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Abstract

Background: COPD patients are at increased risk for venous thromboembolism (VTE). VTE however remains
under-diagnosed in this population and the clinical profile of VTE in COPD is unclear.

Methods: Global initiative for chronic Obstructive Lung Disease (GOLD) stages II-IV participants in the COPD
Genetic Epidemiology (COPDGene) study were divided into 2 groups: VTE+, those who reported a history of VTE
by questionnaire, and VTE-, those who did not. We compared variables in these 2 groups with either t-test or chi-
squared test for continuous and categorical variables, respectively. We performed a univariate logistic regression
for VTE, and then a multivariate logistic regression using the significant predictors of interest in the univariate
analysis to ascertain the determinants of VTE.

Results: The VTE+ group was older, more likely to be Caucasian, had a higher body mass index (BMI), smoking
history, used oxygen, had a lower 6-minute walk distance, worse quality of life scores, and more dyspnea and
respiratory exacerbations than the VTE- group. Lung function was not different between groups. A greater
percentage of the VTE+ group described multiple medical comorbidities. On multivariate analysis, BMI, 6-minute
walk distance, pneumothorax, peripheral vascular disease, and congestive heart failure significantly increased the
odds for VTE by history.

Conclusions: BMI, exercise capacity, and medical comorbidities were significantly associated with VTE in
moderate to severe COPD. Clinicians should suspect VTE in patients who present with dyspnea and should
consider possibilities other than infection as causes of COPD exacerbation.

Abbreviations: National Heart Lung and Blood Institute, NHLBI; venous thromboembolism, VTE; Global initiative for chronic Obstructive
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Health Survey, SF-36; physical component scores, PCS; mental component scores, MCS; congestive heart failure, CHF; diabetes mellitus,
DM; hypertension, HTN; peripheral vascular disease, PVD; stroke, CVA; transient ischemic attacks, TIA; coronary artery disease, CAD;
myocardial infarction, MI; pneumothorax, PTX; gatroesophageal reflux, GERD; peptic ulcer disease, PUD; osteoporosis, osteo; osteoarthritis,
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Introduction

Chronic obstructive pulmonary disease (COPD) is a
leading cause of morbidity and mortality worldwide.
It is characterized by systemic inflammation resulting
in comorbidities such as coronary artery disease,
osteoporosis, and musculoskeletal dysfunction. COPD
patients are thought at increased risk for venous
thromboembolism (VTE) because of immobilization,
heightened systemic inflammation, cigarette smoking,
and venous stasis.! VTE however, remains under-
diagnosed in this patient population because its
symptoms mimic a COPD exacerbation. Postmortem
studies in COPD have found pulmonary embolism (PE)
in 28%-51% of cases.?’> One study found PE diagnosed
by computed tomography (CT) angiography in 25% of
individuals presenting with an unknown etiology for a
COPD exacerbation.* Overall, the reported prevalence
of VTE during COPD exacerbations ranges from
5%-29%.°8

Prior literature on the diagnosis of VTE in COPD
provides little description of the associated clinical
characteristics.  To complicate matters, VTE in
COPD has prognostic importance.  One study
found significantly higher 1-year mortality in COPD
exacerbation with VTE (61.9% vs. 31.8%, p=0.013).°
Another showed increased duration of hospitalization
and need for mechanical ventilation.® Based on current
data, it is unclear what COPD risk factors or clinical
characteristics places patients at increased VTE risk.
We performed an epidemiological analysis of the COPD
Genetic Epidemiology (COPDGene) study in an effort
to characterize COPD individuals with a history of VTE.
We hypothesized that individuals with a history of VTE
would be more hypoxemic, have more comorbidities,
a lower exercise capacity, and a greater history of
respiratory exacerbations.

Methods

The COPDGene Study is multicenter cross-sectional
study investigating the genetic epidemiology of COPD;
it has enrolled >10,000 participants in 21 clinical
centers. Each site obtained internal review board (IRB)
approval prior to participant recruitment. The study
protocol has been previously described in depth.!®
Briefly, inclusion criteria include non-Hispanic whites
or African Americans ages 45-80 years, never smokers
(control participants) or smokers with >10 pack year
history. Major exclusion criteria include a history of
other lung disease except asthma, pregnancy, surgical
lung resection of at least one lobe, lung cancer, active
cancer under treatment, or COPD exacerbation <1
month prior to enrollment.

All participants underwent clinical characterization,
spirometry, 6-minute walk test, and chest computed
tomography (CT). Participants completed standardized
questionnaires to assess respiratory symptoms,
quality of life measures, and past medical history.
Exacerbations were defined as an increase in symptoms
requiring treatment with steroids or antibiotics, and
severe exacerbations were defined as exacerbations
that required an emergency department visit or
hospitalization. In addition to multiple comorbidities,
participants were asked if they ever had been diagnosed
with a blood clot in their legs or lungs. The participants
were divided into 2 groups, VTE+, those who answered
yes, and VTE-, those who answered no. Participants
who did not respond were placed in the VTE- group.
Based on Global initiative for chronic Obstructive Lung
Disease (GOLD) criteria, participants were grouped
as non-smoking controls (n=108); GOLD Unclassified
(GOLDU), 0, and stage I (n =6439); and GOLD stages
II-IV (n =3690). GOLD U participants demonstrated a
reduced forced expiratory volume in 1 second (FEV1)
in the presence of an FEV1/forced vital capacity (FVC)
ratio 2 0.7. A detailed analysis of the GOLD stage II-IV
participants was performed because this group is most
symptomatic and prone to COPD exacerbations.

Statistical Analysis

All analyses were performed using SPSS v21.0.
Independent t-tests and chi-square tests were done
to assess differences between the VTE+ and VTE-
groups. Univariate analyses were performed using
binomial logistic regression to calculate odds ratios for
the presence of VTE with each variable. Multivariate
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logistic regression with backwards stepwise elimination
was done with the significant covariates identified
during univariate analysis. Data are presented as
mean+SD unless stated otherwise. A p value of <0.05
was considered statistically significant.

Results

A total of 10,237 participants were analyzed (63

participants (1047+425 vs. 1182394 feet, p<0.0001).
Total exacerbation frequency was greater in the VTE+
group (1.03+1.49 wvs. 0.73+1.23 exacerbations/
patient/year, p<0.0001), and the prevalence of severe
exacerbations was higher in VTE+ participants (30.5
vs. 22.2%, p=0.0006). Moreover, the VTE+ group had
higher modified Medical Research Council (mMRC)
dyspnea scale scores (2.6£1.2 vs. 2.1+1.4, p<0.0001),
higher St. George’s Respiratory Questionaire (SGRQ)

individuals were excluded
because of missing data). A
history of VTE was noted in
435 participants  (4.25%).
The prevalence of VTE in
GOLD stage II-IV was higher
compared to nonsmoking
controls and the GOLD T,
0 and stage I participants
(5.7% wvs. 3.7% vs. 3.4%
respectively, p<0.0001). Baseline
characteristics of the 3690
GOLD stage II-IV participants
analyzed are summarized in
Table 1. VTE+ participants
were older (66.4f 8.4 wvs.
63.2+8.5 years, p<0.0001),
had a higher body mass index
(BMI) (29.247.3 vs. 28.046.2
kg/m?, p=0.005), had a greater
smoking history (58.2+36.4
vs. 52.7£26.9 pack years,
p=0.0048), were less likely to
be current smokers (26.7 vs.
41.5%, p<0.0001), and were
more likely to be non-Hispanic
whites (84.3 vs. 76.9%,p=0.01)
than VTE- participants.
Resting heart rate, lung
function, percent emphysema,
and total lung capacity
were not different between
groups. VTE+ participants
had a lower mean resting
oxygen saturation (93.9%4.1
vs. 94.8+3.5%, p=0.001)
and a shorter 6-minute walk
distance compared to VTE-
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Health-related quality of life as measured by the Short Form-36
and St. George’s Respiratory Questionnaire and their components.
Data presented as mean+SE. PCS = physical component score. MCS
= mental component score, Symp = symptom score, Act = activity
score, Imp = impact score. a=p<0.0001, b=p<0.05, c=p=0.0011.

Differences in comorbidities between groups are all statistically
significant (p<0.05).

DM = diabetes mellitus, HTN = hypertension, Chol =
hypercholesterolemia, MD = macular degeneration, PVD
= peripheral vascular disease, TIA = transient ischemic
attack, CHF = congestive heart failure, CVA = stroke, GERD
= gastroesophageal reflux, PUD = peptic ulcer disease, OA =
osteoarthritis, Osteo = osteoporosis, CAD = coronary artery
disease, MI = myocardial infarction, Chol = hypercholesterolemia,

PTX = pneumothorax

total scores (45.7+21.0 vs. 40.6%21.9, p=0.0011) and lower
Short Form (36) Health Survey (SF-36) physical component
scores (PCS) (34.6£10.5 vs. 39.0£10.5, p<0.0001). Figure
1 graphically displays differences in health-related quality
of life between the 2 groups.

There were significant differences in comorbidities
between the 2 groups. Histories of bladder cancer,
congestive heart failure diabetes hypertension, peripheral
vascular disease, stroke, transient ischemic attacks,
angina, coronary artery disease, myocardial infarction,
pneumothorax, macular degeneration, gastroesophageal
reflux, peptic ulcer disease, osteoporosis, osteoarthritis, and
hypercholesterolemia were higherin VTE+ participants (data
summarized in Table 2). Figure 2 displays the significantly
different comorbidities in the VTE+ and VTE- groups.
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Univariate logistic regression for
multiple clinical variables and the
presence of VTE is summarized
in Table 3. The odds ratio (OR)
of having a history of VTE was
1.043 (95% confidence interval
[CI] 1.025, 1.062; p<0.001) with
every 50-foot decrease walked
during the 6-minute walk test.
Each additional exacerbation in the
year prior to enrollment resulted
in 17% increased likelihood of
having a VTE (OR 1.171; 95%
CI 1.068, 1.285; p=0.001). The
strongest risk factors for VTE were
peripheral vascular disease (OR
6.474, 95% CI 4.218, 9.9237,
p<0.0001), followed by congestive
heart failure (OR 2.995, 95% CI
1.954, 4.588, p=0.001), bladder
cancer (OR 2.804, 95% CI
1.077, 7.303, p=0.035), transient
ischemic attacks (OR 2.681,
95% CI 1.528, 4.706, p=0.001),
and stroke (OR 2.577, 95% CI
1.517, 4.376, p<0.0001). Current
smoking posed a decreased risk of
VTE (OR 0.512, 95% CI 0.375,
0.701, p<0.0001).

Multivariate logistic regression
using the variables found to be
statistically significant in univariate
analysis with backward stepwise
elimination is summarized in
Figure 3. The covariates that
remained significant included
congestive heart failure (OR 2.048,
95% CI 1.052, 3.984), peripheral
vascular disease (OR 4.287, 95%
CI 2.177, 8.442), BMI (OR 1.037
per kg/m?, 95% CI 1.006, 1.068),
6-minute walk distance (OR 1.036
per 50-foot decrease, 95% CI
1.009, 1.064), and pneumothorax
(OR2.981, 95% CI 1.474, 6.029).
Gastroesophageal reflux and
myocardial infarction conferred
a nearly statistically significant
increased association for VTE (OR
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a population-based study
of 2488 patients with
VTE, 19.5% had a history
of COPD.!! The COPD
patients were older (mean
age 68 vs. 63 years), and
had a higher frequency of
heart failure (35.5% vs.
12.9%), and immobility
(53.5% vs. 43.3%, all
p<0.0001) compared to
those without COPD. The
COPD individuals were
more likely to die in the

1.468, 95% CI 0.961, 2.241 and OR 1.721, 95% CI
0.973, 3.045, respectively).

Discussion

The major findings of this retrospective cross-sectional
analysis are the following: smokers with worse airflow
obstruction were more likely to have a history of VTE
compared to nonsmoking controls and smokers with
no or mild airflow obstruction; a lower 6-minute walk
distance, worse quality of life, increased exacerbation
frequency, and greater amount of oxygen use were
associated with a history of VTE in a large cohort of
unselected COPD individuals; and those with a history
of VTE were older, heavier, had a greater smoking
history, and were more likely to have numerous
medical comorbidities. Furthermore, we found that
the primary associations with VTE in GOLD stage
I[I-IV participants were BMI, 6-minute walk distance,
history of pneumothorax, congestive heart failure,
and peripheral vascular disease. These effects were
independent of the degree of airflow obstruction. To
our knowledge, this is the first study of significant size
that has comprehensively characterized the associated
factors and medical profiles of COPD individuals with
VTE.

The literature supporting the association of COPD
and VTE continues to grow. Tillebrand et al found that
in 25% of 211 patients with severe COPD exacerbations
without an identifiable cause, the exacerbations were
actually related to PEs.* VTE has also been associated
with COPD exacerbations with identifiable triggers,
accounting for up to 16% of hospitalized patients
with COPD exacerbations.” Another study found the
incidence of PE in COPD exacerbations to be 29%.% In

hospital and within 30
days of the VTE diagnosis. The Registro Informatizado
de la Enfermedad Tromboembolica (RIETE) registry
reported that 14% of patients with confirmed PE also
had COPD.!? In contrast, a recent study reported a
low incidence of PE in patients hospitalized for acute
exacerbation of COPD: 6.2% of patients with a clinical
suspicion of PE, and only 1.3% of those with low
suspicion.'® A meta-analysis found that the prevalence
of PE in acute exacerbations of COPD was 19.9%.'*
Our study identified a small cohort of participants
(5.7%) with VTE, which is consistent with some studies
with similar prevalence rates.>!>16 It should be noted
that most studies have examined the prevalence of VTE
in the setting of an acute exacerbation, but our cohort
reported history of VTE irrespective of exacerbations.
The association between arterial vascular disease and
cardiovascular risk factors with venous thrombosis has
been described extensively. Prandoni et al found that
the odds ratios for carotid plaques by ultrasonography
in individuals with spontaneous venous thrombosis
were 1.8 compared to control participants and 2.3
compared to those with a provoked venous thrombosis
(i.e. postpartum, history of cancer, recent leg fracture
and immobilization).!” More recently, lower levels of
high density lipoprotein cholesterol and higher levels
of low density lipoprotein cholesterol were found
in men with VTE compared to controls.!® A meta-
analysis of cardiovascular risk factors and VTE found
that hypertension and obesity conferred increased
risk for VTE compared to controls (OR 1.51 and
2.33, respectively).!® A 20-year population-based
cohort study found that in over 16,000 participants,
individuals diagnosed with PE had a relative risk of
2.60 and 2.93 for myocardial infarction and stroke,

For personal use only. Permission required for all other uses.

journal.copdfoundation.org | JCOPDF © 2014

Volume 1 < Number 2 « 2014




245

COPD and Venous Thromhoembolism

respectively, in the following year.?® Indeed, we found
that participants with a history of VTE had greater
histories of angina, diabetes, hypertension, coronary
artery disease, hypercholesterolemia, myocardial
infarction, stroke, transient ischemic attack, and
peripheral vascular disease in univariate analysis, which
supports prior studies linking the association between
atherosclerosis and VTE. Peripheral vascular disease
was found to be a significant association in multivariate
analysis and history of myocardial infarction trended to
be significant.

In our study, we found that a reduced 6-minute
walk distance, a measure of overall exercise capacity,
incrementally increased the association with VTE. The
6-minute walk test has been found to be a significant
prognostic indicator in several cardiopulmonary
diseases such as COPD, congestive heart failure, and
pulmonary hypertension.?!"?®  Physical inactivity
has been associated with an increased risk of VTE in
the past. The Nurses’ Health Study, following 69,950
female nurses for an average of 18 years, found that
those that were the most sedentary were 2 to 3 times
more likely to develop an unprovoked VTE compared to
those that were the least sedentary.?* This association
remained significant after controlling for multiple other
factors, including age, BMI, and other medical disease.
These findings suggest that physical inactivity of any
sort, whether due to a sedentary lifestyle or physical
limitation, increases risk of VTE. Whether the reduction
in 6-minute walk distance in our cohort is due to severity
of lung disease or other comorbidities that could reduce
exercise capacity (e.g. osteoarthritis, peripheral vascular
disease, stroke) is not clear.

The relationship between BMI and the risk of VTE
has been well established, in both men and women.
The Nurses’ Health Study revealed that the risk ratio
of PE in women with a BMI of 29.0 kg/m? or greater
was 3.2 compared to those with a BMI of 21.0 kg/m?
or less.?® The Study of Men Born in 1913 found that
men in the highest decile of waist circumference had an
adjusted relative risk of VTE of 3.92 compared to those
in the lowest decile.?® The National Hospital Discharge
Survey showed that obesity conferred a relative risk of
2.18 and 2.50 for PE and deep venous thrombosis,
respectively.2” Our study supports the association of
BMI and VTE risk in COPD individuals with moderate
to severe airflow obstruction.

Pneumothorax was another significant covariate in
our multivariate model, and there was a trend toward

statistical significance for gastroesophageal reflux
disease. There is little data on the associations between
these comorbidities and VTE in prior literature, and
to our knowledge this study is the first to make these
associations in the COPD population. A possible
mechanism for pneumothorax is the immobility
necessary afterthe insertion of a chest tube and pain with
movement limiting activity, leading to lower extremity
venous stasis. It is unclear what, if any, mechanism
is responsible for the link between gastroesophageal
reflux and VTE. Further study is necessary to elucidate
an underlying mechanism.

Congestive heart failure has been shown to be a risk
factor for VTE in several studies. VTE is common in
patients with heart failure, with a prevalence of up to 30
percent.?® In an overview of 32 trials including over
7000 patients with heart failure, PE was identified as the
fifth most common cause of death.?® Several studies
have revealed that congestive heart failure confers an
increased risk of 2.15-2.93 for VTE.2%-3!

This study has some noteworthy limitations. The
assessment of VTE, as well as medical history, was
based on patient recollection, which lends to recall
bias. There was no confirmation of diagnoses by
medical records. The type of VTE (i.e. spontaneous
unprovoked, related to a medical event like surgery, or
associated with an intravenous catheter), the unknown
time period between the event and enrollment, the time
course of its occurrence (ie. during an exacerbation
or during a stable state, before or after the diagnosis
of other comorbidities), and length or adequacy of
treatment could not be assessed. As this was a cross-
sectional analysis, it is difficult to assess causality
of these risk factors for VTE and one can only assess
associations, thereby leading to temporal bias. We are
unable to assess outcomes for those with a history of
VTE. Nonetheless we believe this analysis sheds light
on important differences between COPD patients with
a history of VTE and those without.

In summary, participants with moderate to severe
COPD and VTE are heavier, have a lower exercise
capacity, have more evidence of atherosclerotic disease
such as peripheral vascular disease and myocardial
infarction, and have a greater history of pneumothorax,
congestive heart failure, and gastroesophageal reflux
disease. This study describes a clinical profile of COPD
individuals that are at higher risk for the development
of VTE. The clinician should maintain a heightened
clinical suspicion for VTE in these patients that present
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with dyspnea and should not assume that COPD
exacerbation is the most likely diagnosis. Further study
of COPD individuals with clinically confirmed VTE and
subsequent comprehensive clinical characterization is
needed to solidify risk factors for VTE in this patient
population.
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