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Background: Atrial fibrillation (AF) occurs frequently in patients with COPD. There are limited
data about the impact of AF in hospitalized COPD patients on other serious health outcomes,
such as acute organ dysfunction, severe sepsis, and respiratory failure. The aim of our study
was to delineate the impact of AF in hospitalized COPD patients.

Methods: We defined COPD populations with and without AF from the National Health Insur-
ance database in Taiwan. The control subjects (patients with COPD without AF) were selected
from the population of COPD patients who had no history of AF and were matched to the COPD
patients with AF by age (£1 year), gender, and the year of COPD diagnosis (1 year). The pri-
mary outcome was the time to any first event, which included acute organ dysfunction, severe
sepsis, respiratory failure, and death during the hospitalization period. Secondary outcomes,
which also included acute organ dysfunction, severe sepsis, respiratory failure, and death, were
estimated separately over time.

Results: The primary outcome probability was higher in COPD patients with AF than in
COPD patients without AF, with an adjusted HR (aHR) of 1.169 (95% confidence interval
[CI]: 1.034-1.320), and higher risks of acute organ dysfunction and respiratory failure were
also observed in the former group, with aHRs of 1.179 (95% CI: 1.0370-1.339) and 1.176
(95% CI: 1.006—1.374), respectively.

Conclusion: Compared with COPD patients without AF, those with AF had a higher risk of
hepatic dysfunction and respiratory failure.

Keywords: atrial fibrillation, acute organ dysfunction, COPD, respiratory failure, sepsis

Introduction

Atrial fibrillation (AF) is one of the most frequently noted arrhythmias in patients with
COPD. There are many factors contributing to AF in the COPD population, including
smoking, oxidative stress, and tissue hypoxia, as well as the effects of medications,
including corticosteroids, theophylline, and beta-agonists.!*> Our previous study®
showed that, compared with those without COPD, patients with COPD presented an
adjusted HR (aHR) of 2.23 with a 95% confidence interval (CI) of 1.98-2.51. AF is
an aging-associated disease with an incidence rate of 0.84 per 100,000 person-years
in patients between 40 and 49 years old and an increased incidence rate of 5.23 per
100,000 person-years in those aged >70 years. A previous study’ enrolled 4,618 resi-
dents with AF that was first documented between 1980 and 2000; the results showed
a trend of mortality after AF. After a mean follow-up of 5.3%£5.0 years, the mortality
HR was 9.62 within the first 4 months and 1.66 thereafter in the AF population with
no evidence of changes in mortality during the 21 years. Another study® investigated
the long-term effects of AF in patients with pacemakers and found that mortality was
significantly decreased during the last three decades. In addition, many studies®
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have shown that AF increases the risk of death, and the
mortality rate was high in the first year of AF occurrence.’
Due to different selection criteria and study periods, there
is no consensus among researchers regarding the prognosis
of AF in hospitalized patients. COPD and AF are common
diseases and often coexist. A study'* enrolled 227 patients
who had concomitant COPD and AF and found that COPD
is an independent risk factor for the 1-year all-cause mortal-
ity in patients with AF. However, there is limited evidence
regarding the influence of AF on the prognosis of COPD
patients, such as organ dysfunction and respiratory failure
in hospitalization. The aim of our study was to investigate
the impact of AF on hospitalized COPD patients by using a
nationwide analysis based on an insurance claims database
in Taiwan.

Methods

Source of data

Taiwan started a single-payer National Health Insurance
program on March 1, 1995 and enrolled >99.9% of Taiwan’s
population. A medical claims database, the National Health
Insurance Research Database (NHIRD), was created for
research and includes outpatient and inpatient claims data.
The database comprises patients’ age, gender, diseases,
prescription drugs, and medical expenditures. This study was
a population-based retrospective cohort one. Our data were
retrieved from the Longitudinal Health Insurance Database,
which comprises 1,000,000 beneficiaries collected from
1997 to 2013. In this observational and analytical study,
the database was derived from NHIRD, and the data are
de-identified secondary data released for research purposes.
The study was reviewed and approved by the Institutional
Review Board of Kaohsiung Medical University Hospital
(KMUH-IRB-EXEMPT (11)-20170003). According to both
the NHIRD and hospital regulations, the informed consent
from patients was waived for this retrospective cohort study
due to the information being de-identified secondary data.
All procedures were in accordance with the principles of the
Declaration of Helsinki.

Study population

We defined the COPD population according to the diagnostic
guidelines of the International Classification of Diseases-
9-Clinical Modification (ICD-9-CM) codes 490492 and
496, A-codes A323 and A325, and at least one prescrip-
tion of long-acting muscarinic antagonists, long-acting
beta-agonists, or long-acting beta-agonists and inhaled
corticosteroids between 1998 and 2012.

From COPD population, we extracted patients with
history of AF (ICD-9-CM code 427.3) as case group between
1998 and 2012. The index date was the date of the first diag-
nosis of COPD, and patients in the COPD and AF group (case
group) were diagnosed with AF before the index date.

The control subjects (patients with COPD without AF)
were selected from the COPD patients who had no history
of AF and were matched to the COPD patients with AF by
age (1 year), gender, and the year of index date (1 year).
The AF-to-control ratio was 1:3.

Infection site and life-support treatments, including
intensive care, vasopressor use, hemodialysis, and mechani-
cal ventilation, were extracted from ambulatory visits and
hospitalization data within a year before the index date by
ICD-9-CM codes and history of medications. The comorbidi-
ties were identified from inpatient or outpatient diagnoses
1 year before the index date. Comorbidities included hyper-
tension (ICD-9-CM codes 401-405), diabetes (ICD-9-CM
code 250), hyperlipidemia (ICD-9-CM code 272), cerebro-
vascular accident (ICD-9-CM codes 430—438), congestive
heart failure (ICD-9-CM code 428), or cancer (ICD-9-CM
codes 140-208). The demographic characteristics that were
evaluated included gender, age, urban living, and comorbidi-
ties in the case and control groups.

Outcome measures

The primary outcome was the time to any first event, includ-
ing acute organ dysfunction, severe sepsis, respiratory failure,
and death during the hospitalization period. Secondary
outcomes, which also included acute organ dysfunction,
severe sepsis, respiratory failure, and death, were estimated
separately over time. We also divided acute organ dysfunc-
tion into different organ systems (cardiovascular, respiratory,
renal, hepatic, neurologic, hematologic, and metabolic) for
evaluation, and the diagnostic codes for acute organ dysfunc-
tion are listed in Table S1. Severe sepsis included patients
with bacterial or fungal infections and acute organ dysfunc-
tion during hospitalization, and the diagnostic criteria have
been described in previous studies.!>!¢ Respiratory failure fol-
lowed ICD-9-CM codes 518.81, 518.83, and 518.84 obtained
from ambulatory visits and hospitalization data.

Statistical analysis

We sought to describe the demographics and clinical charac-
teristics, including age, gender, urban living, comorbidities,
infection sites, and life-support treatments including intensive
care, vasopressor use, hemodialysis, and mechanical ventila-
tion in COPD patients with and without AF.
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Continuous variables are presented as the means and SDs
and were compared between the case and control groups with
Student’s #-tests. Discrete variables are presented as counts
and percentages and were compared between the case and
control groups with chi-square tests. Values of P<<0.05
were considered statistically significant in all statistical
analyses.

The effects of AF were examined in COPD patients dur-
ing a 14-year follow-up. Each case was followed until the
first occurrence of one of the primary outcome measures
(acute organ dysfunction, severe sepsis, respiratory failure,
or death) or until the end of December 31, 2013. All cases
in which no predefined outcomes or death occurred during
the follow-up were not included in the analysis. A Cox
proportional hazards model was used to assess the asso-
ciation of outcomes with case and control groups during
the follow-up period. Univariate and multivariate models
were used to estimate HRs in the Cox proportional hazards
model to assess the associations of primary and secondary
outcomes in COPD patients with AF during the follow-up
period. Models were adjusted for age, gender, urban living,
comorbidities, infection sites, and life-support treatments.
Kaplan—Meier estimates were used to generate time-to-event
curves for the primary outcome. We used Kaplan—Meier
analyses to estimate the time to primary outcome, including
acute organ dysfunction, severe sepsis, respiratory failure,
and death, in COPD patients with and without AF during the
observed period. All data processing and statistical analyses
were performed using the SAS® software version 9.4 (SAS
Institute Inc., Cary, NC, USA).

Results

We enrolled 882 patients with COPD and AF and 2,646
patients with COPD without AF. Table 1 shows the demo-
graphic characteristics, comorbidities, infection sites, and
life-support measures in COPD patients with and without AF.
The mean age of patients with COPD and AF was 67.3 years.
Approximately 50% of the patients with COPD and AF were
aged >70 years, and male patients comprised 63.5% of this
group. COPD patients with AF tended to have a higher preva-
lence of comorbidities, including hypertension (68.3% vs
46.3%), diabetes (22.8% vs 16.5%), hyperlipidemia (19.5%
vs 14.7%), cerebrovascular accident (25.3% vs 16.9%), and
congestive heart failure (20% vs 8.4%) than COPD patients
without AF. Infections occurred more frequently in COPD
patients with AF than in COPD patients without AF. Com-
pared with COPD patients without AF, COPD patients with
AF required more life-support resources, including admission

Table | Demographic characteristics and comorbidities in
COPD patients with and without AF

With AF Without AF  P-value
(N=882) (N=2,646)
Age (years), mean (£SD) 67.3 (£12.8) 67.0 (£12.6) 0.5836
Age stratification, n (%) 0.9860
<40 30 (3.4) 98 (3.7)
4049 60 (6.8) 172 (6.5)
50-59 110 (12.5) 326 (12.3)
60-69 249 (28.1) 761 (28.8)
70 443 (50.2) 1,289 (48.7)
Gender, n (%)
Male 560 (63.5) 1,751 (66.2) 0.1465
Female 322 (36.5) 895 (33.8)
Urban living, n (%) 0.1568
Urban 582 (66.0) 1,814 (68.6)
Rural 300 (34.0) 832 (31.4)
Comorbidities, n (%)
Hypertension 602 (68.3) 1,225 (46.3) <0.0001
Diabetes 201 (22.8) 437 (16.5) <0.0001
Hyperlipidemia 172 (19.5) 389 (14.7) 0.0007
Cerebrovascular accident 223 (25.3) 446 (16.9) <0.0001
Congestive heart failure 176 (20.0) 222 (8.4) <0.0001
Cancer 100 (11.3) 256 (9.7) 0.1556
Infection, n (%)
At least one site 221 (25.1) 496 (18.7) <0.0001
Respiratory 128 (14.5) 295 (11.1) 0.0077
Genitourinary 79 (8.9) 149 (5.6) 0.0005
Life-support measures, n (%)
Intensive care unit 83 (9.4) 153 (5.8) 0.0002
Vasopressor use 24 (2.7) 34 (1.3) 0.0037
Hemodialysis 9 (1.0) 9(0.3) 0.0141
Mechanical ventilation 61 (6.9) 115 (4.3) 0.0024

Abbreviations: AF, atrial fibrillation; SD, standard deviation.

to the intensive care unit, vasopressor administration, hemo-
dialysis, and mechanical ventilation.

Table 2 shows the impact of AF on the outcome risks
in patients with COPD during the follow-up period. The
primary outcome probability was higher in COPD patients
with AF than in those without AF, with an aHR of 1.169
(95% CI: 1.034-1.320), and a higher risk of acute organ
dysfunction and respiratory failure was also observed in the
former group, with aHRs of 1.179 (95% CI: 1.0370-1.339)
and 1.176 (95% CI: 1.006—1.374), respectively. There was
no significant difference between the patient groups in the
occurrence of severe sepsis or death.

In Table 3, we further stratified the acute organ dysfunc-
tion and found that COPD patients with AF had a higher
risk of respiratory failure and hepatic dysfunction than
COPD patients without AF, with aHRs of 1.213 (95% CI:
1.041-1.414) and 1.882 (95% CI: 1.113-3.181), respectively,
after adjusting for age, gender, comorbidities, urban living,
infection status, and life-support measures.
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Table 2 Effects of AF on the risk of outcomes in patients with COPD

Variables With AF* Without AF* Crude HR P-value Adjusted HR P-value

(N=882) (N=2,646) (95% CI) (95% CI)t

Primary outcome 392 (44.4) 973 (36.8) 1356 (1.206—1.525) <0.0001 1.169 (1.034-1.320) 0.0124

Secondary outcomes
Acute organ dysfunction 359 (40.1) 883 (33.4) 1366 (1.208—1.545) <0.0001 1.179 (1.037-1.339) 00116
Severe sepsis 181 (20.5) 500 (18.9) 1.174 (0.990-1.391) 0.0651 1.057 (0.886—1.262) 0.5350
Respiratory failure 240 (27.2) 592 (22.3) 1.323 (1.139-1.538) 0.0003 1.176 (1.006—1.374) 0.0421
Death 194 (22.0) 537 (20.3) 1.171 (0.994-1.380) 0.0597 1.034 (0.871-1.227) 0.7053

Notes: *Values are expressed as n (%). fCovariates include baseline factors (ie, age, gender, comorbidities, urban living, infection sites, and life-support measures).

Abbreviation: AF, atrial fibrillation.

Table 4 shows the aHRs for factors associated with the
risk of primary outcome events and acute organ dysfunction
during the follow-up period. AF, age, male sex, diabetes,
cerebrovascular accident, congestive heart failure, infection
at any one site, genitourinary infection, and treatment with
mechanical ventilation were the factors associated with a
higher risk of primary outcome events in COPD patients.
AF, age, male sex, hypertension, diabetes, hyperlipidemia,
cerebrovascular accident, congestive heart failure, infection
at any one site, and treatment with mechanical ventilation
were the factors associated with a higher risk of acute organ
dysfunction in COPD patients.

Figure 1 shows the Kaplan—Meier curves of the primary
outcome (time to any first event, including acute organ dys-
function, severe sepsis, respiratory failure, and death during
the hospitalization period) in COPD patients with and without
AF (P<0.001).

Discussion
To our knowledge, this is the first nationwide study to dem-
onstrate the impact of AF in COPD patients admitted to a
hospital.

A study using the Spanish National Hospital Discharge
Database!” to compare the incidence of hospitalization for

AF in patients with and without COPD found that COPD
is a common comorbidity in patients hospitalized for AF.
In addition, the incidence of hospitalization for AF was twice
as high in COPD patients than in those without COPD, and
the presence of comorbidities, the length of hospital stays,
and the in-hospital mortality rate were significantly higher in
AF patients with COPD than in those without COPD.

Our study had similar results. Patients with COPD and
AF had a higher prevalence of comorbidities and more fre-
quent infections and were more likely to receive intensive
care, vasopressor treatment, hemodialysis, and mechanical
ventilation. However, the previous study did not mention
the outcomes of acute organ dysfunction, severe sepsis, or
respiratory failure. We found in our study that, compared
with COPD patients without AF, COPD patients with AF
had a higher risk of acute organ dysfunction and respiratory
failure. Cardiovascular diseases are frequently comorbid
with COPD and may have an impact on the prognosis and
mortality. A previous study showed'® that, compared with
patients with congestive heart failure and no COPD, patients
with congestive heart failure and COPD had an increased risk
of hospitalization but not of mortality. COPD also increases
the morbidity and mortality among patients with ischemic
heart disease.!” Cardiac arrhythmia frequently occurs in

Table 3 Acute organ dysfunction in COPD patients with and without AF stratified by diseases

Variables With AF* Without AF* Adjusted HR P-value
(N=882) (N=2,646) (95% CIyt

Acute organ dysfunction 359 (40.1) 883 (33.4) 1.179 (1.037-1.339) 0.0116
Cardiovascular 159 387 1.150 (0.949-1.393) 0.1548
Respiratory 252 603 1.213 (1.041-1.414) 0.0132
Renal 94 221 1.116 (0.867—1.436) 0.3943
Hepatic 24 41 1.882 (1.113-3.181) 0.0183
Neurologic 28 94 0.828 (0.535-1.280) 0.3952
Hematologic 26 56 1.260 (0.772-2.055) 0.3551
Metabolic 15 32 1.225 (0.643-2.335) 0.5379

Notes: *Values are expressed as n (%). TCovariates include baseline factors (ie, age, gender, comorbidities, urban living, infection sites, and life-support measures).

Abbreviation: AF, atrial fibrillation.
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Table 4 Adjusted HRs for factors associated with the risk of primary outcome and acute organ dysfunction in the follow-up period

Variable Primary outcome Acute organ dysfunction
aHR (95% CI)* P-value aHR (95% CI)* P-value

Non-atrial fibrillation | | |
Atrial fibrillation 1.169 (1.034-1.320) 0.012 1.179 (1.037-1.339) 0.012

Age 1.067 (1.06—1.074) <0.001 1.065 (1.059—1.072) <0.001

Female | |

Male 1.333 (1.183-1.502) <0.001 1.287 (1.136-1.457) 0.001

Rural | |

Urban 1.145 (1.021-1.284) 0.021 1.133 (1.005-1.277) 0.042
Comorbidity

Hypertension 1.113 (0.988-1.253) 0.078 1.184 (1.045—1.342) 0.008

Diabetes 1.279 (1.119-1.461) <0.001 1.269 (1.104-1.459) 0.001

Hyperlipidemia 0.863 (0.734-1.013) 0.072 0.811 (0.683-0.963) 0.017

Cerebrovascular accident 1.340 (1.181-1.521) <0.001 1.324 (1.159-1.511) <0.001

Congestive heart failure 1.519 (1.294-1.784) <0.001 1.485 (1.256-1.757) <0.001

Cancer 1.092 (0.924-1.289) 0.301 1.052 (0.881-1.256) 0.577
Infection

At least one site 1.689 (1.373-2.078) <0.001 1.704 (1.375-2.113) <0.001

Respiratory 1.218 (0.978-1.516) 0.078 1.194 (0.952—-1.499) 0.126

Genitourinary 1.273 (1.01-1.603) 0.041 1.246 (0.982—1.581) 0.070
Life-support measures

Intensive care 1.340 (0.998-1.799) 0.052 1.331 (0.976-1.815) 0.071

Vasopressor use 1.160 (0.789-1.705) 0.451 1.227 (0.826—1.821) 0311

Hemodialysis 1.751 (0.899-3411) 0.100 1.707 (0.847-3.441) 0.135

Mechanical ventilation 1.755 (1.237-2.491) 0.002 1.768 (1.228-2.5463) 0.002

Note: *Covariates included baseline covariates (ie, age, gender, comorbidities, urbanization, infection sites, life-support measures).

Abbreviations: aHR, adjusted HR; Cl, confidence interval.

patients with COPD. AF and ventricular arrhythmias are risk
factors of death within 1 year of COPD acute exacerbation
and admission to a hospital.?* The mechanisms of arrhyth-
mia include delayed afterdepolarizations, altered cardiac
repolarization, increased sympathetic tone, or reduced vagal
tone resulting in triggered activity, prolonged QT phase,
and heart rate variability.?' Other authors found that AF was
independently associated with 1-year and 5-year mortality

Survival probability of
primary outcome

p<0.0001 el
0.4 4
0.2
— Non-AF
------ AF case
0.0 T T T T T !
0 1,000 2,000 3,000 4,000 5,000 6,000

Follow-up time (days)

Figure | Primary outcome in COPD patients with and without AF.
Abbreviation: AF, atrial fibrillation.

rates after multivariate analysis in patients hospitalized for
COPD, with HRs of 1.54 (95% CI: 1.01-2.35) and 1.37
(95% CI: 1.05-1.78), respectively.?? Our study followed
patients for 14 years and found that AF increased not only
the incidence of acute organ dysfunction but also that of
respiratory failure.

Although the mechanisms of AF and fatty liver disease
are not clear, there are two studies*>?* that found an associa-
tion between nonalcoholic fatty liver disease and AF, and
the authors speculated that this association is causal and
two-way. A study® used transient elastography to detect
liver stiffness in an elderly Finnish population and found an
association between AF and liver stiffness after adjusting
for body mass index, age, gender, alcohol intake, smoking,
insulin resistance, and systolic blood pressure.

Reactive oxygen species play an important role in
the essential steps in initiating liver fibrosis by inducing
hepatic stellate cell activation and hepatocyte apoptosis.?®
Angiotensin I and atrial stretch can activate NADPH oxidase
as a potential enzymatic source for reactive oxygen species
production in AF patients.?”” Galectin-3 concentrations are
higher in patients with heart failure and AF and are associ-
ated with an increased risk of AF,?® but there is no statisti-
cally significant after-adjustment for the risk factor of AF.

International Journal of COPD 2018:13
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Galectin-3 is associated with cardiometabolic comorbidities,
and its production is not triggered by abnormal heart
rhythm.?* The role of galectin-3 is associated with fibroblast
proliferation, transformation, adhesion, differentiation, and
angiogenesis, as well as cell apoptosis in connection to liver
cirrhosis and myocardial fibrosis.*

COPD is characterized by systemic inflammation as well
as increased amounts of reactive oxygen species, and this
may drive the pathophysiology in hepatic dysfunction. Other
factors include iatrogenic causes or medications attributed
to liver dysfunction which needs to be further investigated.
Our study found that COPD patients with AF have a higher
risk of hepatic dysfunction, but a prospective cohort study
is required to delineate the association and investigate the
molecular pathways between liver disease and AF in COPD
population.

There are some limitations to our study. Our database
lacks laboratory data and images, such as pulmonary func-
tion tests and echocardiograms, making it difficult to further
analyze the study population. There may be doubt about the
coding of the diseases in database. In general, the disease
coding has been validated and found to be convincing
and appears to be a valid resource for further research.’!
Otherwise, additional prerequisites such as medication
use can help define the diseases and can enhance the data
reliability.

Conclusion

COPD patients with AF had more comorbidities than
did COPD patients without AF. After admission to a hospital,
there was no statistically significant risk of sepsis, but
hepatic dysfunction and respiratory failure were higher in
COPD patients with AF than in COPD patients without AF.
The relationship between AF and liver dysfunction requires
further study because, compared with COPD patients without
AF, COPD patients comorbid with AF are more vulnerable
to liver disease, which should not be ignored.
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Table S| Diagnostic codes for acute organ dysfunction

Organ dysfunction Codes Code description
Cardiovascular 458.0 Hypotension, postural
458.8 Hypotension, specified type, not elsewhere classified
458.9 Hypotension, arterial, constitutional
785.5 Shock
785.51 Shock, cardiogenic
785.59 Shock, circulatory or septic
796.3 Hypotension, transient
Respiratory 5188l Acute respiratory failure
518.82 Acute respiratory distress syndrome (ARDS)
518.85 ARDS aftershock or trauma
786.09 Respiratory insufficiency
799.1 Respiratory arrest
96.7 (96.71, 96.72) Ventilator management
96.04 Endotracheal intubation (emergency procedure)
93.90 Continuous positive airway pressure
Renal 584.x Acute renal failure
Hepatic 570 Acute hepatic failure or necrosis
572.2 Hepatic encephalopathy
5733 Hepatitis (septic and not elsewhere classified)
5734 Hepatic infarction
Neurologic 293 Transient organic psychosis
348.1 Anoxic brain injury
3483 Encephalopathy, acute
780.01 Coma
780.09 Altered consciousness, unspecified
89.14 Electroencephalography
Hematologic 286.2 Disseminated intravascular coagulation
286.6 Purpura fulminans
286.9 Coagulopathy
287.3-287.5 Thrombocytopenia, primary, secondary, or unspecified
790.92 Abnormal coagulation profile
Metabolic 276.2 Acidosis, metabolic or lactic
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