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Objectives: The objective of this study was to determine the effect of atrial fibrillation (AF) on the risk of dementia in the Korean el-
derly.

Methods: A 10-year retrospective cohort study was conducted using the National Health Insurance Service-Senior Cohort database.
We excluded those who were under 65 years of age as of January 2006 (n=46113), those who were diagnosed with dementia be-
tween 2002 and 2005 (n=9086), and those with a history of stroke prior to AF diagnosis (n=8392). We used a Cox proportional haz-
ards model with a time-varying covariate to determine whether AF is associated with the risk of dementia after adjusting for potential
confounders.

Results: In univariable Cox regression, the hazard ratio (HR) of dementia according to AF status was 1.28 (95% confidence interval [Cl],
1.23 to 1.33). After adjusting for potential confounders, AF was found to increase the risk of dementia (HR, 1.12; 95% Cl, 1.07 to 1.17),
Alzheimer dementia (HR, 1.12; 95% Cl, 1.07 to 1.17), and vascular dementia (HR, 1.10; 95% Cl, 1.03 to 1.18). In patients diagnosed with
AF, the incidence of dementia was lower (HR, 0.50; 95% Cl, 0.47 to 0.52) in patients who were treated with oral anticoagulants.
Conclusions: Investigating the potential risk factors of dementia in an aged society is important. We found a slightly higher risk of de-
mentia in those with AF than in those without AF, and we therefore concluded that AF is a potential risk factor for dementia.
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INTRODUCTION The prevalence of dementia, a disorder predominantly affect-
ing elderly individuals, is also on the rise as the population ages.

Korea became an aged society in 2017, with elderly citizens More than 10% of those aged 65 and over had dementia in
(aged 65 and up) accounting for over 14% of the population. 2017, and the number of patients with dementia is expected
to surpass 1 million nationwide by 2024 [1]. The level of socio-
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tors, such as age and sex; genetic factors; physical and mental
health factors, such as hypertension, diabetes, and depression;
and lifestyle habits, such as smoking and drinking [2-4]. Many
studies of community-based cohorts in Europe and the United
States have found that atrial fibrillation (AF) is an independent
risk factor for dementia [5-11], while some studies have re-
ported that AF increases not only the risk of vascular demen-
tia, but also that of Alzheimer dementia.

AF is the most common type of chronic arrhythmia and shares
risk factors with dementia, including age, hypertension, dia-
betes, and smoking. Additionally, AF is a risk factor for ischemic
stroke, which is known to cause vascular dementia [12]. Stud-
ies are being conducted to understand the mechanisms by
which AF independently causes dementia [13], with hypothe-
ses including asymptomatic cerebral infarction [14], chronic
cerebral hypoperfusion [15], inflammation [16,17], decreased
brain volume [18], and microbleeds due to anticoagulant use.
Meanwhile, other studies have claimed that treatment with
catheter ablation [19] as well as the use of oral coagulants in
AF patients can actually reduce the risk of dementia [20]. Fur-
ther studies are needed to assess the association between the
use of coagulants and the occurrence of dementia.

Outside of Korea, many studies have already probed the as-
sociation between AF and dementia. However, this has not

been the case in Asian countries, including Korea, despite the
fact that the epidemiological characteristics of AF and demen-
tia varies by country and ethnic group [21-25]. AF and demen-
tia are chronic diseases that are affected by lifestyle habits [26-
28] and genetic factors [29-31], so they are affected by racial
and cultural factors. Therefore, it is crucial to study this topic in
the Korean population, rather than simply applying the results
of studies conducted abroad.

For this study, we used the National Health Insurance Service-
Senior Cohort (NHIS-SC) database, which accurately represents
the nation’s population and has a large sample size, to assess
whether AF acts as an independent risk factor for dementia,
Alzheimer dementia, and vascular dementia. And we also ex-
amined the impact of anticoagulant use on the dementia risk
of AF patients.

METHODS

Data Source and Study Population

This study analyzed data from the NHIS-SC. The NHIS-SC da-
tabase consists of 14 years (2002-2015) of cumulative records
of 550 000 randomly-selected members of the senior popula-
tion aged 60 years and older more regarding their use of med-
ical services. This sample data accounts for approximately 10%

NHIS-Senior Cohort; NHIS claims DB since 2002
(n=558147)

- Disqualified from National Health Insurance or died between
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2002 and 2005 (n=53 730)
- Under 65 years of age as of Jan 2006 (n=46 113)

Subjects over the age of 65 as of Jan 2006
(n=458 304)

_ | - Diagnosed with dementia between 2002 and 2005 (n=9086)
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"| - History of stroke or complication before AF diagnosis (n=8392)
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Subjects with AF as of Jan 2006 Subjects diagnosed with AF . .
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Figure 1. Flowchart of study participant selection. NHIS, National Health Insurance Service; DB, database; AF, atrial fibrillation.
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of the 5 581 470-member senior population of Korea. The per-
sonal information of the individuals was not identifiable.

The study determined the washout period of dementia to
be 4 years; therefore, of the 14 years of follow-up data, we an-
alyzed dementia risk over the 10-year period from 2006 to 2015.
From the total cohort of 558 147 seniors, those who were not
eligible for National Health Insurance or Medical Aid as of Jan-
uary 2006 (n=53 730) for reasons such as death and those un-
der 65 years of age (=46 113) were excluded. A final sample
of 440 826 subjects were included in the analysis after exclud-
ing subjects who had been diagnosed with dementia between
2002 and 2005 (n=9086) and subjects with a history of stroke
prior to diagnosis of AF (n=8392) (Figure 1).

Operational Definitions of Diseases

Cases of dementia, AF, and other comorbidities were defined
as cases with the disease in question listed as the main diag-
nosis or sub-diagnosis based on the Korean Standard Classifi-
cation of Diseases. The code for AF (the main independent vari-
able) was 148, the codes for dementia were FO0-F03, and the
codes for Alzheimer and vascular dementia were FOO and FO1,
respectively. The codes for hypertension were 110-115, the codes
for diabetes were E10-E14, those for stroke were 160-163, those
for post-stroke symptoms were 1690-1694, the code for heart
failure was 150, the code for ischemic heart disease was 124, and
the codes for valvular heart diseases were 105-108 and 134-137.
Stroke was limited to cases for which the insurance claim was
classified as inpatient and magnetic resonance imaging or com-
puted tomography examination was performed.

Anticoagulant use was defined as the prescription of drugs
that contained the main ingredient codes for wafarin and di-
rect oral anticoagulants. The main ingredient codes were
249101ATB, 249102ATB, 249103ATB, 249104ATB, 249105ATB,
249106ATB, 249107ATB, 249108ATB, 249109ATB, 511401ATB,
511402ATB, 511403ATB, 511404ATB, 613701ACH, 613702ACH,
613703ACH, 617001ATB, 617002ATB, 643601ATB, 643602ATB,
and 643603ATB.

Statistical Analysis
The general characteristics of the subjects were identified

using the t-test and the chi-square test. A Cox proportional
hazards model was used with the independent variable of AF
status as a time-varying covariate over the 10-year follow-up
study period to explore the association between AF and de-
mentia. The adjusted confounders were age, sex, hyperten-
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sion, diabetes, heart failure, ischemic heart disease, and valvu-
lar heart disease. The same method was used to assess wheth-
er AF acted as an independent risk factor for Alzheimer and
vascular dementia, as well as whether anticoagulant use af-
fected the development of dementia among AF patients.

All statistical analyses were performed with SAS version 9.4
(SAS Institute Inc., Cary, NC, USA).

Ethics Statement
This study was approved by the Institutional Review Board
of Yeungnam University Hospital (YUMC-2018-08-009).

RESULTS

Of the total of 440 826 subjects, 4631 (1.1%) patients had al-
ready been diagnosed with AF as of January 2006, a total of
29 831 (6.8%) patients were newly diagnosed with AF between
2006 and 2015, and 406 364 (92.2%) subjects were not diag-
nosed with AF (Table 1).

Table 1. Baseline demographic and clinical characteristics of
subjects

Atrial fibrillation

. Total
Variables (n)  Prevalent Incident No
cases cases(10y) diagnosis

Age (mean+SD,y) 728+65 741+6.7 734+6.3 72.7£65
Sex

Male 176330 2089(1.2) 13187(7.5) 161 055(91.3)

Female 264496 2542(1.0) 16644(6.3) 245309(92.7)
Hypertension

Yes 184706 3621(2.0) 14677(7.9) 166 408(90.1)

No 256120 1010(0.4) 15154(5.9) 239956 (93.7)
Diabetes mellitus

Yes 92133 1903 (2.1) 6835(7.4)  83395(90.5)

No 348693 2728(0.8) 22996(6.6) 322970(92.6)
Heart failure

Yes 13666 1385(10.1)  1726(12.6) 10555(77.2)

No 427160 3246(0.8) 28105(6.6) 395809 (92.6)
[schemic heart disease

Yes 1763 111(6.3) 170(9.6) 1482 (84.1)

No 439063 4520(1.0) 29661(6.8) 404882(92.2)
Valvular heart disease

Yes 3086  468(15.2) 460 (14.9) 2158 (69.9)

No 437740 4163(1.0) 29371(6.7) 404206 (92.3)
Total 440826 4631(1.1) 29831(6.8) 406364 (92.2)

Values are presented as number (%).
SD, standard deviation.
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Table 2. Univariable and multivariable Cox regression for the incidence of dementia, Alzheimer dementia, and vascular dementia

Dementia Alzheimer dementia Vascular dementia
Variables Univariable Cox Multivariable Cox Multivariable Cox Multivariable Cox
(unadjusted) p-value (adjusted)' p-value (adjusted)’ p-value (adjusted)’ p-value

Age 1.08(1.08,1.09)  <0.001 1.08(1.08,1.08)  <0.001 1.09(1.09, 1.09) <0.001 1.08(1.08, 1.08) <(0.001
Sex

Male 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Female 1.47(1.45,1.49)  <0.001 1.26(1.25,1.28)  <0.001 1.31(1.29,1.32) <0.001 1.08(1.06, 1.11) <(0.001
Hypertension

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 1.33(1.31,1.34)  <0.001 1.14(1.13,1.16)  <0.001 1.10(1.08, 1.12) <0.001 1.36(1.33, 1.40) <0.001
Diabetes mellitus

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 1.23(1.21,1.24)  <0.001 1.23(1.21,1.25)  <0.001 1.23(1.21, 1.25) <0.001 1.28(1.25, 1.31) <(0.001
Heart failure

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 1.39(1.36,1.41)  <0.001 1.08(1.06,1.10)  <0.001 1.09(1.07, 1.11) <0.001 1.09(1.05, 1.12) <0.001
Ischemic heart disease

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 1.20(1.18,1.22)  <0.001 1.05(1.04,1.07)  <0.001 1.05(1.03, 1.07) <0.001 1.07 (1.04, 1.10) <(0.001
Valvular heart disease

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 1.31(1.20,1.43)  <0.001 1.02(0.93, 1.12) 0.697 1.02(0.92, 1.13) 0.697 1.10(0.94, 1.28) 0.215
Atrial fibrillation (time-varying covariate)

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 1.28(1.23,1.33)  <0.001 1.12(1.07,1.17)  <0.001 1.12(1.07,1.17) <0.001 1.10(1.03, 1.18) 0.004

Values are presented as hazard ratio (95% confidence interval).
'Adjusted for age, sex, hypertension, diabetes mellitus, heart failure, ischemic heart disease, and valvular heart disease.

10 - —— AF
= \ Non-AF
= 08 R
s
S 06 |
8
T 04
S 02+
2

0 E 1 ! ! ! ! !

0 100 200 300 400 500
Time (wk) (A)

10
z
E 08 \
S 06
% 04 b
S 02+
2

0 E 1 1 1 1 1 1

0 00 200 300 400 500
Time (wk) (C)

1.0
0.8
06
0.4
0.2

0

Disease-free probability

0.8
0.6
0.4
0.2

Disease-free probability

0 100 200 300 400 500
Time (wk) (B)

i \

0 100 200 300 400 500
Time (wk) (D]

Figure 2. Kaplan-Meier curves for the incidence of dementia. Survival curve for overall incidence of (A) dementia, (B) dementia
according to atrial fibrillation (AF), (C) Alzheimer’s dementia according to AF, and (D) vascular dementia according to AF.
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Diseases HR (95% CI)' p-value
Dementia 0.50(0.47,0.52) <0.001
Alzheimer dementia 0.48(0.45, 0.51) <0.001
Vascular dementia 0.55(0.50, 0.60) <0.001

HR, hazard ratio; Cl, confidence interval.
'Adjusted for age, sex, hypertension, diabetes mellitus, heart failure, isch-
emic heart disease, and valvular heart disease.

The Cox regression hazard model with AF status as a time-
varying covariate showed that age, sex, hypertension, diabetes,
heart failure, ischemic heart disease, and valvular heart disease
were each meaningfully associated with the risk of dementia
when not adjusted for the effects across the variables. The haz-
ard ratio (HR) of dementia according to AF status was 1.28 (95%
confidence interval [Cl], 1.23 to 1.33). The multivariable analysis,
which adjusted for age, sex, hypertension, diabetes, heart fail-
ure, ischemic heart disease, and valvular heart disease, showed
that having AF slightly increased the risk of dementia (HR, 1.12;
95% Cl, 1.07 to 1.17) (Table 2, Figure 2A and 2B). When we ad-
justed for the same variables to assess the associations between
AF and Alzheimer dementia and between AF and vascular de-
mentia, AF was found to be significantly associated with both
Alzheimer dementia (HR, 1.12;95% Cl, 1.07 to 1.17) and vascu-
lar dementia (HR, 1.10; 95% Cl, 1.03 to 1.18) (Table 2, Figure 2C
and 2D).

Among AF patients, those who used oral anticoagulants had
a statistically significantly lower risk of developing dementia
(HR, 0.50; 95% Cl, 0.47 to 0.52). Anticoagulant use was also
confirmed to reduce the risk of Alzheimer dementia (HR, 0.48;
95% Cl, 0.45 to 0.51) and vascular dementia (HR, 0.55; 95% Cl,
0.50 to 0.60) (Table 3).

DISCUSSION

This study is novel for its attempt to epidemiologically un-
derstand the potential risk factors for dementia by analyzing
the association between AF and dementia. The use of National
Health Insurance Service (NHIS) sample cohort data improved
the sample size and representation of the subjects, while also
ensuring a sufficient follow-up period. Since the NHIS sample
cohort data are secondary data collected for the purpose of
administrative management, it was important to clarify the
standards used to define diseases and morbidity, as well as
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the selection method of subjects. In this study, the washout
period was set at 4 years, given that the 99th percentile of the
average time to diagnosis in patients diagnosed with demen-
tia was 38 months, to rule out subjects who had already been
diagnosed with dementia. Subjects who had already been di-
agnosed with stroke before the diagnosis of AF were also ex-
cluded to eliminate cases of dementia caused by stroke pre-
ceding AF.

This study verified that the association between AF and de-
mentia was statistically significant when controlling for sex,
age, hypertension, diabetes, heart failure, and valvular heart
disease. The association between AF and dementia has 2 ex-
planations. First, AF and dementia share common risk factors,
such as sex, age, lifestyle habits, hypertension, diabetes, and
heart disease [3,4,32-34], and second, AF increases the risk of
dementia through a number of potential mechanisms. The re-
sults of this study serve as the foundation for the second ex-
planation, that AF itself may contribute to an increased risk of
dementia. The results also showed that the development of
dementia, Alzheimer dementia, and vascular dementia was
meaningfully associated with AF status even when controlling
for sex, age, and comorbidities. This aligns with preceding me-
ta-analyses [35-37] as well as registry-based studies [6,8,37].
These results can be complemented by research on potential
mechanisms by which AF may increase the risk of dementia.
Suggested mechanisms include cerebral hypoperfusion due
to low cardiac output [15], asymptomatic stroke due to a small
thrombus [14], and activation of inflammation [17].

Many preceding studies [38,39] have found that the use of
anticoagulants lowers the risk of deterioration of cognitive
functions. The suspected mechanism behind this is that the
use of anticoagulants can prevent blood clots that can lead to
symptomatic and asymptomatic stroke [39]. This study also
confirmed that the use of anticoagulants lowered the risk of
developing dementia, Alzheimer’s dementia, and vascular de-
mentia. From this, it is safe to assume that the consistent use
of anticoagulants in AF patients may help lower the risk of de-
veloping dementia and the associated deterioration of cogni-
tive functions.

The subjects of this study were senior Korean citizens aged
65 and older. Given that AF and dementia are becoming in-
creasingly prevalent among the middle-aged [21,40] and that
a previous study has shown a higher risk of developing demen-
tia among younger AF patients [5], future studies should be
carried out on a broader population base that includes younger
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population to verify whether AF raises the risk of dementia
among these subjects as well.

Meanwhile, unlike previous studies [5,8,12,37] such as the
Framingham Heart Study, which used health examination
data collected for the purpose of the study, the NHIS elderly
sample cohort database was originally collected for the pur-
posed of reviewing medical claims under disease diagnosis
codes. This implies limitations in accurately assessing morbidi-
ty and prevalence based on symptoms, signs, and diagnostic
exam results. Surveys and diagnosis-based research should be
carried out in the future to ensure a more detailed define for
target diseases.

Despite the above limitations, this study attempted to move
towards obtaining an epidemiological explanation of dementia
among AF patients by utilizing access to the big sample data
regarding the use of medical services available from the NHIS
senior citizen cohort database. The results of this study con-
firmed that AF can potentially increase the risk of dementia,
Alzheimer dementia, and vascular dementia, and that the in-
take of oral anticoagulants lowers the risk of developing de-
mentia among AF patients in Korea.
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