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Objective: Chronic obstructive pulmonary disease (COPD) is associated with atherosclero-

sis. Previous studies including limited sample sizes have shown the prevalence of peripheral

arterial occlusive disease (PAOD) among COPD patients. We sought to investigate the

incidence of PAOD among COPD patients in Taiwan using a national database.

Methods: COPD patients were collected from the National Health Insurance Research

Database of Taiwan from 1996 to 2010. The COPD cohort was propensity score matched

according to age, sex, and comorbidities of atrial fibrillation, hypertension, diabetes, hyper-

lipidemia, cerebrovascular accidents, and chronic liver disease to patients without COPD (the

control cohort). We evaluated the incidence of PAOD in COPD patients and the risk of

PAOD associated with atrial fibrillation, hypertension, diabetes, hyperlipidemia, cerebrovas-

cular accidents, and chronic liver disease.

Results: The study included 51,869 COPD patients and 51,869 control patients without

COPD. The incidence of PAOD was 1.23-fold higher (95% confidence interval [CI] =1.17–

1.29) in the COPD group than in the non-COPD group. Moreover, COPD and atrial fibrillation

alone (adjusted hazard ratio (aHR) 2.99; P=0.001), hypertension alone (aHR, 2.05; P<0.001),

diabetes alone (aHR, 2.62; P<0.001) and cerebrovascular accidents alone (aHR 2.05;

P<0.001), increased the risk of developing PAOD. The significant aHRs increased (from 3.7

to 4.9) when the number of comorbidities increased (from ≥1 to ≥3 comorbidities).

Conclusion: COPD patients have a higher incidence and an independently higher risk of

PAOD than patients without COPD. The risk of PAOD is markedly elevated in COPD

patients with more comorbidities.

Keywords: chronic obstructive pulmonary disease, incidence, peripheral arterial occlusive

disease

Introduction
Chronic obstructive pulmonary disease (COPD) is a systemic disease associated with

small airway obstruction that is not fully reversible after inhaled bronchodilators.1

Patients with COPD not only frequently have multiple comorbidities2–5 including

diabetes, dyslipidemia, cardiovascular disease, and cerebrovascular disease but also

have an increased risk of developing dementia, cardiovascular and cerebrovascular

disease. A previous study6 also showed that COPD increased the risk of dementia due

to hypoxia, associated comorbidities, aging or low cerebral perfusion.

These inflammatory reactions not only damage brain cells but also impact

vascular structures throughout the body and lead to vascular diseases, such as
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cardiovascular disease and cerebrovascular disease.

Terzikhan, et al7 found that patients with COPD have an

almost doubled risk of PAOD but that PAOD does not

increase mortality. Tschopp, et al8 suggest that screening

for PAOD using the ankle-brachial index should be per-

formed for every smoker with confirmed COPD. To our

knowledge, there is no national population-based epide-

miology study regarding the incidence of peripheral arter-

ial occlusive disease (PAOD) in patients with COPD. The

aim of our study was to investigate the incidence of PAOD

among patients with COPD.

Methods
Ethics statement
This research was approved by the Institutional Review

Board (IRB) of the Chi Mei Medical Center, Taiwan (IRB

no. 10,705-E02). Informed consent was waived by the

approving IRB. Before further analysis, all personal

related information was deidentified from the dataset

with strict anonymity.

Data sources
In March 1995, the Taiwan Ministry of Health and Welfare

launched a single-payer health care plan, the National

Health Insurance (NHI) program, with nationwide cover-

age. The NHI includes 97% of the healthcare providers

and covers approximately 99% of the total Taiwanese

population of 23 million. The NHI Research Database

(NHIRD) was developed by the National Health

Research Institutes and released for research purposes.

The NHIRD is one of the largest-scale administrative

health care databases worldwide. This database contains

all the inpatient and outpatient registration and claims data

from the NHI program. The database is used to collect

patients’ demographic characteristics, disease/diagnostic

and surgery/operation codes (based on the International

Classification of Diseases, Ninth Revision, Clinical

Modification [ICD-9-CM]), prescription data, and medical

expenditures. In this research, we analyzed the longitudin-

ally linked NHIRD dataset, which consists of a cohort of

1,000,000 randomly selected enrollees who were followed

retrospectively from 1996 to 2010. The personal informa-

tion of individuals in the dataset was deidentified, and

there were no statistically significant differences in age,

sex, and health care cost distributions among the selected

subjects.

Patients
The study group comprised patients who received a diag-

nosis of COPD (ICD-9-CM codes 490–492, and 496)

between January 1, 2003, and December 31, 2009. To

ensure a qualified COPD patient, the subjects with

COPD had to have at least three outpatient visits or one

inpatient admission with a main diagnosis of COPD

recorded in the NHIRD records. The earliest date of the

third visit or admission was designated as the index date to

estimate the risk of PAOD. In total, 72,456 qualified

patients who had COPD were preliminarily retrieved

before exclusion filtering (Figure 1). Patients who were

younger than 40 years, had PAOD before the index date or

had incomplete records were excluded from this study.

Propensity score matching
The potential control subjects were randomly identified

from hospitalized patients without COPD in the database.

For each patient in the COPD group, a matched control

was used by applying propensity score matching consider-

ing baseline differences between COPD and non-COPD

patients. The propensity score was estimated from a prob-

ability function based on a multivariable logistic regres-

sion model to ensure the similarity of baseline

characteristics and reduce selection bias with covariates

between the COPD and non-COPD groups.4 Covariates

included age, sex, atrial fibrillation, hypertension, diabetes,

hyperlipidemia, cerebrovascular accidents and chronic

liver disease. The control subjects were matched and

selected with a propensity score ±0.05 standard deviation

at a 1:1 ratio. The standardized difference was used to

evaluate the balance between COPD and matched with-

out-COPD subjects. The values between −0.1 and 0.1 are

considered to indicate successful propensity matching.9

Outcomes and comorbidities
PAOD mainly caused by arteriosclerosis is a chronic dis-

ease of the arteries. To estimate the risk of PAOD, the

patients were followed until PAOD occurred (ICD-9-CM

code 510), death occurred, the patient withdrew from the

NHI, or the end of 2010. Comorbidities including atrial

fibrillation, hypertension, diabetes, hyperlipidemia, cere-

brovascular accidents and chronic liver disease were iden-

tified within 1 year before the index date according to

ICD-9-CM codes from the outpatient and inpatient

records.
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Statistical analysis
Demographic and comorbidity variables for patients in

the COPD or non-COPD groups were expressed as fre-

quencies (percentages) or the mean (± standard deviation,

SD) and compared using the chi-square test and Student’s

t-test. The demographic characteristics included sex and

age (stratification in subgroups from 40–49, 50–59, 60–

69 and older than 70 years). Cumulative incidence curves

for PAOD were plotted using the Kaplan–Meier method,

and the differences in these curves among the COPD and

non-COPD groups were tested by the log-rank test. The

incidence rate of PAOD was estimated using the total

number of PAOD events divided by the total follow-up

period (per 10,000 person-years). A Cox proportional

hazards model was used to measure the main effect of

comorbidities of COPD patients on the time to PAOD

occurrence. Hazard ratios (HRs) and their 95% confi-

dence intervals (CIs) were estimated by Cox regression.

Variables with significant values in the univariable model

were further examined in the Cox regression model. All

statistical tests were two-sided, and a P-value of 0.05 was

considered indicative of significance. The statistical ana-

lyses were performed using SPSS (version 15, SPSS Inc.,

Chicago, IL, USA).

Results
Patient characteristics
A total of 51,869 eligible patients with COPD were identi-

fied for inclusion in the study group (Figure 1). Propensity

scores were calculated as covariate variables associated

with PAOD for all patients. After propensity score match-

ing, the control (non-COPD) group comprised 51,869 com-

parable patients. The study group consisted of 3155 (6.1%)

patients with PAOD, and the control group included 2937

(5.7%) patients (Table 1). The comparisons of basic char-

acteristics between these two groups (COPD vs non-COPD)

are shown in Table 1. The variables of age, sex and comor-

bidities were evenly distributed among the two groups,

thereby increasing the between-group comparability.

Incidence of PAOD
As shown in Table 2, the overall incidence rate of PAODwas

higher in the COPD group than in the non-COPD group

(107.8 vs 85.97 per 104 person-years). The adjusted HR

(aHR, 1.23; 95% CI, 1.17–1.29; P<0.001) of PAOD indi-

cated that the risk of PAOD was 1.23-fold higher in COPD

patients than in non-COPD patients. This relationship was

further estimated by examining the association between age,

sex, and comorbidities. In the COPD group, the age-stratified

Patients diagnosed with COPD
from 2003-2009 (N=72,456)

Patients diagnosed without COPD
from 2003-2009 (N=72,456)

Patients diagnosed with COPD
from 2003-2009 (N=51,869)

The COPD group
 (N=51,869)

The without-COPD group
 (N=51,869)

Patients diagnosed without COPD
from 2003-2009 (N=321,864)

Patients excluded:
1.   Aged<40 years
2.   PAOD before COPD
3.   Incomplete records

Patients excluded:
1.   Aged<40 years
2.  Incomplete records

Propensity score matching:
1.   Age
2.  Gender
3.  All comorbidities

Figure 1 Flowchart of subject enrollment.

Abbreviations: COPD, chronic obstructive pulmonary disease; PAOD, peripheral arterial occlusive disease.
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incidence rates of PAOD increased by age (49.75, 81.78,

121.35 and 139.73 for the age groups of 40–49, 50–59, 60–

69 and older than 70 years, respectively). These incidence

rates in the COPD group were also significantly higher than

those in the non-COPD group. In the Cox regression analy-

sis, age, sex, and comorbidities were associated with higher

risks of PAOD in the COPD group than in the non-COPD

group (Table 2). For example, for patients with chronic liver

disease, the aHR of PAOD in the COPD group was 1.22

(95% CI, 1.12–1.32; P<0.001) times that in the non-COPD

group.

Comorbidities associated with PAOD
The associations between comorbidities and PAOD among

COPD patients were further investigated (Table 3). The

baseline group (n=55,136) comprised COPD patients with

no comorbidities compared with those with various

comorbidities. A significantly increased risk of PAOD

was found in patients with atrial fibrillation alone (aHR,

3.67; P<0.001), hypertension alone (aHR, 2.05; P<0.001),

diabetes alone (aHR, 2.62; P<0.001) and cerebrovascular

accidents alone (aHR, 2.05; P<0.001). These significant

aHRs increased (from 3.7 to 4.9) as the number of comor-

bidities increased (from ≥1 to ≥3 comorbidities).

Cumulative incidence rates of PAOD
Cumulative incidence curves estimating the occurrence of

PAOD over time showed significant differences (P<0.05

with the log-rank test) between the COPD and non-COPD

groups (Figure 2). In Figure 3, COPD patients with comor-

bid atrial fibrillation alone had a significantly higher risk

of PAOD than COPD patients with no comorbidities and

non-COPD patients with comorbid diabetes alone (P<0.05

with the log-rank test). Similar cumulative incidence

curves of higher risk of PAOD were also found for

COPD patients with only comorbid atrial fibrillation

(Figure 4), only hypertension (Figure 5), only diabetes

(Figure 6) and only cerebrovascular accident (Figure 7)

when compared not only to COPD patients with no comor-

bidity but also without-COPD patients with only comorbid

diabetes (P<0.05, by log-rank test).

Discussion
Incidence of PAOD among COPD patients
To our knowledge, this national population-based study is

the first to compare the risk of PAOD between COPD and

non-COPD patients. In our study, we found that COPD

increased the risk of PAOD with an aHR of 1.23 (95%

CI=1.17–1.29). The risk of PAOD was significantly higher

Table 1 Demographic characteristics and comorbidities of patients with and without COPD

Variables COPD non-COPD P-value Standardized difference

(n=51,869) (n=51,869)

Age, years

40–49 8954(17.3) 9177(17.7) <0.001 -

50–59 10,813(20.8) 10,648(20.5) -

60–69 12,453(24) 12,422(24) -

≥70 19,649(37.9) 19,622(37.8) -

Mean (±SD) 64.3(12.8) 64.3(13.1) 0.58 0.003

Sex

Male 29,206(56.3) 28,612(55.2) <0.001 0.023

Female 22,663(43.7) 23,257(44.8)

Comorbidities

Atrial fibrillation 3253(6.3) 3490(6.7) 0.003 0.019

Hypertension 35,607(68.6) 35,489(68.4) 0.43 0.005

Diabetes 18,157(35) 18,084(34.9) 0.635 0.003

Hyperlipidemia 23,151(44.6) 23,421(45.1) 0.093 0.01

Cerebrovascular accident 17,002(32.8) 17,150(33.1) 0.331 0.006

Liver cirrhosis 16,428(31.7) 16,728(32.3) 0.046 0.012

Result

PAOD 3155(6.1%) 2937(5.7%) 0.004 -

Abbreviations: COPD, chronic obstructive pulmonary disease; PAOD, peripheral arterial occlusion disease; SD, standard deviation.
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Table 2 Incidence of PAOD in patients with and without COPD

Characteristics COPD (51,869) non-COPD (51,869) aHR (95% CI) P

Event TFP(PY) IR Event TFP(PY) IR

PAOD 3155 292,658.36 107.80 2937 341,645.64 85.97 1.23(1.17–1.29) <0.001

Age

40–49 254 51,052.52 49.75 213 61,086.77 34.87 1.4(1.16–1.679) <0.001

50–59 486 59,428.33 81.78 433 69,975.19 61.88 1.28(1.12–1.45) <0.001

60–69 867 71,449.14 121.35 757 82,415.74 91.85 1.27(1.15–1.4) <0.001

70 and above 1548 110,786.74 139.73 1534 128,183.73 119.67 1.12(1.05–1.21) 0.001

Sex

Male 1776 165,561.41 107.27 1474 187,627.25 78.56 1.32(1.23–1.41) <0.001

Female 1379 127,096.95 108.50 1463 154,018.39 94.99 1.1(1.02–1.18) 0.016

Comorbidities

Atrial fibrillation

Yes 290 19,913.61 145.63 328 23,630.81 138.80 1.01(0.864–1.19) 0.863

No 2865 272,744.74 105.04 2609 318,014.83 82.04 1.23(1.17–1.3) <0.001

Hypertension

Yes 2695 213,140.79 126.44 2567 246,203.65 104.26 1.18(1.11–1.24) <0.001

No 460 79,517.57 57.85 370 95,442 38.77 1.36(1.19–1.55) <0.001

Diabetes

Yes 1556 105,695.85 147.21 1544 121,340.29 127.25 1.13(1.05–1.21) 0.001

No 1599 186,962.5 85.53 1393 220,305.36 63.23 1.29(1.2–1.38) <0.001

Hyperlipidemia

Yes 1840 136,483.76 134.81 1780 160,303.29 111.04 1.18(1.11–1.27) <0.001

No 1315 156,174.6 84.20 1157 181,342.35 63.80 1.25(1.16–1.35) <0.001

Cerebrovascular accident

Yes 1574 100,691.31 156.32 1598 116,196.93 137.53 1.1(1.02–1.18) 0.007

No 1581 191,967.04 82.36 1339 225,448.71 59.39 1.33(1.24–1.43) <0.001

Liver cirrhosis

Yes 1252 92,968.47 134.67 1213 119,570.64 101.45 1.22(1.12–1.32) <0.001

No 1903 199,689.89 95.30 1724 222,075 77.63 1.2(1.13–1.28) <0.001

Abbreviations: COPD, chronic obstructive pulmonary disease; TFP, total follow-up period; PY, per 10,000 person-years; IR, incident rate per 10,000 person-years; aHR,

adjusted hazard ratio; PAOD, peripheral arterial occlusive disease.

Table 3 Impact of comorbidities on PAOD among COPD patients (n=55,136)

Comorbidity Number (%) Event aHR (95% CI) P-value

No comorbidity 7154(13.8) 129

Atrial fibrillation only 187(0.4) 10 2.99(1.57–5.7) 0.001

Hypertension only 5755(11.1) 209 1.98(1.59–2.5) <0.001

Diabetes only 710(1.4) 27 2.07(1.37–3.14) 0.001

Hyperlipidemia only 1827(3.5) 42 1.28(0.9–1.81) 0.165

Cerebrovascular accident only 1048(2.0) 33 1.71(1.17–2.5) 0.006

Cirrhosis only 1792(3.5) 44 1.36(0.96–1.91) 0.082

Ischemic heart disease only 966(1.9) 34 2.19(1.48–3.24) <0.001

≥1 comorbidity 44,715(86.2) 3026 3.7(3.1–4.41) <0.001

≥2 comorbidities 34,667(66.8) 2682 4.22(3.53–5.04) <0.001

≥3 comorbidities 21,907(42.2) 1963 4.9(4.01–5.85) <0.001

Abbreviations: IR, incident rate of empyema (Event/Number); aHR, adjusted hazard ratio; COPD, chronic obstructive pulmonary disease; PAOD, peripheral arterial

occlusive disease.
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in all age groups of patients with COPD than among those

without COPD, and the risk of PAOD was increased in

young patients with COPD, particularly those between 40

and 49 years old. In addition, the risk of PAOD was higher

in male patients with COPD than in male patients without

COPD. Among all COPD patients, those with any one

type of comorbidity, including hypertension, diabetes,

atrial fibrillation, and cerebrovascular accidents, had a

higher risk of PAOD. The more comorbidities that were

present, the higher the risk of PAOD was.

Houben-Wilke et al10 also published a study to evalu-

ate their association. Approximately 9% of COPD patients

were diagnosed with PAOD, which is higher than the

prevalence in patients without COPD. PAOD was asso-

ciated with a decline in lung function and health status.

COPD and PAOD are an important topic, and Houben-

Wilke et al10 and Terzikhan et al7 also published studies

evaluating their association. However, unlike these studies,

our study group comprised only Asian COPD patients.

Furthermore, our study is a national population-based study

1.20.8
Adjusted hazard ratio with 95% confidence interval

Chronic liver disease (Yes)

Cerebrovascular accident  (No)

Cerebrovascular accident  (Yes)

Chronic liver disease (No)

Diabetes (No)

Diabetes (Yes)

Hyperlipidemia (Yes)

Hypertension (No)

Atrial fibrilation (Yes)

C
om

or
bi

di
ty

Atrial fibrilation (No)

Hypertension (Yes)

Hyperlipidemia (No)

1.4 1.61

Figure 2 Forest plot portraying the adjusted hazard ratio (aHR) and 95% confidence interval of the association between chronic obstructive pulmonary disease (with vs

without) and peripheral arterial occlusion disease (occurred vs not occurred) in relation to having or not having comorbidities (yes vs no).
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Figure 3 Cumulative incidence of peripheral arterial occlusion disease in patients with and without chronic obstructive pulmonary disease (COPD).
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that enrolled COPD patients at all stages in Taiwan, and we

evaluated the incidence of PAOD in patients with COPD and

the risk of PAOD associated with comorbidities including

atrial fibrillation, hypertension, diabetes, hyperlipidemia,

cerebrovascular accidents and chronic liver disease.

Prevalence of PAOD among COPD

patients
Lin et al.11 conducted a prospective cross-sectional study

in a single hospital in Taiwan and enrolled 427 COPD

patients with a mean age of 70.0 years. These COPD

patients had no PAOD symptoms, and the ankle-brachial

index was used to detect PAOD. Notably, most of the

enrolled patients with COPD were male (97.5%). The

overall prevalence of asymptomatic PAOD was 8%,

which was lower in COPD patients younger than

65 years (2.5%) and higher in COPD patients 65 years

and older (10%). COPD patients with PAOD more fre-

quently had comorbidities of hypertension and dyslipide-

mia than those without peripheral arterial disease, but
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Figure 4 Cumulative incidence of peripheral arterial occlusion disease in patients with atrial fibrillation.

Abbreviations: COPD, chronic obstructive pulmonary disease; PAOD, peripheral arterial occlusive disease.
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Figure 5 Cumulative incidence of peripheral arterial occlusion disease in patients with hypertension.

Abbreviations: COPD, chronic obstructive pulmonary disease; PAOD, peripheral arterial occlusive disease.
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there was no significant difference in pulmonary function.

After multivariate logistic regression, the strongest inde-

pendent risk factor for PAOD was dyslipidemia, followed

by older age and hypertension. Unlike the study by Lin et

al, our study was a retrospective national survey based on

patients’ symptoms and signs and a clinical diagnosis. We

showed that the incidence rate of PAOD among COPD

patients was 107.8 per 10,000 person-years. Moreover, we

found that younger COPD patients had a higher risk of

PAOD than non-COPD patients. The percentage of

patients with hypertension, diabetes and dyslipidemia

was higher in our group than in their group, and the risk

factors for PAOD included hypertension, diabetes, atrial

fibrillation, dyslipidemia, and cerebrovascular accidents.

Previous studies that explore the prevalence of PAOD in

patients with COPD are available in the literature.11–15 The

first study12 was in France, and the authors surveyed 151

COPDpatients withmoderate-to-severe disease. They showed

that the prevalence of peripheral arterial disease based on the

ankle-brachial index <0.9 was 81.4%, which is very high

compared to studies by Blum et al.13 and Pecci et al.14 who

reported a prevalence of PAOD ranging from 30% to 40%.
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Figure 6 Cumulative incidence of peripheral arterial occlusion disease in patients with diabetes.

Abbreviations: COPD, chronic obstructive pulmonary disease; PAOD, peripheral arterial occlusive disease.
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Figure 7 Cumulative incidence of peripheral arterial occlusion disease in patients with cerebrovascular accident.

Abbreviations: COPD, chronic obstructive pulmonary disease; PAOD, peripheral arterial occlusive disease.
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The difference in the prevalence of PAOD may be due to the

group characteristics. Lin et al.11 enrolled a COPD group with

fewer comorbidities, including diabetes, hypertension and

dyslipidemia, than the group included in another study.

Previous studies have shown the association between

ischemic heart disease and COPD, and these diseases have

mutual influence. Many factors such systemic inflamma-

tion, hypoxia, endothelial and platelet dysfunction not only

interact with the development of ischemic heart disease

but also influence PAOD.16 The current study showed that

patients with acute coronary syndrome and COPD have

increased endothelial dysfunction and platelet reactivity;

the platelet aggregation inhibitor Ticagrelor, an antagonist

of the P2Y12 receptor in platelets, can improve endothelial

and platelet function. The pathogenesis may contribute to

PAOD in patients with COPD.17

Pulmonary function and PAOD
There is still controversy about pulmonary function, smok-

ing and PAOD.

Pecci et al.14 showed that pulmonary function was asso-

ciated with PAOD; however, they did not include multiple

variables, such as hypertension, diabetes, and dyslipidemia,

in a logistic regression analysis. Lin et al.11 did not find an

association between pulmonary function and PAOD. In a

study by Houben-Wilke et al.,10 the risk of PAOD among

COPD patients was not associated with GOLD stage I-IV

(approximately 5.1%, 7.4%, 11.1%, and 9.5% of patients

had GOLD stage I, II, III and IV disease, respectively). Our

database lacked data on pulmonary function; thus, further

large-scale investigations are needed to confirm the associa-

tion between pulmonary function and PAOD.

Smoking and PAOD
Smoking is one of the most important risk factors for COPD,

cardiovascular disease and cerebrovascular disease. In the

study by Blum et al, smoking status was not significantly

different between COPD patients with and without PAOD.

Lin et al found that smoking is a risk factor for PAOD.

Unfortunately, our database also lacked data regarding smok-

ing status in COPD patients. Tschopp et al8 enrolled 81 COPD

patients and showed a significant association between COPD

and PAOD. They suggested screening every smoker with

confirmed COPD for PAOD. Houben-Wilke et al10 enrolled

2,088 patients with COPD, and among 184 COPD patients

with PAOD, PAOD was associated with old age, current

smoking status, dyslipidemia, hypertension, and diabetes,

which are also risk factors for cardiovascular disease.

PAOD and prognosis
From a database, Willey et al15 enrolled 175,865 veteran

patients with newly diagnosed PAOD who had a mean age of

69.9 years; 97.8% of these patients were male. Among these

patients, approximately 77% had hypertension, 46.5% had

diabetes, and 23% had COPD. The authors found that patients

with COPD had a high prevalence of comorbidities and a

higher risk of mortality and limb loss. Our study showed that

COPD patients with PAOD also had a high prevalence of

comorbid diseases, such as diabetes, hypertension and dyslipi-

demia. PAOD is associated with highmorbidity and represents

a prospective signal of cardiovascular morbidity and

mortality.16,17 Additionally, asymptomatic PAOD decreased

walking endurance in patients with COPD.12 Therefore, early

identification of asymptomatic PAOD among patients with

COPD and early treatment may alleviate exercise intolerance.

Coexistent COPD and PAOD may lead to a poorer prog-

nosis, and whether early interventions can delay disease

progression and improve outcomes needs further study.

PAOD and inflammation
PAOD is a common manifestation of atherosclerosis.

Evidence has shown that PAOD results from cholesterol

accumulation and inflammatory cell and cytokine cross-talk

between T lymphocytes and macrophages via interferon-γ,
lymphotoxin, and tumor necrosis factor-α; furthermore,

PAOD controls plaque biology that induces the thrombotic

consequence of atherosclerosis in endothelial cells and

smooth muscle cells.18 COPD and atherosclerosis are both

systemic inflammatory diseases. Notably, COPD is a com-

mon comorbid disease in patients with atherosclerotic artery

disease, and each disease influences the other.19 Thus, there

are several good reasons to believe that COPD not only is

associated with PAOD but also is an independent risk factor

for PAOD.

Limitations
There are some limitations to our study. Our database lacks

laboratory data, such as pulmonary function tests and ankle-

brachial index values. We also lack data from the Modified

Medical Research Council (mMRC) Dyspnea Scale to stra-

tify the severity of dyspnea in COPD patients as well as

body mass index and smoking status data in patients. The

diagnosis of COPD is based on spirometry data, and that of

PAOD is based on the ankle-brachial index. ICD codes

could be misinterpreted. Thus, some of our included cases

could have been misdiagnosed. However, this study
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enrolled patients with COPD at all stages in Taiwan; thus,

the results can be applied to the general COPD group.

We used propensity score matching for comorbidities,

including diabetes, hypertension, and dyslipidemia, to

adjust for the influence of body mass index.

Conclusion
Our study demonstrated that patients with COPD had a

higher risk of developing PAOD compared with patients

without COPD. The risk factors for PAOD in COPD

included diabetes, hypertension, atrial fibrillation, dyslipide-

mia, and cerebrovascular accidents. Physicians should con-

sider the possibility of PAODwhen following COPD patients

with these comorbidities, and prompt examination is impor-

tant for documentation of this disease in COPD patients.

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

References
1. Global Initiative for Chronic Obstructive Lung Disease. Global

Strategy for the Diagnosis, Management, and Prevention of COPD.
Bethesda (MD): GOLD; 2018.

2. Rubinsztajn R, Przybyłowski T, Grabicki M, et al. Comorbidities in
chronic obstructive pulmonary disease: results of a national multi-
center research project. Adv Clin Exp Med. 2019;28(3):319–324.
doi:10.17219/acem/78024

3. Leong P, Macdonald MI, Ko BS, Bardin PG. Coexisting chronic
obstructive pulmonary disease and cardiovascular disease in clin-
ical practice: a diagnostic and therapeutic challenge. Med J Aust.
2019;210:417–423. [Epub ahead of print]. doi:10.5694/mja2.50
120

4. Trinkmann F, Saur J, Borggrefe M, Akin I. Cardiovascular comorbid-
ities in Chronic Obstructive Pulmonary Disease (COPD)-current con-
siderations for clinical practice. J Clin Med. 2019;8(1):E69.
doi:10.3390/jcm8010069

5. Camiciottoli G, Bigazzi F, Magni C, et al. Prevalence of comor-
bidities according to predominant phenotype and severity of
chronic obstructive pulmonary disease. Int J Chron Obstruct
Pulmon Dis. 2016;11:2229–2236. eCollection 2016. doi:10.2147/
COPD.S111724

6. Liao K-M, Chung-Han H, Shian-Chin K, Chung-Yi L. Increased
risk of dementia in patients with chronic obstructive pulmonary
disease. Medicine (Baltimore). 2015;94(23):e930. doi:10.1097/
MD.0000000000000874

7. Terzikhan N, Lahousse L, Verhamme KM, et al. COPD is associated with
an increased risk of peripheral artery disease andmortality.ERJOpenRes.
2018;4(4):00086–2018. doi:10.1183/23120541.00086-2018

8. Tschopp J, Dumont P, Hayoz D, et al. prevalence of COPD and its
association with peripheral arterial disease in the internal medicine
ward of a tertiary care hospital. Swiss Med Wkly. 2017;147:w14460.

9. Austin PC. An introduction to propensity score methods for reducing
the effects of confounding in observational studies. Multivar Behav
Res. 2011;46:399–424. doi:10.1080/00273171.2011.568786

10. Houben-Wilke S, Jörres R, Bals R, et al. Peripheral artery disease and
its clinical relevance in patients with Chronic Obstructive Pulmonary
Disease in the COPD and systemic consequences-comorbidities net-
work study. Am J Respir Crit Care Med. 2017;195(2):189–197.
doi:10.1164/rccm.201602-0354OC

11. Lin MS, Hsu KY, Chen YJ, Chen CR, Chen CM, Chen W. Prevalence
and risk factors of asymptomatic peripheral arterial disease in
patients with COPD in Taiwan. PLoS One. 2013;8(5):e64714.
doi:10.1371/journal.pone.0064714

12. Castagna O, Boussuges A, Nussbaum E, Marqueste L, Brisswalter J.
Peripheral arterial disease: an underestimated aetiology of exercise
intolerance in chronic obstructive pulmonary disease patients. Eur J
Cardiovasc Prev Rehabil. 2008;15:270–277. doi:10.1097/
HJR.0b013e3282f009a9

13. Blum A, Simsolo C, Sirchan R, Haiek S. “Obesity paradox” in chronic
obstructive pulmonary disease. Isr Med Assoc J. 2011;13:672–675.

14. Pecci R, De La Fuente Aguado J, Sanjurjo Rivo AB, Sanchez Conde P,
Corbacho Abelaira M. Peripheral arterial disease in patients with chronic
obstructive pulmonary disease. Int Angiol. 2012;31:444–453.

15. Willey J, Mentias A, Vaughan-Sarrazin M, McCoy K, Rosenthal G,
Girotra S. Epidemiology of lower extremity peripheral artery disease
in veterans. J Vasc Surg. 2018;68(2):527–535.e5. doi:10.1016/j.
jvs.2017.11.083

16. Campo G, Pavasini R, Malagù M, et al. Chronic obstructive pulmon-
ary disease and ischemic heart disease comorbidity: overview of
mechanisms and clinical management. Cardiovasc Drugs Ther.
2015;29(2):147–157. doi:10.1007/s10557-014-6569-y

17. Pavasini R, Vieceli Dalla Sega F, Gallo F, et al. Endothelial dys-
function and increased platelet reactivity in patients with acute
coronary syndrome and undiagnosed COPD: insights into the
SCAP trial. Eur Respir J. 2017;50:1701183. doi:10.1183/
13993003.00711-2017

18. Libby P. Inflammation in atherosclerosis. Arterioscler Thromb Vasc
Biol. 2012;32(9):2045–2051. doi:10.1161/ATVBAHA.108.179705

19. Tuleta I, Farrag T, Busse L, et al. High prevalence of COPD in
atherosclerosis patients. Int J Chron Obstruct Pulmon Dis.
2017;12:3047–3053. doi:10.2147/COPD.S141988

International Journal of Chronic Obstructive Pulmonary Disease Dovepress
Publish your work in this journal
The International Journal of COPD is an international, peer-reviewed
journal of therapeutics and pharmacology focusing on concise rapid
reporting of clinical studies and reviews in COPD. Special focus is
given to the pathophysiological processes underlying the disease, inter-
vention programs, patient focused education, and self management

protocols. This journal is indexed on PubMed Central, MedLine
and CAS. The manuscript management system is completely online
and includes a very quick and fair peer-review system, which is
all easy to use. Visit http://www.dovepress.com/testimonials.php to
read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/international-journal-of-chronic-obstructive-pulmonary-disease-journal

Liao et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
International Journal of Chronic Obstructive Pulmonary Disease 2019:141464

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.17219/acem/78024
https://doi.org/10.5694/mja2.50120
https://doi.org/10.5694/mja2.50120
https://doi.org/10.3390/jcm8010069
https://doi.org/10.2147/COPD.S111724
https://doi.org/10.2147/COPD.S111724
https://doi.org/10.1097/MD.0000000000000874
https://doi.org/10.1097/MD.0000000000000874
https://doi.org/10.1183/23120541.00086-2018
https://doi.org/10.1080/00273171.2011.568786
https://doi.org/10.1164/rccm.201602-0354OC
https://doi.org/10.1371/journal.pone.0064714
https://doi.org/10.1097/HJR.0b013e3282f009a9
https://doi.org/10.1097/HJR.0b013e3282f009a9
https://doi.org/10.1016/j.jvs.2017.11.083
https://doi.org/10.1016/j.jvs.2017.11.083
https://doi.org/10.1007/s10557-014-6569-y
https://doi.org/10.1183/13993003.00711-2017
https://doi.org/10.1183/13993003.00711-2017
https://doi.org/10.1161/ATVBAHA.108.179705
https://doi.org/10.2147/COPD.S141988
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

