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Background: It is generally accepted that people with chronic obstructive pulmonary disease
(COPD) are at increased risk of vascular disease, including venous thromboembolism (VTE).
While it is plausible that the risk of arterial and venous thrombotic events is greater still in
certain subgroups of patients with COPD, such as those with more severe airflow limitation
or more frequent exacerbations, these associations, in particular those between venous events
and COPD severity or exacerbation frequency, remain largely untested in large population
cohorts.

Methods: A total of 3,594 patients with COPD with a first VTE event recorded during January 1,
2004 to December 31, 2013, were identified from the Clinical Practice Research Datalink dataset
and matched on age, sex, and general practitioner practice (1:3) to patients with COPD with
no history of VTE (n=10,782). COPD severity was staged by degree of airflow limitation (ie,
GOLD stage) and by COPD medication history. Frequent exacerbators were defined as patients
with COPD with =2 exacerbations in the 12-month period prior to their VTE event (for cases)
or their selection as a control (for controls). Conditional logistic regression was used to estimate
the association between disease severity or exacerbation frequency and VTE.

Results: After additional adjustment for nonmatching confounders, including body mass
index, smoking, and heart-related comorbidities, there was evidence for an association between
increased disease severity and VTE when severity was measured either in terms of lung func-
moderatemiig =1+ 105 95% confidence intervals [Cls] =1.03, 1.32)
veremildmodenie =1-175 95% Cls =1.06, 1.26). However, there was no
evidence to suggest that frequent exacerbators were at greater risk of VTE compared with
infrequent exacerbators (OR =1.06; 95% ClIs =0.97, 1.15).

Conclusion: COPD severity defined by airflow limitation or medication usage, but not exacer-

tion impairment (odds ratio [OR]

or medication usage (OR

bation frequency, appears to be associated with VTE events in people with COPD. This finding
highlights the disconnect between disease activity and severity in COPD.
Keywords: COPD, venous thromboembolism, Clinical Practice Research Datalink, frequent

exacerbators

Introduction

Chronic obstructive pulmonary disease (COPD), which is currently ranked fourth in
the list of causes of global mortality,' represents a considerable and potentially growing
burden on health services worldwide. As it is largely a disease of middle-age, patients
with COPD frequently present with other age- and smoking-related chronic diseases:
comorbidities that are common in COPD thus include cardiovascular disease (CVD),
diabetes, skeletal muscle weakness, lung cancer, osteoporosis, and depression. Of these,
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CVD is a leading cause of morbidity and mortality among
patients with COPD, especially among those with mild-to-
moderate disease.??

The close association between CVD and COPD has
received much attention over the past 1015 years. Although
common risk factors (eg, smoking and aging) are undoubt-
edly important, COPD has been established as an independent
risk factor for selected CVD outcomes, in particular myo-
cardial infarction (MI), with low-grade, chronic systemic
inflammation proposed as the common denominator linking
the two mechanistically.>* Moreover, several researchers
have suggested that the increased risk of CVD is greater
still in those with more severe disease® and around the time
of an exacerbation, findings which are in keeping with the
systemic inflammation hypothesis.”

Although systemic inflammation has been identified as a
pathologic feature of COPD at all stages of disease severity,
experimental evidence suggests that it intensifies as lung
function deteriorates and disease progresses.® Similarly,
exacerbations of COPD have been associated with acutely
increased periods of both lung and systemic inflammation,
thereby inducing a prothrombotic state. Furthermore, patients
who have more “active” disease and experience frequent
exacerbations of COPD tend to have increased airway and
systemic inflammation, even during periods when their dis-
ease is stable.” Collectively, these findings provide support for
an increased CVD risk with increasing disease severity and
a mechanism by which frequent exacerbators could have an
increased risk of CVD relative to infrequent exacerbators.*

Although attention has focused on arterial cardiovascular
outcomes, and on MI in particular, patients with COPD are
believed to also be at increased risk of a range of other vas-
cular outcomes, including venous thromboembolism (VTE),
which manifests as either deep vein thrombosis (DVT), or
as pulmonary embolism (PE). Given that the risk factors for
VTE are broadly similar to those for arterial thrombosis, an
increased risk of VTE events among people with COPD is
consistent with the aforementioned systemic inflammation
mechanism. Although this association has been fairly well
established in small-scale studies involving patients hospi-
talized with an acute exacerbation of COPD (AECOPD),*!?
relatively few large-scale, population based studies of this
type have been undertaken. Moreover, the relationships
between VTE risk and disease severity and between VTE
risk and exacerbation frequency have not been described in
detail in a large population cohort.>¢!!

Using data from the UK Clinical Practice Research
Datalink (CPRD), we therefore undertook a matched

case—control study to investigate the profile of VTE risk in
COPD, specifically to determine whether the risk of VTE
disease varies according to disease severity (as measured
by degree of airflow limitation or medication usage) or
exacerbation frequency.

Methods

Data sources

The CPRD database contains research standard, anonymized
longitudinal primary health care data for ~14 million patients,
equating to ~79 million person-years of follow-up,'? and as
such is one of the world’s largest e-health datasets. Records
comprise coded diagnostic and clinical information, as well
as complete prescribing information and details of referrals
and test results. Currently, ~5.5 million people (8% of the
population) from over 660 primary care practices located
throughout the UK contribute data to CPRD. Patients enrolled
in CPRD have been shown to be broadly representative of
the UK population in terms of age, sex, and geographical
distribution.?

Study population

The study population comprised active CPRD patients with
a diagnosis of COPD, aged at least 35 years on the date of
their diagnosis. COPD was identified in CPRD by means of
a validated list of Read codes.!?

Case definition

Cases were all individuals in the study population who expe-
rienced a first VTE during the chosen period of study, from
January 1, 2004 to December 31, 2013. Diagnostic Read
codes were used to define VTE.! The primary outcome was
created by grouping any event with a diagnostic Read code
for DVT or PE.

Patients not registered with CPRD at the time of their first
VTE event (the index date), or who had <1 year of research
standard CPRD registration prior to their index date, were
excluded. Individuals with a previous diagnosis of either
DVT or PE were also excluded as the risk of a second or
recurrent event is likely to be different from the first, as were
any patients whose first VTE was given a prevalent code
(Figure 1). Other exclusion criteria are noted in Figure 1.

Each identified case (n=3,594) was matched to three con-
trols (patients with COPD but without VTE); controls were
selected at random from the pool of eligible patients with
COPD on the date of the VTE in the case (index date). Controls
were matched to cases (1:3) on the basis of their sex, index
age (within 5 years), and general practitioner (GP) practice.
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Approximately 5.4 million patients contributing data to CPRD between
January 1, 2004 and December 31, 2013 (from 578 participating GP practices)

A4

validated Read codes)

Over 210,000 patients with a diagnosis of COPD (identified using

Excluding:

o Patients with inconsistent records (ie, not
meeting predefined research standards);

e Patients with a diagnosis of a1-antitrypsin
deficiency;

e Patients aged <35 years at the time of COPD
diagnosis;

o Patients with <1 year of research standard

A4

v

CPRD registration (with same GP) prior to
the index date;

e Patients with first recorded VTE event outside
the study period;

o Patients with first recorded VTE event prior
to COPD diagnosis; and

o Patients whose first recorded VTE event was
given a “prevalent” code

Around 60,000 patients with COPD with the above exclusion criteria applied

A 4

A 4

Cases: 3,594 eligible patients with
COPD with a first VTE event
recorded in CPRD
(all recorded VTE cases)

Controls: 10,782 eligible patients
with COPD with no history of VTE
in CPRD, matched on age, sex,

and GP practice (1:3)

Figure | Patient flow: selection of cases and matched controls from a source population of patients contributing data to CPRD with a diagnosis of COPD.
Abbreviations: COPD, chronic obstructive pulmonary disease; CPRD, Clinical Practice Research Datalink; GP, general practitioner; VTE, venous thromboembolism.

Inclusion and exclusion criteria for the controls were the same
as those for the cases. Since the sampling of controls allowed
replacement, controls could later become a case and could
be selected as a control for more than one case.

Exposure definitions

Two different measures of disease severity were employed,
the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) staging system (which ranks patients according to
their degree of airflow limitation) and a surrogate marker

based on prescribing history of COPD medications. These
include short- and long-acting [3,-agonists and muscarinic
antagonists, as well as inhaled and oral corticosteroids. The
latter measure, which also categorized patients as having
mild, moderate, severe, or very severe disease, relied on
the NICE treatment guidelines for COPD that recommend
different combinations of medications depending on dis-
ease severity.'> The derivation of the medications-based
measure of disease severity from GPs’ prescribing data for
individual patients is detailed in Supplementary material.
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Given our study objectives — to define at least one of our
main exposures solely in terms of lung function impairment
rather than as a composite measure which combines several
aspects of disease — the classical spirometry-only GOLD
staging classification was used in preference to the revised
(2011) version.'¢

Acute exacerbation events were also identified from
patient records using a recently validated definition: in order
to be classified as having had an AECOPD, patients had to
have an exacerbation code and be prescribed a prespecified
antibiotic or oral prednisolone, or both.!” Individuals were
then categorized as either frequent or infrequent exacerbators
depending on the number of exacerbations recorded in the
12-month period prior to their index date. Those recording
two or more exacerbations in the year preceding the index
date were coded as frequent exacerbators and as infrequent
exacerbators otherwise.'®

Additional information was extracted from CPRD on
demographic factors (ethnicity and socioeconomic status),
comorbid CVD (atrial fibrillation, heart failure, peripheral
arterial disease [PAD], acute coronary syndrome [ACS], MI,
and angina), risk factors (body mass index [BMI categorized
according to the standard World Health Organization clas-
sification], hypertension, diabetes, dyslipidemia, family
history of CVD, smoking history [current, ex-, or never]),
drug prescriptions (for antiplatelets, anticoagulants, statins,
angiotensin converting enzyme inhibitors, angiotensin
receptor blockers, nitrates, calcium channel blockers, and
B-blockers, as well as a range of COPD medications), and
coronary interventions (percutaneous coronary intervention
or coronary artery bypass graft). For comorbid CVDs, their
risk factors (BMI excepting) and medications, exposures
were defined as binary variables. However, in order to be
coded as being on a given medication, patients had to have
been prescribed the same medication on at least two occa-
sions prior to their index date.

Statistical analysis
Conditional logistic regression was used to estimate odds
ratios (ORs) for the associations between aspects of COPD
disease and VTE. In the first instance, regression models
were constructed to explore the impact of COPD severity
and various potential confounders on the odds of developing
VTE. Similar analysis strategies were used to estimate the
odds of experiencing a VTE event in frequent and infrequent
exacerbators.

In the interests of avoiding problems of collinearity,
we adjusted for the presence of selected risk factors (BMI,

smoking, family history of heart disease, history of hyperten-
sion, dyslipidemia, or diabetes) and also for various common
CVD comorbidities (atrial fibrillation, heart failure, PAD,
angina, MI, and ACS), but not for prescribed medications
for these conditions.

For the purposes of this analysis, the traditional change-
in-effect method for selecting confounders was comple-
mented with a causal inference-based approach involving the
use of directed acyclic graphs.'® Accordingly, the regression
analyses were — in addition to the matching variables —
adjusted for smoking and BMI, and also for heart failure and
a composite measure representing presence of pathologically
similar CVD comorbidities (categorized as no CVDs, any
one of angina, MI, PAD, and ACS or two or more of angina,
MI, PAD, and ACS).

All analyses were conducted using STATA, version 13
(StataCorp LP, College Station, TX, USA).

Missing data

For all variables, except GOLD stage, the proportion of miss-
ing records was <<3%. A detailed evaluation of the nature
of missingness in GOLD stage data was conducted, com-
paring patients with and without spirometry measurements
in their primary health record to determine if they differed
with respect to GP practice, exposure, outcome, or potential
confounders and whether or not these data were missing at
random. Despite some evidence that missingness (18% in
cases and 14% in controls) was skewed in favor of older,
nonsmoking women from practices with a lower number
of patients with COPD, it was concluded that the degree
and patterns of missingness were unlikely to bias our effect
estimates, and therefore a complete case analysis would be
appropriate.

Power calculations

Given that VTE is a relatively rare occurrence, power cal-
culations were carried out to verify that the study would be
sufficiently powered to detect a significant difference in the
odds of experiencing such an event in frequent exacerba-
tors relative to infrequent exacerbators. For the purposes
of this calculation, it was assumed (on the basis of UK
prevalence data) that the CPRD dataset would have 306
patients who experienced the outcome of interest (a VTE)
and who would be classed as a frequent exacerbator. For a
1:1 matching of cases and controls and an o of 5% (type 1
error), the minimum and maximum detectable ORs would
be 0.369 (highest OR <1) and 2.036 (smallest OR >1),
respectively.
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Ethics

Ethical approval was obtained from the LSHTM ethics com-
mittee (reference: 8140), as well as the CPRD’s Independent
Scientific Advisory Committee (ISAC) (Protocol number:
14_108R). Written informed patient consent was deemed
not necessary as routinely-collected anonymized electronic
healthcare records were used for this study.

Results
A total 0f 3,594 subjects (1,870 men and 1,724 women) experi-
enced a VTE (as either a DVT or a PE) within the study period
(cases). Age at first VTE ranged from 42.6 to 96.1 years; the
mean age at VTE was 74.1 years. On average, men experienced
their first VTE slightly earlier than women (mean age at VTE
in women, 74.8 years; mean age at VTE in men, 73.4 years).

The characteristics of 3,594 cases and 10,782 matched
controls (case:control ratio, 1:3) are summarized in Table 1.
In this cohort of patients with COPD, being obese and having
at least one heart-related comorbidity increased the risk of a
first VTE, independently of age, sex, and GP practice.

Approximately half the control group (n=10,119) were
classified as having “moderate” COPD (GOLD stage 2).
A further 27% had “severe” disease (GOLD stage 3), 7%
had “very severe” disease (GOLD stage 4), while the remain-
ing 16% were classed as having “mild” disease (GOLD
stage 1) (Table S1). These proportions are largely similar
in the cases. When patients’ COPD was staged according to
their medication history, a greater proportion were catego-
rized as having severe and very severe disease (Table S2);
whereas spirometry placed a third (34%) of the controls in
the severe and very severe categories (GOLD stages 3+4),
the medications-based measure put just over a half (54%)
in these two categories. In addition, the medications-based
staging ranked proportionally more women than men in
the severe/very severe COPD disease categories (55.9%
versus 53.3%).

Twenty-eight percent of the control group (and 29%
of cases) were classed as frequent exacerbators (Table 2).
Among the controls, women and ex-smokers were more
likely to be frequent exacerbators. The proportion of fre-
quent exacerbators did not appear to vary markedly across
the BMI categories, but those with underlying conditions
such as diabetes, heart failure, and CVDs were more likely
to experience a greater number of exacerbations. Broadly,
similar patterns are observed among the cases (Table 2).
Interestingly, patients with hypertension appeared to suffer
fewer exacerbations of their COPD symptoms than those
recording a blood pressure within the normal range.

Table | Characteristics of cases and matched controls, and ORs
for first VTE (univariate analyses adjusted for age, sex, and GP

practice by matching)

Characteristic Cases Controls® OR (95% Cls)
Number (%) Number (%)

Exacerbation 3,594 (100.0) 10,782 (100.0)
frequency

Infrequent 2,547 (70.9) 7,765 (72.0) |

Frequent 1,047 (29.1) 3,017 (28.0) 1.06 (0.97, 1.15)
Sex 3,594 (100.0) 10,782 (100.0) Matched

Men 1,870 (52.0) 5,610 (52.0)

Women 1,724 (48.0) 5,172 (48.0)
Index age (years) 3,594 (100.0) 10,782 (100.0) Matched

Under 60 268 (7.5) 800 (7.4)

60-69 876 (24.4) 2,643 (24.5)

70-79 1,418 (39.5) 4,280 (39.7)

80 and over 1,032 (28.7) 3,059 (28.4)
Smoking status® 3,593 (100.0) 10,773 (100.0)

Nonsmoker 369 (10.3) 1,089 (10.1) 1.00 (0.88, 1.14)

Ex-smoker 1,634 (45.5) 4,829 (44.8) |

Current smoker 1,590 (44.3) 4,855 (45.1) 0.96 (0.89, 1.05)
BMI® 3,494 (100.0) 10,526 (100.0)

Underweight 193 (5.5) 826 (7.9) 0.83 (0.70, 0.98)

Normal weight 1,109 (31.7) 3,910 (37.1) |

Overweight 1,123 (32.1) 3,393 (32.2) 1.18 (1.07, 1.30)

Obese 1,069 (30.6) 2,397 (22.8) 1.61 (1.45, 1.77)
Family history 3,594 (100.0) 10,782 (100.0)

No 2,597 (72.3) 7,870 (73.0) |

Yes 997 (27.4) 2,912 (27.0) 1.04 (0.95, 1.14)
Hypertension 3,594 (100.0) 10,782 (100.0)

No 1,764 (49.1) 5436 (50.42) |

Yes 1,830 (50.9) 5,346 (49.6) 1.06 (0.98, 1.14)
Dyslipidaemia 3,594 (100.0) 10,782 (100.0)

No 2,873 (79.9) 8,541 (79.2) |

Yes 721 (20.1) 2,241 (20.8) 0.95 (0.86, 1.05)
Diabetes 3,594 (100.0) 10,782 (100.0)

No 2,998 (83.4) 8,997 (83.4) |

Yes 596 (16.6) 1,785 (16.6) 1.00 (0.90, I.11)
Atrial fibrillation® 3,594 (100.0) 10,781 (100.0)

No 3,129 (87.1) 9,593 (89.0) |

Yes 465 (12.9) 1,188 (11.0) 1.21 (1.08, 1.36)
Heart failure® 3,594 (100.0) 10,780 (100.0)

No 3,059 (85.1) 9,650 (89.5) |

Yes 535 (14.9) 1,130 (10.5) 1.52 (1.36, 1.70)
CVDs (composite)© 3,594 (100.0) 10,782 (100.0)

No CVDs 2,558 (71.2) 7,931 (73.6) |

| CVD 719 (20.0) 2,041 (18.9) 1.10 (1.00, 1.21)

2 or more CVDs 317 (8.8) 810 (7.5) 1.23 (1.07, 1.41)

Notes: ‘Including duplicates. Since control selection was concurrent with
replacement, some cases were picked as a control before they became a case and
some people were selected as a control more than once. Hence among the control
group there are duplicated individuals. There are 10,119 individual controls. "Some
missing data.“Myocardial infarction, angina, peripheral arterial disease, acute coronary
syndrome.

Abbreviations: BMI, body mass index; CI, CVD,
cardiovascular disease; GP, general practitioner; OR, odds ratio; VTE, venous
thromboembolism.

confidence interval;

Among the controls classed as having “severe” and “very
severe” disease (GOLD stages 3 and 4), 31.3% and 33.3%
were coded as frequent exacerbators, respectively, whereas
28.5% and 27.6% of those classed as having “mild” or
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Table 2 Characteristics of frequent and infrequent exacerbators, separately by cases and controls

Characteristic Cases Controls* P-value®
Number Infrequent Frequent Number Infrequent Frequent
of subjects Number (%)  Number (%)  ©f subjects Number (%)  Number (%)

Sex 3,594 2,547 (70.9) 1,047 (29.1) 10,782 7,765 (72.0) 3,017 (28.0)

Men 1,870 1,336 (71.4) 534 (28.6) 5610 4,105 (73.2) 1,505 (26.8)

Women 1,724 1,211 (70.2) 513 (29.8) 5172 3,660 (70.8) 1,512 (29.2) 0.005
Index age (years) 3,594 2,547 (70.9) 1,047 (29.1) 10,782 7,765 (72.0) 3,017 (28.0)

<60 268 194 (72.4) 74 (27.6) 800 575 (71.9) 225 (28.1)

60-69 876 608 (69.4) 268 (30.6) 2,643 1,895 (71.7) 748 (28.3)

70-79 1,418 981 (69.2) 437 (30.8) 4,280 3,051 (71.3) 1,229 (28.7)

80 and over 1,032 764 (74.0) 268 (26.0) 3,059 2,244 (73.4) 815 (26.6) 0.259
Smoking status* 3,593 2,546 (70.9) 1,047 (29.1) 10,773 7,758 (72.0) 3,015 (28.0)

Nonsmoker 369 276 (74.8) 93 (25.2) 1,089 779 (71.5) 310 (28.5)

Ex-smoker 1,634 1,150 (70.4) 484 (29.6) 4,829 3,403 (70.5) 1,426 (29.5)

Current smoker 1,590 1,120 (70.4) 470 (29.6) 4,855 3,576 (73.7) 1,279 (26.3) 0.002
BMI- 3,496 2,478 (70.9) 1,016 (29.1) 10,526 7,563 (71.9) 2,963 (28.2)

Underweight 193 143 (74.1) 50 (25.9) 826 603 (73.0) 223 (27.0)

Normal weight 1,109 783 (70.6) 326 (29.4) 3,910 2,779 (71.1) 1,131 (28.9)

Overweight 1,123 796 (70.9) 327 (29.1) 3,393 2,427 (71.5) 966 (28.5) 0.266

Obese 1,069 756 (70.7) 313 (29.3) 2,397 1,754 (73.2) 643 (26.8)
Family history 3,594 2,547 (70.9) 1,047 (29.1) 10,782 7,765 (72.0) 3,017 (28.0)

No 2,597 1,824 (70.2) 773 (29.8) 7,870 5,686 (72.3) 2,184 (27.8)

Yes 997 723 (72.5) 274 (27.5) 2912 2,079 (71.4) 833 (28.6) 0.385
Hypertension 3,594 2,547 (70.9) 1,047 (29.1) 10,782 7,765 (72.0) 3,017 (28.0)

No 1,764 1,246 (70.6) 518 (29.4) 5436 3,863 (71.1) 1,573 (28.9)

Yes 1,830 1,301 (71.1) 529 (28.9) 5,346 3,902 (73.0) 1,444 (27.0) 0.026
Dyslipidemia 3,594 2,547 (70.9) 1,047 (29.1) 10,782 7,765 (72.0) 3,017 (28.0)

No 2,873 2,043 (71.1) 830 (28.9) 8,541 6,177 (72.3) 2,364 (27.7)

Yes 721 504 (69.9) 217 (30.1) 2,241 1,588 (70.9) 653 (29.1) 0.172
Diabetes 3,594 2,547 (70.9) 1,047 (29.1) 10,782 7,765 (72.0) 3,017 (28.0)

No 2,998 2,125 (70.9) 873 (29.1) 8,997 6,528 (72.6) 2,469 (27.4)

Yes 596 422 (70.8) 174 (29.2) 1,785 1,237 (69.3) 548 (30.7) 0.005
Atrial fibrillation 3,594 2,547 (70.9) 1,047 (29.1) 10,781 7,764 (72.0) 3,017 (28.0)

No 3,129 2,216 (70.8) 913 (29.2) 9,593 6,912 (72.1) 2,681 (28.0)

Yes 465 331 (71.2) 134 (28.8) 1,188 852 (71.7) 336 (28.3) 0.808
Heart failure 3,594 2,547 (70.9) 1,047 (29.1) 10,780 7,763 (72.0) 3,017 (28.0)

No 3,059 2,178 (71.2) 881 (28.8) 9,650 6,992 (72.5) 2,658 (27.5)

Yes 535 369 (69.0) 166 (31.0) 1,130 771 (68.2) 359 (31.8) 0.003
CVDs 3,594 2,547 (70.9) 1,047 (29.1) 10,782 7,765 (72.0) 3,017 (28.0)

No CVD 2,558 1,817 (71.0) 741 (29.0) 7,931 5,770 (72.8) 2,161 (27.3)

| CVD 719 507 (70.5) 212 (29.5) 2,041 1,450 (71.0) 591 (29.0)

2 or more CVDs 317 223 (70.4) 94 (29.7) 810 545 (67.3) 265 (32.7) 0.003

Notes: Including duplicates. "The reported P-value is for the association between exacerbation frequency and the listed covariate in the control group. Values in bold indicate
significantly increased odds in frequent exacerbators compared with infrequent exacerbators. ‘Some missing data.

Abbreviations: BMI, body mass index; CVD, cardiovascular disease.

“moderate” disease were coded as infrequent exacerbators,
respectively (Table 3). Similarly, when staged according
to medication history, frequent exacerbators accounted
for 37.4% of those classed as having “very severe” dis-
ease compared with 22.1% of those classed as having
“mild” COPD.

The results of the regression analyses are presented
in Table 4. After adjusting for BMI and smoking habits
(in addition to the matching variables — age, sex, and GP
practice), the odds of having a VTE event in those with

GOLD stage 2 (moderate) disease were increased by 17%
compared with those with GOLD stage 1 disease (mild)
(OR =1.17; 95% confidence interval [CI]=1.03, 1.33). Addi-
tionally adjusting for heart-related comorbidities (CVDs and
heart failure) did not materially affect the result (OR =1.16;
95% CI =1.03, 1.32). The odds of experiencing a VTE did
not increase further with increasing airflow obstruction
(OR . pracorps =1-16; 95% CI =1.02, 1.33).

Ignoring the fact that medication history tends to rank
patients higher in terms of their disease severity than GOLD
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Table 3 Percentage of frequent exacerbators with mild, moderate, severe, and very severe disease (based on the control
group only)

GOLD stage Medication-based staging

| 2 3 4 | 2 3 4
Total number of subjects 1,149 4,378 2,404 614 2,691 1,908 3,898 1,614
Number of frequent exacerbators 374 1,208 753 203 594 541 1,076 604
Frequent exacerbators as % of total 285 27.6 31.3 33.1 22.1 28.4 27.6 374

Abbreviation: GOLD, Global Initiative for Chronic Obstructive Lung Disease.

staging, the effect estimates for the alternative measure of dis-
ease severity were of the same order of magnitude (“crude”

veremildmoderate = 1105 95% CI=1.07, 1.26). Again, the fully
adjusted ORs were very similar to the “crude” estimates (ie,
those adjusted for the matching variables only) (adjusted

everemild/modenaie =1-175 95% CI =1.06, 1.26). However,
in contrast to GOLD staging, there is evidence of a dose—
response relationship in the association between VTE risk
and increasing disease severity (Table 4).

The OR for the association between exacerbation
frequency and VTE, adjusted for the matching variables
only, was 1.06 (95% Cls =0.97, 1.15). This result was not
altered by adjusting for smoking and BMI (OR =1.06; 95%
ClIs=0.97, 1.15) or additionally for heart-related comorbidi-
ties (OR =1.05; 95% Cls =0.96, 1.14). There was no evidence
of effect modification by either sex, age, BMI, or smoking.

Discussion

This study investigated the effect of both COPD sever-
ity and exacerbation frequency on VTE risk using a large

Table 4 Summary of main results

population-based cohort of GP-diagnosed patients with
COPD. Our analyses provided good evidence that VTE risk
increases with worsening disease, independently of age, sex,
BMI, smoking status, and selected comorbid CVDs. We
would anticipate that people with more severe disease, which
we defined according to airflow limitation (GOLD stage)
and also by medication history, would be more susceptible
to VTE, and thus our finding is not unexpected. Whether
this is due to higher levels of systemic inflammation or
increased immobility, or a combination of both, is not clear
from these data.

As staging people according to their history of use of
COPD medications captures slightly different aspects of
COPD disease than the classical spirometry-based GOLD
system, we would not necessarily expect to see close corre-
spondence in terms of the magnitude of the effect estimates.
However, aside from the fact that medication-based staging
tends to rank patients higher in terms of their disease severity
than GOLD staging, the effect estimates for our two alternative
measures of disease severity were in broad agreement,

Disease measure Crude® ORs Adjusted® ORs Adjusted ORs
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Exacerbation frequency

Infrequent | | |

Frequent 1.06 (0.97, 1.15) 0.18 1.06 (0.97, 1.15) 0.22 1.05 (0.96, 1.14) 0.29
GOLD (FEV) staging

Mild | | |

Moderate 1.15 (1.01, 1.30) 0.031 1.17 (1.03, 1.33) 0.013 1.16 (1.03, 1.32) 0.018

Severe/very severe 1.08 (0.94, 1.23) 0.280 1.16 (1.02, 1.33) 0.030 1.14 (1.00, 1.31) 0.058
Medication-based staging

Mild/moderate | | |

Severe 1.16 (1.07, 1.26) 0.001 1.16 (1.07, 1.27) 0.001 1.17 (1.06, 1.26) 0.001

Very severe 1.52 (1.37, 1.69) 0.001 1.54 (1.38, 1.72) <0.001 1.52 (1.37, 1.69) <0.001

Notes: *Adjusted for age, sex, and GP practice (matching variables). "Adjusted for age, sex, GP practice, BMI, and smoking habits. ‘Adjusted for age, sex, GP practice, BMI,
smoking habits, CVDs [composite measure], and heart failure. To avoid having a small number of subjects in the reference category and thus compromising the precision of
the effect estimates, the normal weight category (as opposed to underweight) was selected as the baseline for BMI and ex-smokers (as opposed to never smoked) the baseline
for the smoking status variable in all regression models. Having examined the distribution of subjects among the disease severity categories as part of the descriptive analysis,
the “severe” and “very severe” categories (GOLD stage 3+4) were collapsed into one (when disease is staged by spirometry, less than 10% of patients are categorized
as having very severe disease). Likewise, in the case of the alternative, proxy measure of disease severity based on COPD medication history, the categories “mild” and
“moderate” were collapsed into a single category (this then becomes the reference category).

Abbreviations: BMI, body mass index; Cl, confidence interval; CVD, cardiovascular disease; FEVI, forced expired volume in | second; GOLD, Global Initiative for Chronic
Obstructive Lung Disease; GP, general practitioner; OR, odds ratio.
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strengthening our support for the hypothesis that having more
severe, ie, more advanced, COPD increases risk of VTE.

Conversely, we found no evidence of an association
between exacerbation frequency and VTE in either a crude
matched analysis (matching on age, sex, and GP practice) or
after adjusting for additional confounders, including BMI,
smoking status, and selected heart-related comorbidities.

That we observe an increased VTE risk in patients with
more advanced disease but not in those with a more active
disease profile (frequent exacerbators) is somewhat surpris-
ing and contrary to current thinking about the mechanisms
linking COPD and vascular disease risk. The period during
and immediately after an exacerbation has been identified as
especially high risk for acute cardiovascular events such as
MI and stroke.” It follows that VTE risk may also be height-
ened during this time. Studies have repeatedly demonstrated
that VTE prevalence, and that of PE in particular, is relatively
high among those hospitalized for AECOPD, as high as one
in four according to Rizkallah et al."® This observation, in
combination with a plausible biological mechanism linking
AECOPD (an acute inflammatory event in the lungs) with
endothelial dysfunction, atherosclerotic plaque instability,
and acute vascular events (both venous and arterial), has
lead several authors to hypothesize that frequent exacerba-
tors (relative to infrequent exacerbators) are at increased
risk of VTE.

Our apparently counterintuitive result draws attention
to a concept that in recent years has gained ground in the
COPD literature, namely, the need to distinguish more clearly
between the “severity” and “activity” of disease.?’ Several
studies have demonstrated the disconnect between activity
and severity in COPD: for instance, Calverley et al*! showed
that, on average, individuals with “moderate” disease (GOLD
stage 2) had higher rates of forced expired volume in 1 second
(FEV) decline than those classed as having “severe” or “very
severe” disease (GOLD stage 3+4). Thus, among the COPD
population, there will be patients who have active but not
necessarily severe disease and vice versa. This is reflected in
our study population, as in others,!*!¥ where it is noticeable
that a substantial proportion of frequent exacerbators are
found across all categories of disease severity, irrespective
of the method of staging disease (Table 3).

In light of our findings, we posit that disease severity —as
opposed to activity —is likely to be the more important deter-
minant and a better predictor of VTE risk in COPD. More-
over, in view of the strong evidence of associations between
the cardiovascular comorbidities and disease severity, we
suggest that the presence of cardiovascular comorbidities

coupled with increased immobility, a common manifestation
of advanced COPD and a known risk factor for VTE, are the
key contributors — as opposed to frequent exacerbations — to
the elevated VTE risk in COPD.

Comparison with other studies

Many previous studies have tended to focus on prevalent
disease rather than incidence of new cases of CVD in COPD,
and by concentrating on the latter, our study offers a different
perspective. In one of the first studies to investigate VTE in
a large cohort of patients with COPD, Kim et al® report an
increased prevalence of VTE among COPDGene study par-
ticipants with GOLD stage 2—4 disease relative to those who
were classed as having normal or near normal lung function.
In addition, among their GOLD stage 2—4 participants, those
with a higher BMI, a shorter 6-minute walk distance, conges-
tive heart failure, PAD, or pneumothorax were more likely
to experience a VTE, a finding that adds weight to our con-
clusion. However, as the authors themselves acknowledge,
their diagnosis of VTE was based on self-report, whereas we
relied on GP-recorded diagnoses. Interestingly, the number
of exacerbations was greater in the group of COPDGene
study participants with a self-reported history of VTE than
in those without.

Schneider et al® have also conducted a comprehensive
analysis of CVD outcomes in COPD, again using the UK-
based CPRD dataset. PE and DVT were among the outcomes
investigated, and the authors reported strong evidence of an
association between COPD and the risk of developing PE
but not DVT. They also investigated the effect of disease
severity (as defined by treatment history and categorized as
mild, moderate, and severe) on the risk of developing PE and
DVT in a nested case—control analysis. Although the authors
report a significant increase in PE risk across all categories
of severity, especially in those in the most severe disease
category (ie, on oxygen therapy), the conclusions that may
be drawn were compromised by the small numbers involved
(less than ten cases).

In our analysis, we found that the increase in VTE risk
between patients with GOLD stage 2 versus GOLD stage
1, and GOLD stage 3+4 versus GOLD stage 1 was of the
same order of magnitude (~17%), implying the existence
of a threshold value, a certain degree of lung function
deterioration that is associated with increased VTE risk
but beyond which risk does not increase (as opposed to a
dose-response relationship). Our alternative analysis, which
relied on medication history to stage disease severity — as
did Schneider et al’s study® — did not replicate this finding.
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The reason for this difference may well be medication-
related: it is plausible that some patients with COPD, espe-
cially those with more symptomatic and advanced disease are
being prescribed medications (for the relief of their COPD
symptoms and management of their comorbidities) that carry
an inherent risk of clotting and/or arrhythmias, which may
in themselves lead to a progressive increased risk of VTE.
Alternatively, the difference in the VTE risk relationships
might be a reflection of the disconnect between impaired lung
function and symptomatic disease; medication-based mea-
sures of disease severity will tend to place those with more
symptomatic disease (eg, pronounced cough and breathless-
ness) in progressively higher disease severity categories as
their disease progresses and their symptoms worsen. These
highly medicated, symptomatic individuals will probably also
have multiple comorbidities and limited exercise capacity,
putting them at increased risk of VTE. On the other hand, not
all individuals with pronounced lung function impairment
will have highly symptomatic disease (lung function and
symptoms are not always highly correlated) and may not
necessarily be at high risk of VTE.

Strengths and weaknesses
The main strength of this analysis is its large sample size;
the use of electronic health records provides a large cohort of
nationally representative patients for whom detailed, validated
health data are available. The identification of patients with
COPD in CPRD has been validated in a previous study,'* as
has AECOPD.!” Coding of VTE events is also likely to be
relatively free from problems caused by misclassification,
nor do we have any reason to suspect that VTE events will be
captured any more or less reliably among the groups of indi-
viduals defined by the main exposure categories. However, it is
possible that patients with mild COPD, and who less likely to
seek health care, are underrepresented in our study cohort.
The potential for residual or unmeasured confounding due
to variables not included in the analysis is perhaps a more
significant weakness. Matching on GP practice provides a
means, at least partially, of controlling for some unmeasured
and hard-to-measure risk factors, such as GP attitudes to
treatment and management of COPD, socioeconomic status,
and exposure to environmental factors. However, there are
a number of potential confounders that we were unable to
adjust for in this study. Among those of primary concern are
additional risk factors for VTE, including the presence of can-
cer, hospitalization for various types of surgery, prescription
of hormone replacement therapy, and pregnancy. Given the
age of the study population (predominantly aged 60 years

and over), it is unlikely that any subjects are pregnant. The
number of women on hormone replacement therapy is likely
to be low, but any distributional differences between cases
and controls will possibly be captured by controlling for GP
practice. If it can be assumed that the proportion of subjects
with cancers is the same in both the cases and the controls
(more likely to be true of lung cancers than other cancers
given the study population all have COPD), then the pres-
ence of cancer will not confound the association. However,
as this is far from certain, the ability to control for cancer
would be desirable, as would be controlling for various types
of surgery known to be high risk of VTE. Factors that would
also merit further investigation in future studies involving this
patient population include use of other medications that may
potentially influence the risk of developing VTE and the role
of the long-term management of atrial fibrillation.

Conclusion

The key finding to emerge from this study is that while risk
of VTE in COPD increases with increasing disease sever-
ity, it does not appear to be associated with exacerbation
frequency.

Disclosure
The authors report no conflicts of interest in this work.

References

1. WHO. Health Statistics and Information Systems: Projection of Mor-
tality and Causes of Death, 2015 and 2030 [webpage on the Internet].
Geneva, Switzerland: World Health Organization; 2015.

2. Roversi S, Roversi P, Spadafora G, Rossi R, Fabbri LM. Coronary
artery disease concomitant with chronic obstructive pulmonary disease.
Eur J Clin Invest. 2014;44(1):93-102.

3. Sin DD, Anthonisen NR, Soriano JB, Agusti AG. Mortality in COPD:
role of comorbidities. Eur Respir J. 2006;28(6):1245-1257.

4. Man SF, Van Eeden S, Sin DD. Vascular risk in chronic obstruc-
tive pulmonary disease: role of inflammation and other mediators.
Can J Cardiol. 2012;28(6):653-661.

5. Schneider C, Bothner U, Jick SS, Meier CR. Chronic obstructive pul-
monary disease and the risk of cardiovascular diseases. Eur J Epidemiol.
2010;25(4):253-260.

6. Kim V, Goel N, Gangar J, et al. Risk factors for venous thromboem-
bolism in chronic obstructive pulmonary disease. Chronic Obstr Pulm
Dis (Miami). 2014;1(2):239-249.

7. Donaldson GC, Hurst JR, Smith CJ, Hubbard RB, Wedzicha JA.
Increased risk of myocardial infarction and stroke following exacerba-
tion of COPD. Chest. 2010;137(5):1091-1097.

8. Sin DD, Man SF. Why are patients with chronic obstructive pulmonary
disease at increased risk of cardiovascular diseases? The potential role
of systemic inflammation in chronic obstructive pulmonary disease.
Circulation. 2003;107(11):1514-1519.

9. Gunen H, Gulbas G, In E, Yetkin O, Hacievliyagil SS. Venous throm-
boemboli and exacerbations of COPD. Eur Respir J. 2010;35(6):
1243-1248.

10. Rizkallah J, Man SF, Sin DD. Prevalence of pulmonary embolism in
acute exacerbations of COPD: a systematic review and meta-analysis.
Chest. 2009;135(3):786-793.

International Journal of COPD 2016:1 |

submit your manuscript

907

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Morgan et al Dove

11. Bertoletti L, Quenet S, Mismetti P, et al. Clinical presentation and 17. Rothnie KJ, Miillerova H, Hurst JR, et al. Validation of the recording of
outcome of venous thromboembolism in COPD. Eur Respir J. 2012; acute exacerbations of COPD in UK primary care electronic healthcare
39(4):862-868. records. PLoS ONE. 2016;11(3):e0151357.

12. Herrett E, Gallagher AM, Bhaskaran K, et al. Data resource profile: Clin- 18. Hurst JR, Vestbo J, Anzueto A, et al. Susceptibility to exacerbation in
ical Practice Research Datalink (CPRD). Int J Epidemiol. 2015;44(3): chronic obstructive pulmonary disease. N Engl J Med. 2010;363(12):
827-836. 1128-1138.

13. Quint JK, Miillerova H, DiSantostefano RL, et al. Validation of chronic 19. Greenland S, Pearl J, Robins JM. Causal diagrams for epidemiologic
obstructive pulmonary disease recording in the Clinical Practice research. Epidemiology. 1999;10(1):37-48.

Research Datalink (CPRD-GOLD). BMJ Open. 2014;4(7):e005540. 20. VestboJ, Rennard S. Chronic obstructive pulmonary disease biomarker(s)

14. Lawrenson R, Todd JC, Leydon GM, Williams TJ, Farmer RD. Valida- for disease activity needed —urgently. Am J Respir Crit Care Med. 2010;
tion of the diagnosis of venous thromboembolism in general practice 182(7):863-864.
database studies. Br J Clin Pharmacol. 2000;49(6):591-596. 21. Calverley PM, Anderson JA, Celli B, et al. Salmeterol and fluticasone

15. NICE. Chronic Obstructive Pulmonary Disease: Management of propionate and survival in chronic obstructive pulmonary disease.
Chronic Obstructive Pulmonary Disease in Adults in Primary and N Engl J Med. 2007;356(8):775-789.

Secondary Care [update]. London, UK: National Institute for Health
and Clinical Excellence; 2010.

16. GOLD. Global Strategy for the Diagnosis, Management, and Prevention
of Chronic Obstructive Pulmonary Disease [updated 2015]. Global
Initiative for Chronic Obstructive Lung Disease; 2015.
International Journal of COPD Dove
Publish your work in this journal
The International Journal of COPD is an international, peer-reviewed ~ This journal is indexed on PubMed Central, MedLine and CAS. The
journal of therapeutics and pharmacology focusing on concise rapid  manuscript management system is completely online and includes a
reporting of clinical studies and reviews in COPD. Special focusis given  very quick and fair peer-review system, which is all easy to use. Visit
to the pathophysiological processes underlying the disease, intervention ~ http://www.dovepress.com/testimonials.php to read real quotes from
programs, patient focused education, and self management protocols. published authors.
Submit your manuscript here: http://www.dovepress.com/international-journal-of-chronic-obstructive-pulmonary-disease-journal

908 submit your manuscript International Journal of COPD 2016:1 |

Dove


http://www.dovepress.com/international-journal-of-chronic-obstructive-pulmonary-disease-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 4: 
	Nimber of times reviewed 2: 


