primary care.
The disparity between our univariate and multivariate outcome analyses highlights the fact that
observational data need to be interpreted with care, because of potential confounding factors. Unadjusted
outcomes in ex-smokers were confounded by factors such as age and severity but, in adjusted analyses,
smoking cessation was independently associated with both reduced mortality and hospitalisation. Our
findings are consistent with a recent Italian study (using life tables and smoking questionnaire data) which
showed that quitting smoking confers mortality benefits at all ages, with a one-third reduction in the risk
of dying from COPD in those aged 70–74 years [29]. Similarly, a large Australian study showed reduced
hospitalisation because of COPD within 5–14 years of stopping smoking, even at older ages [27]. Reduced
hospitalisation has been demonstrated in both early and sustained quitters [11], but other studies report
increased admission rates in recent quitters (less than 5 years) but reduced respiratory symptoms in
sustained quitters [30] and a reducing risk of exacerbations with longer periods of abstinence [9].
The prevalence of never-smokers in our clinically defined cohort is considerably lower than in
population-based cross-sectional surveys of subjects whose spirometry met criteria for COPD [31, 32].
Many factors cause COPD worldwide [33], but clinical experience in the UK suggests that COPD in a
non-smoker is uncommon and indicates the need for diagnostic review and consideration of asthma or
rare diseases such as α1-antitrypsin deficiency. However, one explanation for low numbers of
never-smokers on practice COPD registers is that the diagnosis is less likely to be considered, because of
the disease’s clear association with smoking. In this study, we re-classified, as ex-smoker, those patients
whose latest code was “never-smoker”, but whose earlier codes indicated a past history of smoking. We
believe this strategy improved the overall reliability of our never-smoker definition, though potentially
overcompensating if earlier smoking history was incorrect.
A strength of HHRA is that it links routinely collected patient-anonymised data from primary and
secondary care, providing more reliable estimates of secondary care contacts than most UK primary care
datasets, in which hospitalisation data rely on coding in primary care records after discharge [34]. We were
able to use hospital-coded discharge data for the entire cohort and used “primary” diagnoses to quantify
respiratory-cause admissions. A systematic review has shown primary diagnosis coding accuracy of 96.0%
(IQR 89.3–96.3), concluding that “routinely collected data are sufficiently robust to support their use for
research and managerial decision-making” [35]. In quantifying hospitalisations, we have not made any
distinction between patients with one or more episodes, mainly because of the low numbers of patients
with more than two. We report all-cause mortality, as we do not have access to certified cause of death.
We believe that our results are generalisable to a wider UK population. HHRA holds data for over 1.4 million
patients, representing >75% of Hampshire’s population. COPD prevalence, healthcare and outcomes
(hospitalisation and mortality) appear to be “average” when Hampshire is compared with the rest of England,
although considerable variation has been demonstrated within Hampshire [24]. Hampshire may not be
representative of large inner cities with marked ethnic diversity; indeed, 89% of its inhabitants were White

https://doi.org/10.1183/13993003.02114-2016

7

COPD | L. JOSEPHS ET AL.

British in the 2011 census [36]. However, there is heterogeneity across the county, with urban areas having
greater ethnic diversity, especially Southampton, where the proportion of White British is 77.7%, compared
with a national average of 80.5%. Ethnicity was poorly recorded in our dataset but our cohort encompassed a
broad socioeconomic spectrum, as reflected in the range of IMD scores (IQR 3–8, median 6) when these
weighted standardised measures of socioeconomic status were ranked according to national deciles.
In conclusion, we used a UK primary–secondary care linked database to define a cohort of >16 000
patients with a clinical diagnosis of COPD in whom we assessed smoking status and its relationship to
major clinical outcomes over 3 years. Our findings suggest that 14.6% of deaths and respiratory-cause ED
attendances and 11.8% of respiratory-cause admissions could be avoided if all smokers quit. Over
one-third of this cohort continues to smoke, as do the majority of younger patients, who have the most to
gain by stopping. Our findings could be used to encourage patients to quit. Smoking cessation should be
top priority in COPD [37, 38], but worrying evidence suggests that fewer people are seeking specialist
services [39], despite advances in the science and delivery of smoking cessation support [40, 41]. While
funding cuts have led to reduced provision of these services, our findings emphasise the need for
continued investment to improve patient care and reduce pressures on health services.
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