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ABSTRACT
Background Comorbidities associated with systemic
inflammation including cardiovascular disease (CVD),
stroke and diabetes mellitus (DM) are common among
individuals with chronic obstructive pulmonary disease
(COPD). A study was undertaken to quantify the burden
of comorbidity and to determine the risk of first acute
arteriovascular events among individuals with COPD.
Methods The computerised primary care records of
1 204 100 members of the general population aged
$35 years on 25 February 2005 were searched for
recordings of each disease. Data were analysed using
multivariate logistic regression. Cox regression was used to
determinewhether individualswith COPDwere at increased
risk of acute myocardial infarction (MI) and stroke.
Results Cross-sectional analyses showed that physician-
diagnosed COPD was associated with increased risks of
CVD (OR 4.98, 95% CI 4.85 to 5.81; p<0.001), stroke (OR
3.34, 95% CI 3.21 to 3.48; p<0.001) and DM (OR 2.04,
95% CI 1.97 to 2.12; p<0.001). In the follow-up analyses,
after adjusting for confounding by sex and smoking status
and stratifying for age, the greatest increase in the rate of
acute arteriovascular events was found in the youngest
age groups; the HR for acute MI was 10.34 (95% CI 3.28
to 32.60; p<0.001) and for stroke the HR was 3.44 (95%
CI 0.85 to 13.84; p<0.001) compared with the oldest age
group.
Conclusion Individuals with COPD are substantially more
likely to have pre-existing CVD, DM or a previous stroke
and are at high risk of acute arteriovascular events.
National COPD guidelines and models of care need to
adapt to provide an integrated approach to addressing
these comorbidities.

INTRODUCTION
Chronic obstructive pulmonary disease (COPD)
causes 5% of deaths in the UK1 and may contribute
to more. Cardiovascular disease (CVD) and cere-
brovascular disease are the leading causes of
morbidity and mortality in high-income countries,
together accounting for 27% of all deaths; diabetes
mellitus (DM), an important risk factor for both
these diseases, independently accounts for at least
2.6% of deaths in these countries.2 People with
COPD are at high risk of hospitalisation and death
from CVD3 4 and cerebrovascular disease5 6 and at
increased risk of DM.7 Despite this, there is
a paucity of data to quantify the degree to which
these diseases coexist in COPD.

We therefore used UK-wide primary care data to
quantify the association between COPD and diag-
noses of cardiovascular disease, stroke and DM, and
to determine whether individuals with COPD are
at increased risk of a subsequent first cardio-cere-
brovascular event compared with those without
COPD. These associations were examined further
for evidence of variation according to age, sex,
smoking history, socioeconomic status and region
of residence.

METHODS
Dataset
The Health Improvement Network (THIN) is
a large database of anonymised computerised
primary care medical records collected at 311
general practices throughout the UK and has been
shown to have high standards of validity.8

Study population
All patients alive and contributing to THIN on 25
February 2005 were included in the study. These
patients were originally identified as part of a larger
study of current care for patients with COPD
1 year after the introduction of the General Medical
Services contract in February 2004; the results are
published elsewhere.9 For this analysis, patients
were defined as having COPD if they were aged
>35 years and had a relevant diagnosis recorded
prior to the baseline date.10 Where possible, in
those with COPD the percentage predicted forced
expiratory volume in 1 s (FEV1) was calculated
using standard reference tables11 and patients were
grouped according to disease severity using British
Thoracic Society (BTS) guidelines.10 Details of sex,
age, smoking status, region of residence and post-
code level sociodemographic indicators were also
extracted.

Definition of outcomes
All patient records were searched to identify diag-
noses of CVD, stroke and DM. Our definition of
CVD included diagnoses of angina, myocardial
infarction (MI), heart failure, peripheral vascular
disease and aortic aneurysm, and having undergone
a previous angioplasty procedure. Cardiac
arrhythmias and valvular heart disease were
excluded because of their wide range of potential
aetiologies; right-sided heart disease was excluded
as it frequently results from primary pulmonary
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pathology. Our definition of stroke included diagnoses of
subarachnoid and intracranial haemorrhage and transient
ischaemic attack. To increase the sensitivity of our case defini-
tion for DM, we included all patients who had received
prescriptions for oral hypoglycaemic agents or insulin.

Analysis strategy
Two analyses were carried out, a cross-sectional analysis to
establish the prevalence of comorbid disease among patients
with and without COPD and a survival analysis to determine
whether individuals with COPD are at increased risk of subse-
quent first acute MI or stroke. The baseline date for both anal-
yses was 25 February 2005.

Cross-sectional analysis
Our primary outcome was the relation between prevalent
COPD and a diagnosis of each of CVD, stroke or DM on or prior
to the baseline date. Logistic regression models were used to
estimate the relevant ORs. Separate multivariable models were
built for each disease to look for confounding or effect modifi-
cation by age, sex, smoking status, quintile of postcode level
Townsend index of deprivation,12 region of residence (grouped
by Strategic Health Authority13) and each of the other comor-
bidities of interest. Factors which changed the summary OR for
the main comorbidity of interest by at least 10% were retained.
Likelihood ratio testing (with threshold p¼0.05) was used to
determine whether models incorporating interaction terms
provided a better fit. Where evidence of effect modification was
found, ORs were calculated separately for each level of that
factor.

Survival analysis
Crude rates of stroke and acute MI were calculated for patients
with and without COPD. Cox proportional hazards models
were used to produce adjusted HR estimates to determine
whether individuals with COPD have a greater risk of subse-
quent MI or stroke than those without. Any new record
subsequent to the baseline date was noted to indicate an inci-
dent event. Patients with a previous diagnosis of stroke or CVD
prior to the baseline date were excluded from the stroke and
acute MI analyses respectively as the risk of a second event is
likely to differ from that of the first. End of follow-up was
defined as the last date of data collection at the patient’s practice
or date of death or transfer to another practice. Increase in
all-cause mortality in those with COPD has been determined
previously using this dataset and was therefore not repeated.9

Likelihood ratio testing was used to determine whether there
was evidence of effect modification, and a change of 10% or
more in the HR estimate was deemed to indicate confounding.
Consistency with the proportional hazards assumption was
assessed using tests based on scaled Schoenfeld residuals.14 All
analyses were carried out using Stata 10 SE (Stata Corp, Texas,
USA).

Sensitivity analyses
Several sensitivity analyses were performed to explore the
possible effects of misclassification of smoking status (see online
data supplement). In brief, we repeated our analyses recategor-
ising ex-smokers as current smokers and those with unknown
smoking status as never smokers and as current smokers. We
also performed the analyses excluding those with COPD but
without a record for FEV1. Finally, we repeated the survival
analysis for both outcomes excluding patients with previous
diagnoses of either stroke or CVD for comparison.

RESULTS
Study population
A total of 1 204 110 active patients aged >35 years on 25
February 2005 were identified, 2.5% of whom had COPD. More
patients resided in areas of least deprivation (22.5%) than in the
most deprived areas (9.2%). In addition, the south-east region of
the UK was over-represented, contributing 17.6% of patients
compared with the north-east, for example, which contributed
around 3%. Eighty-six percent of patients with a diagnosis of
COPD were current or ex-smokers. Spirometry data were
available for 61.9% of patients, the majority of whom had mild
(37.5%) or moderate (19.1%) disease (table 1).

Cross-sectional analysis
In the univariable analysis, COPD was associated with a fivefold
increase in the odds of having had CVD (OR 4.98, 95% CI 4.85
to 5.81; p<0.001), a threefold increase in the odds of having had
a stroke (OR 3.34, 95% CI 3.21 to 3.48; p <0.001) and twofold
increase in the odds of having DM (OR 2.04, 95% CI 1.97 to
2.12; p<0.001) compared with those without COPD. In the
multivariable analysis there was evidence of effect modification
by smoking history and age group (table 2).

Cardiovascular disease
The association between diagnoses of COPD and CVD was
strongest in the younger age groups, with never smokers with
COPD having a 7.7-fold increased prevalence of CVD compared
with those without COPD. This association persisted across all
ages but reduced as age increased and, in almost all age groups,
was stronger among never-smokers than among ex-smokers or
current smokers of the same age (table 2).

Stroke
The increase in odds of having had a stroke among individuals
with COPD was generally lower than that for CVD for all age
groups and was less consistently associated with smoking
status. The effects were greatest in the youngest current
smokers (OR 5.1, 95% CI 2.6 to 9.9) and this association reduced
in magnitude with advancing age (table 2).

Diabetes mellitus
COPD was associated with a small increase in the odds of DM
in the younger age groups and was generally slightly higher in
never smokers. The greatest effect was seen in the youngest
current smokers (OR 2.4, 95% CI 1.6 to 3.6) and 45e55-year-old
never smokers (OR 2.4, 95% CI 1.5 to 4.0). In older age groups,
COPD was associated with a reduction in DM regardless of
smoking status (OR 0.7, 95% CI 0.7 to 0.8 for current smokers;
table 2).

Survival analysis
The median duration of follow-up was 895 days (IQR 893e895),
during which time 2699 first acute MIs and 9691 first strokes
were recorded. The last day of the follow-up period for both
outcomes was 20 August 2007. All models were found to be
consistent with the proportional hazards assumption.

Acute myocardial infarction
Crude rates of MI were higher in women and in ex-smokers and
current smokers and increased with advancing age and
increasing deprivation (table 3). There was evidence of effect
modification by age and confounding by smoking; sex was
included as an a priori confounder. Region, Townsend score and

Thorax 2010;65:956e962. doi:10.1136/thx.2009.128082 957

Chronic obstructive pulmonary disease

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2009.128082 on 25 S

eptem
ber 2010. D

ow
nloaded from

 

http://thorax.bmj.com/


diagnoses of stroke and DM had minimal impact on the final
model and were excluded. In the crude analysis, COPD was
associated with a 3.5-fold increase in the rate of acute MI (95%
CI 3.02 to 4.13; p<0.001). In the adjusted analysis, HRs were
greatest among those in the youngest age group (HR 10.34, 95%
CI 3.28 to 32.60; p<0.001) and lowest in those aged >75 years
(HR 1.34, 95% CI 1.03 to 1.73; p<0.001; table 4). Cumulative
incidence plots are shown in figure 1.

Stroke
Crude rates of stroke were higher in men and ever smokers and
increased with age and quintiles of deprivation (table 3). The
multivariable analysis identified age and smoking as confounders
and sex was again included as an a priori confounder. Region,
Townsend score and diagnoses of CVD and DM had no impact
on the final model and were excluded. In the crude analysis,
COPD was associated with a 2.8-fold increase in the rate of acute
stroke (95% CI 2.56 to 3.04, p<0.001). The adjusted model again
found the highest HR in the youngest age group (HR 3.44, 95%
CI 0.85 to 13.84; p<0.001) and a clear gradual reduction with
advancing age, with the oldest age group having a HR of 1.10

(95% CI 0.98 to 1.23; p<0.001; table 4). Cumulative incidence
plots are shown in figure 2.

Sensitivity analyses
In the cross-sectional analysis, recategorising those with
unknown smoking status as never smokers resulted in a small
increase in the adjusted OR for CVD and DM and a greater
increase in the OR for stroke (adjusted OR 8.2 for stroke in never
smokers aged 35e44 years, 95% CI 2.0 to 33.4). These effects
were greatest in younger patients, and for all three outcomes the
OR was greatest in never smokers compared with current
smokers. No change was seen in the results for the survival
analyses with this grouping. When patients with unknown
smoking status were recategorised as current smokers, there was
again an increase in adjusted OR for all outcomes and across all
age groups with the greatest increase seen for stroke and in
younger patients. As in the original analysis, the OR for CVD
and DM was greater in never smokers whereas, for stroke, the
trend changed from showing no real relation with smoking
status to being greater in current smokers (adjusted OR 7.4 for
stroke in current smokers aged 35e44 years, 95% CI 3.9 to 13.9).

Table 1 Demographic characteristics of study population by diagnosis of COPD

No COPD
(n[1174240)

COPD
(n[29870)

Total
(n[1204110)

Sex Men 603735 (51.4) 14355 (48.1) 618090 (51.3)

Women 570505 (48.6) 15515 (51.9) 586020 (48.7)

Age (years) 35e44 327277 (27.9) 523 (1.8) 327800 (27.2)

45e54 272285 (23.2) 2090 (7.0) 274375 (22.8)

55e64 248336 (21.2) 6136 (20.5) 254472 (21.1)

65e74 167637 (14.3) 9465 (31.7) 177102 (14.7)

$75 158705 (13.5) 11656 (39.0) 170361 (14.2)

Smoking status Never smoker 504118 (42.9) 3685 (12.3) 507803 (42.2)

Ex-smoker 136564 (11.6) 6229 (20.9) 142793 (11.9)

Current 387552 (33.0) 19518 (65.3) 407070 (33.8)

Unknown 146006 (12.4) 438 (1.5) 146444 (12.2)

Region13 East 101539 (8.7) 2236 (7.5) 103775 (8.6)

East Midlands 71141 (6.1) 1521 (5.1) 72662 (6.0)

London 137994 (11.8) 2429 (8.1) 140423 (11.7)

North East 37555 (3.2) 1307 (4.4) 38862 (3.2)

North West 134336 (11.4) 5273 (17.7) 139609 (11.6)

Northern Ireland 33341 (2.8) 1116 (3.7) 34457 (2.9)

Scotland 73649 (6.3) 2341 (7.8) 75990 (6.3)

South East 208659 (17.8) 3694 (12.4) 212353 (17.6)

South West 92737 (7.9) 2164 (7.2) 94901 (7.9)

Wales 84788 (7.2) 2591 (8.7) 87379 (7.3)

West Midlands 124752 (10.6) 3231 (10.8) 127983 (10.6)

Yorkshire & Humber 73739 (6.3) 1967 (6.6) 75716 (6.3)

Townsend score12 1 (least deprivation) 267291 (22.8) 3792 (12.7) 271083 (22.5)

2 255651 (19.2) 4207 (14.1) 229858 (19.1)

3 203022 (17.3) 5078 (17.0) 208100 (17.3)

4 161179 (13.7) 5917 (19.8) 167096 (13.9)

5 (most deprivation) 105180 (9.0) 5432 (18.2) 110612 (9.2)

6 (missing) 211917 (18.1) 5444 (18.2) 217361 (18.1)

Comorbidities CVD 85073 (7.2) 8369 (28.0) 93442 (7.8)

Stroke 37342 (3.2) 2955 (9.9) 40297 (3.4)

Diabetes mellitus 74809 (6.4) 3643 (12.2) 78452 (6.5)

One or more comorbidities 163634 (13.9) 11714 (39.2) 175348 (14.6)

ppFEV1
10 50e80% 11202 (37.5)

30e49% 5694 (19.1)

<30% 1574 (5.3)

Missing 11400 (38.2)

Values are shown as n (%).
Percentages do not always sum to 100% due to rounding errors.
COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; ppFEV1, percentage predicted forced expiratory volume in
1 s.
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In the survival analysis the adjusted HRs were slightly higher for
both acute MI and stroke across all ages, with the greatest
effects in the younger patients. Recategorising patients who
were ex-smokers as current smokers made no difference to the
results of the cross-sectional or survival analyses for any of the
outcomes. When we repeated the analyses excluding patients
with COPD who did not have a record for FEV1, there was no
clinically important change to the results. Finally, results from
the survival analysis were similar when excluding either patients
with a previous diagnosis of stroke or previous diagnoses of both
stroke and CVD at baseline (see online data supplement).

DISCUSSION
As expected, our cross-sectional analysis identified a strong
association between having COPD and a past diagnosis of CVD,
with the strongest effect seen in the youngest patients. A similar
but weaker association was found between COPD and having
had a stroke. COPD was associated with increased odds of DM
in younger patients but a decrease in odds in older age groups.
We also found strong evidence of an increased risk of subsequent
stroke (more than threefold) and acute MI (more than tenfold)
in patients with COPD compared with those without, again
with the greatest effect in younger patients.

Our results should be representative of the UK population as
it includes patients from all UK regions.9 The overall percentage
of missing data was small and our results were consistent when
we repeated the analyses excluding these patients. Although
participating GP practices in THIN are self-selecting, this is
unlikely to result in inaccurate reporting of the diseases of
interest. There is a slight over-representation of younger more
affluent patients in THIN, but our observed prevalence of COPD
is comparable with national data.15

Use of routine medical records should eliminate differential
misclassification due to recall or interviewer bias. The prevalence
of stroke in our dataset was relatively low compared with
national data,16 which may be due to some affected individuals
not requiring ongoing monitoring or medication and therefore
being less likely to have a diagnosis in their records. In contrast,
CVD and DM usually require regular monitoring and symptom

control in primary care and are thus more likely to be recorded;
additionally, we used prescription records to increase the sensi-
tivity of our definition for DM. It was not possible to check the
validity of diagnoses for COPD, although availability of
spirometry results for many patients partly mitigates this and
our prevalence of COPD was comparable to national data. We
were unable to adjust for ethnicity as these data are not included
in THIN.
We did not use the lung function data for our analyses

because, contrary to current guidelines,10 38% of patients with
COPD had no spirometry records. These tended to be older
patients (45% were aged >75 years) and are likely to be those
with more severe disease. No clinically important difference was
seen in the results after excluding patients with COPD but
without spirometry records from the analysis, suggesting
misclassification of COPD in our dataset was not a significant
problem.
The main limitation of our study is the potential for differ-

ential misclassification of smoking status: patients with COPD
or CVD are more likely to be questioned about smoking than
healthy individuals or infrequent primary care attendees. While
previous studies suggest that GP records may be an unreliable
indicator of smoking status,17 the proportion of smokers in our
population is similar to national data18 and the proportion of
patients without a record of smoking status was acceptable.
Importantly, the sensitivity analyses that we performed to
explore the possible effects of misclassification of smoking status
found little impact on the overall results, which suggests this
was not a major problem in our dataset (see online data
supplement).

COPD and CV disease
To our knowledge, no large studies have investigated the
difference in prevalence of CVD between patients with and
without diagnoses of COPD or performed stratified analyses by
age or smoking. It is well recognised that people with COPD4 or
smokers with impaired lung function19 have high cardiovas-
cular-related mortality; some suggest this is especially common
in people with mild to moderate COPD compared with those

Table 2 Crude and adjustedy ORs from multivariable analysis of having COPD and a previous diagnoses of CVD, stroke or DM in different strata of
smoking status and age in years

Comorbid diseases Crude OR (95% CI)

Adjusted OR (95% CI)

Age (years)

35e44 45e54 55e64 65e74 ‡75

CVD Summary 4.98 (4.85 to 5.81)

Never smokers 7.7 (1.9 to 31.5) 3.8 (1.9 to 7.4) 3.4 (2.5 to 4.5) 2.2 (1.9 to 2.5) 2.3 (2.1 to 2.5)

Ex-smokers y 3.4 (1.9 to 6.2) 2.1 (1.8 to 2.6) 1.7 (1.6 to 1.9) 1.4 (1.3 to 1.5)

Current smokers 6.8 (4.1 to 11.3) 2.8 (2.4 to 3.4) 2.2 (2.1 to 2.4) 1.6 (1.5 to 1.7) 1.6 (1.5 to 1.7)

Unknown * 34.6 (4.4 to 268.6) 4.3 (1.1 to 17.9) 6.3 (3.3 to 12.0) 4.0 (3.0 to 5.3)

Stroke Summary 3.34 (3.21 to 3.48)

Never smokers 3.7 (0.5 to 26.5) 2.4 (0.8 to 7.6) 1.4 (0.8 to 2.5) 1.6 (1.2 to 2.0) 1.0 (0.9 to 1.2)

Ex-smokers * 2.4 (0.8 to 7.7) 1.5 (1.0 to 2.1) 1.1 (1.0 to 1.3) 0.9 (0.8 to 1.0)

Current smokers 5.1 (2.6 to 9.9) 2.2 (1.7 to 3.0) 2.0 (1.7 to 2.2) 1.2 (1.1 to 1.3) 1.0 (0.9 to 1.1)

Unknown 111.6 (14.2 to 877.9) 69.9 (14.8 to 329.1) 3.3 (0.4 to 24.0) 3.3 (1.3 to 8.3) 2.5 (1.8 to 3.5)

DM Summary 2.04 (1.97 to 2.12)

Never smokers 2.1 (0.8 to 5.7) 2.4 (1.5 to 4.0) 1.7 (1.2 to 2.3) 1.3 (1.0 to 1.5) 0.9 (0.8 to 1.1)

Ex-smokers * 1.1 (0.5 to 2.3) 1.0 (0.8 to 1.3) 0.9 (0.8 to 1.0) 0.8 (0.7 to 0.9)

Current smokers 2.4 (1.6 to 3.6) 1.4 (1.2 to 1.7) 1.1 (1.0 to 1.2) 0.8 (0.8 to 0.9) 0.7 (0.7 to 0.8)

Unknown * * 6.0 (2.1 to 16.8) 2.4 (1.0 to 5.7) 1.8 (1.1 to 2.8)

*Unable to calculate as too few observations.
yCVD adjusted for sex; stroke and DM adjusted for sex and previous CVD.
COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; DM, diabetes mellitus.
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with severe disease where the primary cause of death is usually
respiratory disease.20 Furthermore, in people without COPD and
with almost normal lung function, percentage predicted FEV1

has been shown to be inversely associated with CVD. In a study
of >15 000 patients followed for 15 years, the Relative Risk (RR)
of cardiovascular-related mortality was 1.56 (95% CI 1.26 to
1.92) comparing lowest with highest quintiles of FEV1 (range
73e113%).21 Other studies have found similar results using
percentage predicted FEV1 and less specific markers of lung

function.22 23 Conversely, the Whitehall study found an associ-
ation between possible symptoms of COPD (chronic phlegm
production) and increased cardiovascular-related mortality, but
this disappeared after correcting for percentage predicted FEV1.

24

COPD and stroke
No studies were identified describing the risk of stroke in people
with either COPD or low percentage predicted FEV1. However,
several cohort studies have used absolute values for FEV1, the

Table 4 Increase in rate of developing acute myocardial infarction (MI) and stroke in those with chronic obstructive pulmonary disease compared
with those without in strata of age in years and adjusted for sex and smoking status

Outcome Crude HR (95% CI)

Adjusted HR (95% CI)

Age (years)

35e44 45e54 55e64 65e74 ‡75

Acute MI 3.53 (3.02 to 4.13) 10.34 (3.28 to 32.60) 1.22 (0.55 to 2.74) 1.55 (1.07 to 2.26) 1.78 (1.37 to 2.31) 1.34 (1.03 to 1.73)

Stroke 2.79 (2.56 to 3.04) 3.44 (0.85 to 13.84) 2.21 (1.34 to 3.63) 1.70 (1.35 to 2.15) 1.06 (0.90 to 1.26) 1.10 (0.98 to 1.23)

Table 3 Crude rates of acute myocardial infarction (MI) and stroke by diagnosis of chronic obstructive
pulmonary disease (COPD) and demographic characteristics

Rate of acute MI* in patients per 1000000
per year (95% CI)

Rate of strokey in patients per 1000000 per
year (95% CI)

No COPD COPD No COPD COPD

Sex

Men 1.9 (1.8 to 2.0) 7.8 (6.1 to 9.9) 10.0 (9.8 to 10.3) 26.5 (23.6 to 29.9)

Women 3.8 (3.6 to 4.0) 12.0 (9.9 to 14.6) 9.4 (9.1 to 9.7) 27.8 (24.8 to 21.1)

Age (years)

35e44 0.5 (0.4 to 0.5) 7.2 (2.3 to 22.4) 1.0 (0.9 to 1.1) 4.8 (1.2 to 19.0)

45e54 1.9 (1.7 to 2.0) 3.7 (1.7 to 8.3) 3.0 (2.8 to 3.3) 9.4 (5.8 to 15.4)

55e64 3.1 (2.9 to 3.4) 6.9 (4.8 to 10.0) 7.1 (6.8 to 7.5) 15.7 (12.5 to 19.7)

65e74 5.1 (4.7 to 5.5) 11.8 (9.3 to 15.0) 17.1 (16.4 to 17.8) 21.4 (18.2 to 25.1)

$75 8.2 (7.7 to 8.8) 12.3 (9.7 to 15.7) 41.7 (40.5 to 42.9) 45.8 (41.1 to 51.0)

Smoking
status

Never
smoker

2.0 (1.8 to 2.1) 8.5 (5.4 to 13.5) 9.3 (9.0 to 9.6) 30.7 (24.6 to 38.3)

Ex-smoker 3.6 (3.2 to 4.0) 11.1 (8.0 to 15.5) 15.2 (14.4 to 15.9) 28.8 (24.1 to 34.4)

Current
smoker

4.0 (3.8 to 4.2) 9.8 (8.1 to 11.7) 9.8 (9.5 to 10.2) 26.2 (23.6 to 29.0)

Unknown 1.9 (1.6 to 2.1) 13.0 (4.2 to 40.3) 5.8 (5.4 to 6.3) 19.9 (8.3 to 47.9)

Townsend
score12

1 2.5 (2.3 to 2.7) 11.6 (8.0 to 17.0) 7.8 (7.4 to 8.2) 30.0 (24.2 to 37.3)

2 2.7 (2.5 to 2.9) 7.6 (4.9 to 12.0) 9.8 (9.4 to 10.3) 24.7 (19.6 to 31.0)

3 2.8 (2.6 to 3.1) 11.4 (8.1 to 16.0) 9.9 (9.4 to 10.4) 26.4 (21.6 to 32.3)

4 3.2 (2.9 to 3.5) 10.7 (7.7 to 14.8) 11.2 (10.7 to 11.8) 27.6 (23.0 to 33.1)

5 3.7 (3.3 to 4.1) 12.7 (9.2 to 17.4) 12.3 (11.5 to 13.1) 27.3 (22.5 to 33.1)

Missing 2.6 (2.3 to 2.8) 5.6 (3.5 to 8.9) 9.5 (9.0 to 10.0) 27.2 (22.4 to 33.0)

Region13

East 2.8 (2.5 to 3.3) 9.8 (5.6 to 17.2) 9.8 (9.1 to 10.5) 24.2 (17.4 to 33.5)

East
Midlands

2.8 (2.3 to 3.2) 17.0 (10.2 to 28.2) 9.3 (8.5 to 10.1) 28.7 (20.2 to 40.9)

London 2.0 (1.7 to 2.2) 4.8 (2.3 to 10.1) 7.7 (7.2 to 8.3) 26.2 (19.5 to 35.0)

North East 2.2 (1.7 to 2.8) 8.5 (3.8 to 18.9) 11.6 (10.4 to 12.9) 26.5 (17.7 to 39.5)

North West 3.2 (2.9 to 3.6) 11.8 (8.5 to 16.5) 9.9 (9.3 to 10.5) 30.0 (24.9 to 36.0)

Northern
Ireland

3.0 (2.4 to 3.8) 7.6 (3.2 to 18.3) 10.3 (9.1 to 11.5) 18.2 (11.0 to 30.2)

Scotland 3.7 (3.2 to 4.3) 10.0 (5.8 to 17.2) 10.8 (10.0 to 11.7) 33.0 (25.3 to 43.1)

South East 2.9 (2.6 to 3.1) 5.8 (3.4 to 10.1) 9.5 (9.1 to 10.0) 27.6 (22.0 to 34.7)

South West 2.8 (2.5 to 3.3) 13.1 (8.1 to 21.1) 11.6 (10.9 to 12.4) 23.0 (16.6 to 31.9)

Wales 2.8 (2.4 to 3.2) 10.7 (6.6 to 17.5) 9.4 (8.7 to 10.1) 24.5 (18.3 to 32.8)

West
Midlands

2.4 (2.1 to 2.7) 9.6 (6.0 to 15.2) 9.4 (8.8 to 10.0) 30.1 (23.8 to 38.2)

Yorkshire 3.4 (2.9 to 3.9) 12.0 (6.9 to 20.6) 10.1 (9.3 to 11.0) 24.1 (17.1 to 34.1)

*Excluding those with a previous diagnosis of cardiovascular disease.
yExcluding those with a previous diagnosis of stroke.
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majority finding an inverse association between FEV1 and
incidence of stroke or mortality due to stroke.21 25e27 The
Whitehall study of 18 403 men aged 40e64 years found that
those with an FEV1 <3.0 litres, independent of other risk factors,
were almost twice as likely to die from a stroke as those with an
FEV1 >3.5 litres.26 However, other studies have observed this
only in subgroups of the population25 27 or have detected no
association.28

COPD and diabetes mellitus
Rana et al reported a prospective cohort study of >100 000
patients which found an adjusted RR of 1.8 (95% CI 1.1 to 2.8)
for DM in those with COPD compared with those with
asthma.7 Other cohort studies have not looked specifically at
COPD but have identified a consistent inverse relation between
forced vital capacity and the risk of developing DM and reported
similar results with FEV1.

29

This study provides robust evidence that patients with COPD
are at significantly higher risk than the general population of
having CVD, cerebrovascular disease and (to a lesser extent)
DM, and therefore at a much higher risk of premature mortality.
While the highest relative risks are for individuals in the youn-
gest age group, the highest absolute burden of comorbid disease
lies in the older age group which constitutes 39% of the popu-
lation with COPD, despite the comparatively low relative risks

of this group (probably a consequence of healthy survivor bias).
In addition, COPD is underdiagnosed in primary care,30 so the
true difference in risks between those with and without COPD
may be even greater.
Overall, the extent to which COPD, CVD, stroke and DM are

interrelated is striking; almost 40% of all individuals with COPD
have an existing diagnosis of at least one of these other diseases
and are at substantially increased risk of experiencing future
acute arteriovascular events. While one obvious explanation for
these observations is shared risk factors such as smoking, poor
diet and low socioeconomic class, there is good evidence that,
even after adjusting for these and other confounders such as age,
an independent relation still exists.31 It is increasingly recognised
that these diseases are all characterised by chronic systemic
inflammation7 32 and that the coexistence of these conditions in
individuals may be because they represent different facets of
a single syndrome.33 The observation that the greatest effect of
COPD on having CVD appears to be in patients without
a history of smoking is intriguing. For DM and, to a lesser
extent, stroke, the effect is greater in current smokers for the
youngest patients and, after the age of 45 years, becomes greater
in never smokers. Our sensitivity analyses confirm that this
relation with smoking is likely to be real and may result from
complex interactions with smoking and the different impact of
chronic inflammation on development of these conditions at
different ages.
These data provide further evidence that, to improve patient

care, health service models for people with COPD and national
guidelines10 need to recognise the extent to which these condi-
tions are co-incident. It also provides additional evidence that, at
the time of diagnosis of COPD, healthcare professionals must be
proactive and, where appropriate, must seek to promote early
diagnosis and treatment and aggressively target risk factors in
order to reduce the risk of premature mortality.34
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