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Insomnia and the Risk of Atrial Fibrillation:
A Population-Based Cohort Study

Hsiu-Hao Lee,” Yueh-Chung Chen,>” Jien-Jiun Chen,® Shih-Hsiang Lo,” Yue-Liang Guo® and Hsiao-Yun Hu®’

Background: Although advancements in the treatment of atrial fibrillation have improved patient prognosis for
this persistent condition, interest in atrial fibrillation development is growing. Of note is the fact that additional
attention is being focused on the accompanying effect of insomnia. The aim of the study was to investigate the
effects of insomnia on the risk of atrial fibrillation development.

Methods: This was a nationwide population-based retrospective cohort study using data from the Taiwan National
health Insurance Research Database. We analyzed 64,421 insomnia cases and 128,842 matched controls without
insomnia from January 1, 2000, to December 31, 2010. A Cox regression model was used to estimate the adjusted
hazard ratios (HRs) and 95% confidence intervals (Cl) for atrial fibrillation development.

Results: During the follow-up period, the incidence of atrial fibrillation development was significantly higher in the
insomnia cases than in the comparison cohort (2.6% vs. 2.3%, p < 0.001). Insomnia was associated with an increased
risk of atrial fibrillation (HR = 1.08, 95% CI: 1.01-1.14). Males, those > 65 years of age, and patients with peripheral
artery disease who have insomnia had a higher rate of atrial fibrillation development.

Conclusions: The findings of this nationwide analysis support the hypothesis that insomnia is associated with a

significant risk of atrial fibrillation development.

Key Words:

INTRODUCTION

The incidence of insomnia is increasing worldwide,
especially in developed and developing countries.”” In-
somnia is associated with an increased risk of accidents,
increased health care utilization, and diminished work
and academic performance as well as poor quality of
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life.> Moreover, insomnia has detrimental effects on
health such as increasing the risk for cardiovascular dis-
ease, diabetes mellitus, obesity, cancer, depression, and
total mortality.”*

Atrial fibrillation is the most common sustained car-
diac arrhythmia, and occurs in approximately 2% of the
general population.>® Atrial fibrillation is associated
with decreased quality of life, increased thromboem-
bolic events, and increased rates of death.””® Most im-
portantly, stroke due to atrial fibrillation is often severe
and results in long-term disability or death.” Although
advancements in the diagnosis and treatment of atrial
fibrillation have improved its prognosis, interest in atrial
fibrillation development is growing.

The association of insomnia and arrhythmias is im-
portant and of substantial interest, but has rarely been
studied. The definitive mechanism and effects of insom-
nia on arrhythmias, including atrial fibrillation, are not
well-known. We hypothesized that insomnia could be
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associated with the risk of atrial fibrillation develop-
ment. To test this hypothesis, we conducted a retrospec-
tive cohort study in Taiwan to investigate the effects of
insomnia on the risk of atrial fibrillation development.

MATERIALS AND METHODS

Data source

The National Health Insurance (NHI) program, which
was started in Taiwan on March 1, 1995, is a national
compulsory health insurance program. Under this na-
tionwide health insurance, up to 99% of the nation’s
population receives a wide range of health care services
including outpatient services, inpatient care, traditional
Chinese medicine, dental care, prenatal care/obstetric
services, physical therapy, preventive health care, home
care, and rehabilitation. The NHI maintains a compre-
hensive, validated patient database, which contains in-
formation on patient diagnoses and drug prescriptions.
The quality of its information on prescription use, diag-
noses, and hospitalisations has been shown to be excel-
lent.®® The NHI sample files, which are constructed and
managed by the National Health Research Institute, con-
sist of comprehensive use and enrolment information
for a randomly selected sample of 1,000,000 NHI benefi-
ciaries, representing approximately 5% of all the en-
rolled persons in Taiwan in 2000. A multistage stratified
systematic sampling design was used to create the
sample, and there are no statistically significant differ-
ences in sex or age between the sample group and all
enrollees.

All information allowing a specific patient to be
identified has been encrypted. The confidentiality of the
data abides by the data regulations of the Bureau of Na-
tional Health Insurance. The Institutional Review Board
(IRB) of Taipei City Hospital approved this study (IRB
No.: TCHIRB-1020715-W).

Insomnia cases and control subjects

A retrospective cohort study was conducted from
January 1, 2000 to December 31, 2010 based on ambu-
latory care and inpatient discharge records. In order to
improve the accuracy of insomnia diagnosis,11 patients
with a diagnosis of insomnia 3 times [based on Interna-
tional Classification of Diseases, 9th Revision, Clinical
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Modification (ICD-9-CM) code 780.52] within one year
in the claims database between January 1, 2000 and De-
cember 31, 2010 were retrieved as case subjects from
the NHI database (Figure 1). Patients younger than age
18 were excluded because the number of patients with-
in that age group was relatively low. Patients with a di-
agnosis of hyperthyroidism (ICD-9-CM codes 242.9)
were also excluded. After age, gender, and the same ob-
servational period matching of cases and insomnia-free
controls at a ratio of 1:2, we reached a final total of
64,421 insomnia cases and 128,842 matched controls
without insomnia. Matched controls without insomnia
by using propensity score (as described by Rosenbaum
and Rubin)™ were also calculated.

Outcome measures

Both cohorts were followed-up from the index date
to the onset of atrial fibrillation (ICD-9-CM codes 427.31),
withdrawal from the insurance system, death, or until
December 31, 2010. Atrial fibrillation development is
defined as the diagnosis of atrial fibrillation in an out-
patient department and admission. Comorbidities were
recorded for patients who were identified either in an
inpatient setting or from 3 or more ambulatory care
claims with the diagnosis hypertension (ICD-9-CM codes
401-405), diabetes mellitus (ICD-9-CM code 250), hyper-
lipidemia (ICD-9-CM code 272), and chronic obstructive
pulmonary disease (COPD) (ICD-9-CM code 496).

Statistical analysis
The risk of atrial fibrillation development among in-

[ 1,000,000 Nationwide representative population ]
v
69,462 patients with insomnia
since 2000~2010
307 Age <18 y/o
819 Afib before insomnia
3873 Hyperthyroidism

1:2 age- and gender- and the same
64,421 patients with insomnia observational period matched
128,842 controls without insomnia

[ Cox regression model for Afib development ]

Figure 1. Flow diagram illustrating the selection of patients and con-
trols. Afib, atrial fibrillation.
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somnia patients and insomnia-free controls between
January 1, 2000 and December 31, 2010 was analyzed.
The atrial fibrillation-free survival rates of the 2 cohorts
were estimated using the Kaplan-Meier method, utiliz-
ing the log-rank test. A Cox regression model was used
to estimate the adjusted hazard ratio (HR) and 95% con-
fidence interval (Cl) for atrial fibrillation risk. Potential
risk factors for the development of atrial fibrillation®****
including diabetes mellitus, hypertension, dyslipidemia,
COPD, congestive heart failure, coronary artery disease,
chronic kidney disease, stroke, peripheral artery dis-
ease, sleep apnea, valvular heart diseases, depression
and bipolar disorder were incorporated. Furthermore,
the instances of insomnia diagnosis were also calcu-
lated. Statistical analysis was performed using the SAS
statistical package version 9.2 (SAS Institute, Inc.).

RESULTS
From January 1, 2000 to December 31, 2010, 64,421

Table 1. Baseline characteristics of the study subjects

patients with insomnia were identified as the study co-
hort, and 128,842 matched subjects without insomnia
were identified as the comparison cohort. Between
2000-2010, the median follow-up time in cases and con-
trols was 5.91 years (25th-75th 3.30-8.40 years). Among
cases and matched controls, approximately 60% were
female and 51% were 41 to 65 years of age. The charac-
teristics and comorbidities of patients included in this
study are shown in Table 1. There was a higher rate of
diabetes mellitus, hypertension, dyslipidemia, COPD,
congestive heart failure, coronary artery disease, ch-
ronic kidney disease, stroke, peripheral artery disease,
sleep apnea, valvular heart diseases, depression and bi-
polar disorder in the case group compared with the con-
trols (all, p < 0.001). During the follow-up period of 5.91
years, the incidence of atrial fibrillation development
was significantly higher in the cases than in the compari-
son cohort (2.6% vs. 2.3%, p < 0.001). The characteris-
tics and comorbidities of patients included in this study
by using propensity score are shown in Table 2.

The Kaplan-Meier survival analysis is shown in Fig-

Insomnia Non-insomnia
p-value
n = 64421 % n = 128842 %

Gender 1.00
Female 38,860 60.3 77,719 60.3
Male 25,561 39.7 51,123 39.7

Age at baseline, y 1.00
18-40 14,402 22.4 28,804 22.4
41-65 32,621 50.6 65,242 50.6
>65 17,398 27.0 34,796 27.0

Co-morbidity
DM 14,041 21.8 26,113 20.3 <0.001
Hypertension 29,390 45.6 49,272 38.2 <0.001
Dyslipidemia 20,546 31.9 34,812 27.0 <0.001
COPD 4,679 7.3 6,848 5.3 <0.001
Congestive heart failure 5,287 8.2 8,675 6.7 <0.001
Coronary artery disease 14,954 23.2 22,396 17.4 <0.001
Chronic kidney disease 2,856 4.4 5,106 4.0 <0.001
Stroke 4,073 6.3 6,984 5.4 <0.001
Peripheral artery disease 640 1.0 100 0.1 <0.001
Sleep apnea 216 0.3 282 0.2 <0.001
Valvular heart diseases 819 1.3 1,160 0.9 <0.001
Depression 6,291 9.8 3,459 2.7 <0.001
Bipolar disorder 8,274 12.8 4,972 3.9 <0.001

Afib Median follow-up years = 5.91 (3.30-8.40) <0.001
No 62,747 97.4 125,917 97.7
Yes 1,674 2.6 2,925 2.3

Afib, atrial fibrillation; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus.
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Table 2. Baseline characteristics of the study subjects (propensity score matching)

Insomnia Non-insomnia
Variables p-value
n=59674 % n=119348 %

Gender 0.65
Female 35,385 59.3 70,902 59.4
Male 24,289 40.7 48,446 40.6

Age at baseline, y 0.31
18-40 14,322 24.0 28,557 23.9
41-65 30,098 50.4 59,887 50.2
> 65 15,254 25.6 30,904 25.9

Co-morbidity
DM 12,402 20.8 25,317 21.2 0.04
Hypertension 25,722 43.1 52,361 43.9 0.002
Dyslipidemia 17,839 29.9 36,187 30.3 0.06
COPD 3,895 6.5 8,029 6.7 0.11
Congestive heart failure 4,526 7.6 9,236 7.7 0.25
Coronary artery disease 12,692 21.3 25,728 21.6 0.16
Chronic kidney disease 2,516 4.2 5,158 4.3 0.30
Stroke 3,507 5.9 7,291 6.1 0.05
Peripheral artery disease 548 0.9 1,058 0.9 0.50
Sleep apnea 173 0.3 375 0.3 0.38
Valvular heart diseases 660 1.1 1,377 1.2 0.37
Depression 3,460 5.8 6,373 5.3 <0.001
Bipolar disorder 4,931 8.3 9,506 8.0 0.03

Afib <0.001
No 57,735 96.8 116,353 97.5
Yes 1,939 3.2 2,995 2.5

Afib, atrial fibrillation; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus.

ure 2, and indicates that the atrial fibrillation rate was
significantly higher in insomnia patient than in the com-
parison cohort (log-rank test; p < 0.001). The results of
the Cox regression model for predictors of atrial fibrilla-
tion development are shown in Table 3. Male gender,
advanced age, hypertension, COPD, congestive heart
failure, and coronary artery disease were associated
with a higher rate of atrial fibrillation development. In-
somnia was also associated with an increased risk of
atrial fibrillation (HR = 1.08, 95% CI: 1.01-1.14 and by
using propensity score HR = 1.33, 95% Cl: 1.25-1.41). Af-
ter insomnia frequency analysis, patients diagnosed
with insomnia who had fewer than 10 episodes of the
condition did have a higher risk of atrial fibrillation de-
velopment than those patients with > 10 episodes of in-
somnia. Patient with dyslipidemia had a lower rate of
atrial fibrillation development.

The multivariate stratified analysis for atrial fibrilla-
tion development is shown in Figure 3. Male patients
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Figure 2. Kaplan-Meier analysis comparing probabilities of atrial fi-

brillation between patients with insomnia and controls.

with insomnia had a higher risk of atrial fibrillation de-
velopment than female patients with insomnia (HR =
1.12, 95% Cl 1.03-1.23). Among those patients older
than 65 years of age, patients with insomnia seemed to
have a higher risk of atrial fibrillation development (HR
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Table 3. Cox regression model for predictor of atrial fibrillation development

Model 1 Model 2 Model 3
Variables
HR 95% Cl p-value HR 95% ClI p-value HR 95% ClI p-value
Gender
Female 1.00 1.00 1.00
Male 1.25 1.18-1.33 <0.001 1.20 1.14-1.27 <0.001 1.25 1.18-1.33 <0.001
Age,y
18-40 1.00 1.00 1.00
41-65 6.45 5.05-8.24  <0.001 7.62 5.99-9.69 <0.001 6.47 5.07-8.27 <0.001
> 65 26.95 21.11-34.42 <0.001 33.10 26.01-42.11 <0.001 27.09 21.21-34.59 <0.001
Comorbidity
DM 0.95 0.89-1.02 0.15 0.96 0.90-1.02 0.22 0.95 0.89-1.02 0.15
Hypertension 1.25 1.16-1.34 <0.001 1.23 1.15-1.32 <0.001 1.25 1.17-1.35 <0.001
Dyslipidemia 0.66 0.62-0.70 < 0.001 0.62 0.59-0.66 <0.001 0.66 0.62-0.70 <0.001
COPD 1.15 1.07-1.25 <0.001 1.16 1.08-1.24 <0.001 1.15 1.07-1.25 <0.001
Congestive heart failure 2.20 2.05-2.36 <0.001 2.14 2.00-2.28 <0.001 2.20 2.05-2.36 <0.001
Coronary artery disease 1.72 1.61-1.84 <0.001 1.66 1.57-1.77 <0.001 1.73 1.62-1.85 <0.001
Chronic kidney disease 1.02 0.92-1.13 0.77 0.93 0.84-1.03 0.16 1.02 0.92-1.13 0.77
Stroke 0.94 0.86-1.02 0.15 0.82 0.75-0.89 <0.001 0.94 0.86-1.02 0.14
Peripheral artery disease 0.93 0.76-1.13 0.45 0.92 0.76-1.11 0.38 0.93 0.76-1.13 0.46
Sleep apnea 0.81 0.42-1.56 0.53 0.47 0.21-1.04 0.06 0.81 0.42-1.56 0.53
Valvular heart diseases 0.99 0.83-1.19 0.93 1.08 0.92-1.27 0.35 0.99 0.83-1.19 0.95
Depression 0.89 0.69-1.08 0.12 0.87 0.65-1.12 0.14 0.89 0.69-1.08 0.12
Bipolar disorder 0.95 0.78-1.11 0.22 0.93 0.74-1.15 0.25 0.95 0.78-1.11 0.23
Insomnia
No 1.00 1.00
Yes 1.08 1.01-1.14 0.02 1.33 1.25-1.41 <0.001
Insomnia
No 1.00
< 5 visits 1.16  1.05-1.28 0.004
5-9 visits 1.14 1.03-1.26 0.009
> 10 visits 1.00 0.92-1.08 0.93

Model 1, Non-insomnia cohort matched on sex, age, index date; Model 2, Non-insomnia cohort matched on sex, age, co-morbidity
by using propensity score; Model 3, Insomnia frequency analysis between insomnia and Afib. Abbreviations are in Table 1.

= 1.08, 95% Cl 1.00-1.16). Among patients with periph-
eral artery disease, patients with insomnia had a higher
risk of atrial fibrillation development (HR = 1.56, 95% ClI
1.04-2.36).

DISCUSSION

This study is the first study to examine the effects of
insomnia on the risk of developing atrial fibrillation. It is
the first large-scale nationwide analysis to demonstrate
that insomnia is associated with a higher rate of atrial
fibrillation in a long follow-up period (adjusted HR =

169

1.08). As in many other industrialized countries, atrial fi-
brillation is the most commonly diagnosed sustained
cardiac arrhythmia in the Taiwan population.® In this
study, atrial fibrillation cases were identified through a
search of the Database of the NHI Bureau, which covers
most of the Taiwanese population. The quality of its in-
formation on prescription use, diagnoses, and hospital-
izations has been shown to be excellent."® To ensure the
accuracy of the claim files, the Bureau of NHI (BNHI)
performs quarterly expert reviews on a random sample
of every 50-100 ambulatory and inpatient claims. False
reports of diagnostic information result in a severe pen-
alty from the BNHI."® The homogeneous patient popula-
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Interaction

Subgroup Number HR 95% Cl
p-value
Gender <0.001
Female 116,579 1.03 0.95-1.13
Male 76,684 112 1.03-1.23 N L
Age,y 0.002 —
18-40 43,206 1.52 0.93-2.49 -
41-65 97,863 1.05 0.93-1.19 =
=65 52,194 1.08  1.00-1.16 N
oM 0.140 i
No 153,109 1.08 1.00-1.16
Yes 40,154 106 0.95-1.19 e
Hypertension 0.325 T+
No 114,601 1.09 0.97-1.23
Yes 78,662 106 0.99-1.14 T
Dyslipidemia 0.074 ™
No 137,905 1.07 1.00-1.15
Yes 55,358 1.08 0.97-1.20
CoPD 0312 ™
No 181,736 1.06 0.99-1.14
Yes 11,527 112 0.98-1.28 ]
Congestive heart failure 0.951 7
No 179,301 1.07 0.99-1.15
Yes 13962 108  0.97-1.20 s
Coronary artery disease 0.438
No 155,913 1.09 0.99-1.19
Yes 37,350 1.05 0.97-1.14 _
Chronic kidney disease 0.435
No 185,301 1.07 1.00-1.14
Yes 7,962 1.16 0.95-1.41 _
Stroke 0.471
No 182,206 1.08 1.01-1.15
.Yes ) 11,057 1.07 0.91-1.25 — 3
Peripheral artery disease 0.010
No 192,523 1.07 1.00-1.13 -
Yes 740 1.56 1.04-2.36 2
Sleep apnea 0.615 =
No 192,765 1.08 1.01-1.14 .
Yes 498 0.80 0.14-4.53 -
Valvular heart diseases 0.131 -
No 191,284 1.08 1.02-1.15 =
Yes 1,979 0.86 0.59-1.27 &
Depression 0.130 =
No 183,513 1.08 1.02-1.15 ®
Yes 9,750 1.00 0.76-1.32 4
Bipolar disorde 0.221
No 180,017 1.08 1.02-1.15 -
Yes 13,246 0.98 0.75-1.28 =
r T T T T T T 1
0 0.5 0.75 1 1.25 1.5 2.5 5

Hazard Ratio (95% Cl)

Figure 3. Adjusted hazard ratios (HRs) for atrial fibrillation development. In each stratum, the HRs were compared between patients with insomnia

and controls. COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus.

tion (98% of Taiwanese residents are of Han Chinese
ethnicity) also may help to avoid the possible confound-
ing effects of race."”

There is increasing evidence of an important associ-
ation between sleep apnea and atrial fibrillation.™® The
possible speculative mechanisms of sleep apnea on
atrial fibrillation development include hypoxia, impaired
autonomic nervous control, and inflammation.*® Insom-
nia is also associated with transient hypoxia, impaired
autonomic nervous function, and inflammation.**%!
Moreover, is has been shown that insomnia can cause
hypertension and activation of the renin-aldosterone-
angiotensin system, which could lead to atrial remodel-
ing and fibrosis with the loss of atrial muscle mass.?
Our study showed an association between atrial fibrilla-
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tion and insomnia. Although the mechanism by which
insomnia leads to atrial fibrillation is rarely discussed,
we believe that the mechanism described above may be
responsible for insomnia leading to atrial fibrillation
development.

In the insomnia group, women (60.3%) and patients
41-65 years of aged were predominant (50.6%). The
prevalence of comorbidities such as hypertension, COPD,
congestive heart failure, and coronary artery disease
was significantly higher in patients with insomnia com-
pared to control cases without insomnia (p < 0.001). On
the contrary, insomnia cases with dyslipidemia had a
lower rate of atrial fibrillation development (p < 0.001).
This may be due to the use of statin, which has been
shown to have a protective effect on atrial fibrillation
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development.” This finding was consistent with results
from previous epidemiology reports.“'25
the risk of atrial fibrillation development based on gen-
der, age, and comorbidities (Table 2, Figure 3). Among
each subgroup, an association between insomnia and
increased risk for atrial fibrillation development was ob-
served. Patients with insomnia > 65 years of age had a
greater risk of atrial fibrillation development than the
comparison cohort. Men had a greater risk of atrial fi-
brillation development than women (adjusted HR = 1.12
vs. 1.03, respectively). This inconsistency might be due
to other important factors such as lifestyle, alcohol use,
smoking, and body weight, which were not available in
our dataset. In Taiwan the prevalence of smoking and al-
cohol use are higher in men than woman, which might
have influenced the study results.’®*’ That male patients
and those > 65 years of age with insomnia diagnosis
seemed to have higher risk of atrial fibrillation particu-
larly was found in our analysis. However, the patient
numbers were relative few in our subgroup analysis.
Consequently, further studies are necessary to support
the finding.

In terms of dose-dependent response, an incremen-
tal effect was not found as the times of insomnia diag-
nosis increased. In this study, patients with times of in-
somnia diagnosis less than 10 did have a higher risk of
atrial fibrillation development, but those with times of
insomnia diagnosis more than 10 did not. Otherwise,
there was no dose-response phenomenon. As the times
of insomnia diagnosis increased, more and more medi-
cal examination were done as well as treatment. That
more education for life modification and risk factors

We assessed

modification as the times of insomnia diagnosis in-
creased might cause the result of insomnia frequency
analysis. Additional study is appropriate to interpret the
finding.

This study had some potential limitations. First, al-
though we did adequate adjustment for confounding
factors, a number of possible confounding variables as-
sociated with atrial fibrillation development including
blood pressure, smoking, family history, and alcohol
consumption were not included in our database. This
major limitation is inherent in many similar studies, and
could have compromised our findings. The diagnosis of
COPD was adjusted because the link between COPD and
smoking is weII-estainshed,28 as well as the link be-

tween dyslipidemia and obesity.” Second, it was impos-
sible for us to contact the patients directly about their
diagnosis of insomnia because identifying information
was removed from the database. Therefore, the lack of
objective measures of sleep duration and subjectively
reported sleep quality is another limitation. Neverthe-
less, the study data regarding insomnia and atrial fibril-
lation diagnoses remained highly reliable due to the va-
lidity of the database, large sample size, and long fol-
low-up period. Third, although the aim of this study was
to exam whether insomnia was associated with atrial fi-
brillation, the fact that we did not test the effect be-
tween drugs of comorbidities and atrial fibrillation is
one of the limitations in our study. Adding drug use to
comorbidities in the Cox regression models might help
to distinguish the effects between drugs and diseases.
However, many similar studies such as the association
between sleep apnea on atrial fibrillation®>*" did not do
such test and the possible bias might not be statistically
obvious.

CONCLUSIONS

In conclusion, we determined that patients with in-
somnia have a higher risk for atrial fibrillation develop-
ment. This is the first population-based retrospective
cohort study about the effects of insomnia on atrial fi-
brillation. Although the main finding of the study is hy-
pothesis-generating, it is potentially important in the
prevention of atrial fibrillation. We hope that more em-
phasis will be placed on patients with insomnia, and this
study will make a strong case for more studies to con-
firm the mechanism and the effects of insomnia on
atrial fibrillation development.
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