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Increased risk of ischemic stroke and systemic ™
embolism in hyperthyroidism-related atrial o
fibrillation: A nationwide cohort study
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BGCkgI"OUI‘Id We aimed to evaluate the long-term risk of ischemic stroke/systemic embolism of hyperthyroidism-related
AF.

Methods This retrospective population-based cohort study included records of 1,034,099 atrial fibrillation patients be-
tween 2005 and 2016 from the Korean National Health Insurance Service database. After exclusion, we identified 615,724
oral anticoagulation-naive patients aged >18 years with new-onset non-valvular atrial fibrillation, of whom 20,773 had
hyperthyroidism-related atrial fibrillation. After 3:1 propensity score matching, ischemic stroke and systemic embolism occur-
rences were compared between hyperthyroidism-related and non-hyperthyroidism-related (“nonthyroidal”) atrial fibrillation
patients.

Results After exclusion, we identified 615,724 ordl anticoagulation-naive AF patients of whom 20,773 had
hyperthyroidism-related AF. Median follow-up duration was 5.9 years. Hyperthyroidism-related AF patients had significantly
higher risks of ischemic stroke and systemic embolism than nonthyroidal AF patients (1.83 vs 1.62 per 100-person year,
hazard ratio[HR], 1.13; 95% confidence interval[Cl], 1.07 to 1.19; P < 0.001). This risk was 36% higher in hyperthyroidism-
related than in nonthyroidal AF patients within 1 year of atrial fibrillation diagnosis (3.65 vs 2.67 per 100-person year, HR,
1.36; 95% Cl, 1.24 - 1.50; P < 0.001). This difference was also observed in the CHA,DS,-VASc score subgroup analysis.
The risk of ischemic stroke and systemic embolism significantly decreased in patients treated for hyperthyroidism (HR, 0.64;
95% Cl, 0.58 10 0.70; P < 0.001).

Conclusions Hyperthyroidism-related AF patients have high risks of ischemic stroke and systemic embolism like nonthy-
roidal AF, especially when initially diagnosed. This risk is reduced by treating hyperthyroidism. (Am Heart ) 2021;242:123-
131)

Atrial fibrillation (AF) is the most common type of car-
diac arrhythmia in patients with hyperthyroidism and is
observed in 5% - 15% of hyperthyroidism cases.''? Sub-
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clinical hyperthyroidism and overt thyrotoxicosis are im-
portant predisposing factors for AE? It is well known that
AF is associated with an increased risk of ischemic stroke
and systemic embolism (SSE) and that anticoagulation
treatment reduces the risk of SSE.*° However, the risk
of SSE in hyperthyroidism-related AF remains unclear.”

Previous observational studies with small popula-
tions have shown a high incidence of ischemic stroke
in hyperthyroidism-related AF patients and claimed
the need for anticoagulation treatment.”"!° However,
in a previous large-scale nationwide cohort study,
hyperthyroidism-related AF was not deemed an inde-
pendent risk factor for stroke.!! Thus, previously pub-
lished clinical guidelines regard hyperthyroidism as a
weakly validated risk factor for ischemic stroke in AF pa-
tients.'>'!?> This discrepancy is derived from the nature
of hyperthyroidism-related AE Hyperthyroidism is a cur-
able disease, and its treatment can result in the sponta-
neous restoration of sinus rhythm in a significant propor-
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tion of patients with hyperthyroidism who present with
new-onset AE'Y However, recent studies have shown an
increased risk of stroke in “transient” and “resolved” AF
patients with various conditions such as postoperative
or secondary AE'>'° In the absence of anticoagulation
therapy, AF patients may be at a high risk of ischemic
stroke. To clarify these uncertainties, we aimed to evalu-
ate the risk of SSE in oral anticoagulation-naive patients
with hyperthyroidism-related AE particularly in relation
to time since AF diagnosis and treatment status.

Methods
Study design and population

We performed this retrospective nationwide cohort
study using the National Health Insurance Service (NHIS)
data of Korea.!”?° The NHIS is mandatory for all Ko-
reans and includes 97.1% of the Korean population as
mandatory subscribers. This database contains informa-
tion regarding personal data, medical and pharmaceuti-
cal records, inpatient and outpatient service usage, and
mortality data. This study was approved by the Institu-
tional Review Board of the Yonsei University Health Sys-
tem (Number 4-2016 - 0179). The need for informed
consent was waived. There were 1,034,099 AF patients
aged >18 years between January 1, 2005 and December
31, 2016. In order to include only newly diagnosed AF
patients, we screened for patients who were not diag-
nosed with AF during a 3-year blanking period from Jan-
uary 2002 to December 2004. As a result, we identified
847,460 newly diagnosed AF patients. AF was defined
by International Classification of Disease, Tenth Revision
(ICD-10) code 148, as determined in lhospitalization or
2outpatient visits. To evaluate the accuracy of our defi-
nition of AF, we conducted a validation study with 628
randomly chosen patients from 2hospitals who had ICD-
10 code 148 and underwent electrocardiography. Their
electrocardiograms were reviewed by two physicians. Pa-
tients were diagnosed with AF with a positive predictive
value of 94.1%.'72°

Hyperthyroidism was defined by ICD-10 code E05. In a
validation study with 189 randomly chosen patients with
ICD-10 code EO5, hyperthyroidism diagnosis had a pos-
itive predictive value of 94.7%. Hyperthyroidism-related
AF was defined as a hyperthyroidism diagnosis claim oc-
curring 30 days before or after AF diagnosis. The index
date was defined as the date of AF diagnosis. We ex-
cluded patients with valvular AF (including diagnosis of
mitral stenosis or prosthetic heart valves, or insurance
claims for valve replacement or valvuloplasty), patients
with insurance claim occurred at the same date of AF
diagnosis, and thyroid cancer and also those prescribed
oral anticoagulants before cohort enrollment. After ex-
clusion, there were 615,724 oral anticoagulation-naive
non-valvular AF patients, of whom 20,773 were classified
as hyperthyroidism-related AF patients. The rest were as-
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Figure 1

1,034,099 patients aged over 18 years with AF in
Korean National Health Insurance Service (NHIS)
data from January 1, 2002 to December 31, 2016

Excluded (n=186,639)
[— - Previously diagnosed AF (patients who had AF diagnosis
during 3-year blanking period) (n=186,639)

847,460 patients with newly diagnosed AF in
Korean NHIS

Excluded (n=220,761)
| - Valvular AF (n=38,930)
- OAC before enrollment (n=181,831)

626,669 OAC-naive, newly diagnosed non-
valvular AF patients

Excluded (n=10,975)
— - Thyroid cancer (n=5,373)
- Stroke or death at the time of AF diagnosis (n=5,602)

615,724 OAC-naive, newly-diagnosed non-valvular
AF patients without thyroid cancer history

594,951 AF without 20,773 hyperthyroidism
hyperthyroidism related AF

|

‘ 3:1 Propensity score matching

| |

62,319 nonthyroidal 20,773 hyperthyroidism
AF AF

Flowchart of the study population selection and analysis.

signed to the control group, which was defined as the
nonthyroidal AF group. All study groups were matched
via 1:3 propensity score matching. Details are presented
in (Figure 1).

Covariates and outcome data

We obtained information on select comorbid con-
ditions from inpatient and outpatient hospital diag-
noses. Baseline comorbidities were defined using med-
ical claims and prescription medication data prior to the
index date. To ensure diagnostic accuracy, patients were
considered to have comorbidities when the condition
was a discharge diagnosis or was confirmed at least twice
in an outpatient setting. This was similar to the methods
reported in previous studies (eTable 1).172°

Patients’ first ischemic stroke or systemic embolism
was assessed. The definitions of clinical outcomes are
presented in S1 Table. The accuracy of ischemic stroke
diagnoses based on the NHIS claim data was previously
validated.'”° Patients were followed up from the index
date until the occurrence of the study outcome, initia-
tion of oral anticoagulant, or end of the follow-up pe-
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Table 1. Comparison of baseline characteristics between atrial fibrillation patients with and without hyperthyroidism

Characteristics

Before propensity score matching

Propensity score-matched cohort

Nonthyroidal AF Hyperthyroidism AF SMD Nonthyroidal AF Hyperthyroidism AF~ SMD
(n=594,951) (n=20,773) (n=62,319) (n=20,773)
Age (years) 67.0(55.0-76.0) 61.0(48.0-72.0) 0.312 61.0(48.0-72.0) 61.0(48.0-72.0) 0.003
>65 330101 (55.5%) 8693 (41.8%) 0275 26937 (43.2%) 8693 (41.8%) 0.028
~75 171402 (28.8%) 4086 (19.7%) 0214 12774 (20.5%) 4086 (19.7%) 0.021
Female 275249 (46.3%) 10833 (52.1%) 0.118 32577 (52.3%) 10833 (52.1%) 0.003
Hypertension 407764 (68.5%) 11502 (55.4%) 0.274 34202 (54.9%) 11502 (55.4%) 0.010
Diabetes mellitus 136656 (23.0%) 3443 (16.6%) 0.161 10188 (16.3%) 3443 (16.6%) 0.006
Heart failure 139771 (23.5%) 3466 (16.7%) 0.171 10365 (16.6%) 3466 (16.7%) 0.001
lschemic stroke or TIA 120541 (20.3%) 2603 (12.5%) 0210 7700 (12.4%) 2603 (12.5%) 0.005
Vascular disease 97605 (16.4%) 2603 (12.5%) 0.178 6465 (10.4%) 2157 (10.4%) 0.000
CHA,DS,-VASc score 2.0(1.0-4.0) 2.0(1.0-4.0) 0.313  2.0(1.0-4.0) 2.0(1.0-4.0) 0.006
<2 175148 (29.4%) 8888 (42.8%) 0281 26077 (41.8%) 8888 (42.8%) 0.019
2 275249 (46.3%) 11885 (57.2%) 0.281 36242 (58.2%) 11885 (57.2%) 0.019
History of major bleeding 81247 (13.7%) 1788 (8.6%) 0.161 5392 (8.7%) 1788 (8.6%) 0.002
Dyslipidemia 339291 (57.0%) 9555 (46.0%) 0.222 28533 (45.8%) 9555 (46.0%) 0.004
COPD 95327 (16.0%) 2211 (10.6%) 0.159 6679 (10.7%) 2211 (10.6%) 0.002
Chronic kidney disease 35715 (6.0%) 688 (3.3%) 0.128 2046 (3.3%) 688 (3.3%) 0.002
End-stage renal disease 7707 (1.3%) 115 (0.6%) 0.078 359 (0.6%) 115 (0.6%) 0.003
History of Liver disease 227108 (38.2%) 6419 (30.9%) 0.153 18838 (30.2%) 6419 (30.9%) 0.015
History of malignant neoplasm 136052 (22.9%) 2850 (13.7%) 0.238 8552 (13.7%) 2850 (13.7%) 0.000
Aspirin 211344 (35.5%) 4800 (23.1%) 0275 14544 (23.3%) 4800 (23.1%) 0.005
P2Y12 inhibitor 63178 (10.6%) 945 (4.5%) 0231 2954 (4.7%) 945 (4.5%) 0.009
ACE or ARB 216667 (36.4%) 5136 (24.7%) 0.256 15267 (24.5%) 5136 (24.7%) 0.005
Beta blocker 186598 (31.4%) 4250 (20.5%) 0.251 12822 (20.6%) 4250 (20.5%) 0.003
CCB (DHP) 217256 (36.5%) 5741 (27.6%) 0.191 17097 (27.4%) 5741 (27.6%) 0.005
CCB (NonDHP| 31199 (5.2%) 580 (2.8%) 0.125 1831 (2.9%) 580 (2.8%) 0.009
AAD (Class Ic) 5417 (0.9%) 46 (0.2%) 0.092 190 (0.3%) 46 (0.2%) 0.016
AAD (Class Ill 5781 (1.0%) 78 (0.4%) 0073 236 (0.4%) 78 (0.4%) 0.001
Diuretics 223982 (37.6%) 5508 (26.5%) 0.240 16415 (26.3%) 5508 (26.5%) 0.004
Digoxin 32332 (5.4%) 575 (2.8%) 0.135 1788 (2.9%) 575 (2.8%) 0.006
Statin 147789 (24.8%) 3193 (15.4%) 0.238 9575 (15.4%) 3193 (15.4%) 0.000

Values are presented as median (IQR) or n (%).
AAD, antiarrhythmic drug; ACE, angiotensin converting enzyme; AF, atrial fibrillation; ARB, angiotensin Il receptor blocker; CCB, calcium channel blocker; COPD, chronic
obstructive pulmonary disease; DHP, dihydrodipine; IQR, interquartile range; SMD, standardized mean difference; TIA, transient ischemic attack.

riod, whichever occurred first. Each end point was an-
alyzed independently of the others without being cen-
sored. We analyzed the risk of SSE and incidence rate dif-
ference between groups in different time periods (within
1 year of AF diagnosis and overall study periods). Addi-
tionally, we performed subgroup analyses based on pa-
tients’ covariates and hyperthyroidism treatment status.
Treated hyperthyroidism was defined as hyperthyroidism
treated with antithyroid drugs for at least 1 month since
hyperthyroidism diagnosis. Treated intractable hyperthy-
roidism was defined as hyperthyroidism treated with ra-
dioactive iodine or thyroidectomy.

Statistical analyses

Data are presented as median (interquartile range
[IQR]) for continuous variables and number (percentage)
for categorical variables. We constructed a 3:1 propen-
sity score model based on multiple logistic regression
analysis that included the following variables: age; sex;
components of the CHA,DS,-VASc score (hypertension,
diabetes mellitus, heart failure, prior ischemic stroke

or transient ischemic attack [TIA] events, and vascular
disease); patients’ dyslipidemia, chronic obstructive pul-
monary disease, chronic kidney disease, and liver disease
status; history of major bleeding; previous cancer diag-
noses; and prescribed medication at enrollment. Match-
ing was performed using the nearest-neighbor matching
method, in which patients were matched on the logit
of the propensity score using a caliper width of 0.1 of
the standard deviation. Standardized mean differences
were estimated to assess pre- and post-match balance. We
used Aalen-Johansen analysis to construct cumulative in-
cidence curves with competing risk as death. Poisson dis-
tribution to calculate SSE incidence rates and incidence
rate difference (IRD) with 95% confidence intervals (CIs)
and, and Cox regression to calculate hazard ratios (HRs)
with 95% CIs. We analyzed clinical outcomes within 1
year of enrollment and overall study periods. We com-
puted time-dependent hazard rates and HRs using gen-
eralized survival models which were created using the
stpm?2 function in the “rstpm?2” R package. We identified
sufficient overlaps of propensity scores between groups,
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Table Il. Incidence rates and hazard ratios of ischemic sfroke in hyperthyroidism-related atrial fibrillation patients

Nonthyroidal AF (n = 62,319)

Hyperthyroidism AF (n = 20,773)

SSE
Events 4,980
Person years

Incidence rate (95% Cl)f

Absolute incidence rate difference (95% Cl)’
Hazard ratio (95% Cl)*, P value

Within 1 year

Events 1,429
Person years

Incidence rate (95% Cl)

Absolute incidence rate difference (95% Cl)!
Hazard ratio (95% Cl), P value

307937.1
1.62 (1.57 to 1.66)

1 (Reference)

53555.99
2.67 (2.53 10 2.81)

1 (Reference)

1,806
98488.17
1.83 (1.75 10 1.92)

0.22 (0.12 10 0.31)
1.13 (1.07 to 1.19), <0.001

633
17323.62

3.65 (3.38 to 3.95)

0.99 (0.67 to 1.30)

1.36 (1.24 to 1.50), <0.001

Values are presented as n (%), unless stated otherwise.

AF, atrial fibrillation; 95% Cl, 95% confidence interval; SSE, stroke and systemic embolism

Per 100 person-years.

"HR adjusted for age, sex, hypertension, diabetes mellitus, congestive heart failure, major bleeding history, vascular disease, history of stroke/transient ischemic attack,
dyslipidemia, Charlson comorbidity index category (chronic obstructive pulmonary disease, peptic ulcer disease, liver disease, chronic kidney disease, dementia, human

immunodeficiency virus infection, and malignancy), and hypertrophic cardiomyopathy.

which represents the existence of equipoise between the
2group (eFigure 1).>! We also performed the following
sensitivity analyses to make our study findings more ro-
bust. 1) We used a Cox multivariable regression model
to analyze clinical outcomes of subjects before propen-
sity score matching. This model contained all the vari-
ables listed in (Table I - II 2) We also used the inverse
probability of treatment weighting method for analyzing
clinical outcomes. 3) We assessed the risk of SSE with-
out censoring at the date of oral anticoagulant initiation.
Statistical analyses were conducted using SAS version 9.3
(SAS Institute, Cary, NC, USA) and R version 3.3.2 (The R
foundation, www.R-project.org).

Results
Baseline characteristics

Patients’ baseline characteristics are presented in
(Table 1). Of the 615,724 oral anticoagulation-naive non-
valvular AF patients, 20,773 (3.4%) had hyperthyroidism-
related AE After 3:1 propensity score matching,
all groups had well-balanced baseline characteristics
(Table I ). The median age and CHA,;DS,-VASc score of
the study subjects were 61.0 (IQR, 48.0 - 72.0) and
2.0 AQR, 1.0 - 4.0), respectively (Table 1 ). The median
follow-up duration was 5.9 years. During follow-up peri-
ods, 30.7% patients were prescribed oral anticoagulants
and censored.

Risk of ischemic SSE

During the study period, 1,806 and 4,980 SSE events
occurred in the hyperthyroidism-related AF and non-
thyroidal AF groups, respectively. The incidence rate
of SSE events was 1.83 per 100 person-years (95% CI,
1.75 to 1.92) in the hyperthyroidism-related AF group
and 1.62 per 100 person-years (95% CI, 1.57 to 1.66)

in the nonthyroidal AF group (Table II ). Additionally,
the hyperthyroidism-related AF group had a significantly
higher cumulative SSE incidence rate than the nonthy-
roidal AF group (log-rank, P < 0.001) (Figure 2). The
hyperthyroidism-related AF group also had a significantly
higher risk of SSE than the nonthyroidal AF group (HR,
1.13; 95% CI, 1.07 to 1.19,; P < 0.001) (Table II).

Time-dependent changes in the risk of SSE

There were higher incidences of SSE within 1 year
of AF diagnosis in both study groups. We observed
633 (35.0%) SSE events in the hyperthyroidism-related
AF group and 1,489 (29.9%) SSE events in the nonthy-
roidal AF group. The risk of SSE was 36% higher in the
hyperthyroidism-related AF group than in the nonthy-
roidal AF group within 1 year of AF diagnosis (HR, 1.36;
95% CI, 1.24 to 1.50, IRD, 0.99; 95% CI, 0.67 to 1.30; P
< 0.001), but IRD decreased over time (IRD, 0.22; 95%
CI 0.12 to 0.31) (Table II , Figure 2).

The time-dependent hazard rates of SSE are presented
in (Figure 3A). Within 1 year of AF diagnosis, SSE haz-
ard rates were higher in the hyperthyroidism-related AF
than in the nonthyroidal AF group. Among the 1,806
SSE events that occurred in the hyperthyroidism-related
AF group, 633 (35.0%) occurred within 1 year of AF di-
agnosis. Beyond 1 year of AF diagnosis, the difference
in hazards became statistically insignificant between the
two groups. The time-dependent HRs are shown in
(Figure 3B).

Risk of SSE according to CHA,DS,-VASc score

SSE incidence rates based on CHA,DS,-VASc scores are
presented in (Figure 4). During the study period, the an-
nual incidence of SSE exceeded 2 per 100 person-years
in hyperthyroidism-related AF patients with a CHA,DS,-
VASc score >3. Moreover, the hyperthyroidism-related
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— Hyperthyroidism AF
Nonthyroidal AF

Number at risk
Hyperthyroidism AF 20773
General AF 62319

15804
49317

13915
43506

Years

9390
29310

12258
38473

10781
33811

Absolute difference in incidence rate, per 100 persony-year (95% CI)
0.99 (0.67-1.30) 0.57 (0.37-0.78) 0.44 (0.28-0.61) 0.34 (0.20-0.47) 0.27 (0.15-0.40)

The cumulative incidence SSE and incidence rate difference in AF patients with and without hyperthyroidism. AF, atrial fibrillation; SSE,

ischemic stroke and systemic embolism

Figure 3
A Time dependent hazard rate
S
— Hyperthyroidism AF
— Nonthyroidal AF
o
2 3
[
B
@
3
T 84
S
8
g

Year

Hazard ratio

B Time dependent hazard ratio

20

15

0.5

Year

Time-dependent hazard rates A, and hazard ratios B, of the study groups.

AF group had higher SSE incidence rates than the nonthy-
roidal AF group with respect to patients with a CHA,DS,-
VASc score > 5. Within 1 year of AF diagnosis, the
incidence of SSE exceeded 2 per 100 person-year in
hyperthyroidism-related AF patients with a CHA,DS,-
VASc score >2. In patients with hyperthyroidism-related
AF group and lower SSE risk (CHA;DS;-VASc score <2),
SSE incidence was 0.69 (95% CI, 0.62 to 0.77) per 100
person-year.

Subgroup analysis

The hyperthyroidism-related AF group had a higher
risk of SSE than the nonthyroidal AF group in our sub-
group analyses regarding age, comorbidities (hyperten-
sion and heart failure status), sex, prior ischemic stroke

or TIA events, and CHA,DS,-VASc score subgroups (all P
for interaction > 0.05) (Figure 5). The risk of SSE in the
treated hyperthyroidism (HR, 0.64; 95% CI, 0.58 to 0.70;
P for interaction < 0.001) and treated intractable hyper-
thyroidism subgroups (HR, 0.45; 95% CI, 0.28 to 0.73;
P for interaction < 0.001) was significantly lower than
that in the nonthyroidal AF group. The risk of SSE de-
creased in the treated hyperthyroidism subgroup within
1 year of hyperthyroidism diagnosis. The untreated hy-
perthyroidism subgroup had a significantly higher risk of
SSE than the nonthyroidal AF group (HR, 1.46; 95% CI,
1.35 to 1.55) (Figure 5).
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Figure 4
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B Within 1 year from AF diagnosis
16
M Hyperthyroidism AF i *
14 Nonthyroidal AF

121 *P<0.05

Incidence rate
(per 100 Person-Years)
o

CHA2DS2-VASc score

Incidence rate of SSE in AF patients with and without hyperthyroidism stratified by CHA2DS2-VASc score. A, overall follow-up duration; B,

within 1 year from AF diagnosis. *P <0.05

Figure 5
No. of Overall SSE P value for Within 1-year SSE P value for
Patients Hazard ratio (95% CI) interaction Hazard ratio (95% CI) interaction
Overall 20773 . 1.13 (1.07-1.19) o 1.36 (1.24-1.50)
Age
=65 12080 o 1.14 (1.04-1.26) e 1.41 (1.26-1.57)
0.830 0.749
<65 8693 . 1.16 (1.07-1.24) —e—i 1.36 (1.14-1.63)
Sex
Male 9940 ro 1.11 (1.03-1.21) o 1.37 (1.19-1.57)
0.625 0.977
Female 10833 ol 1.14 (1.06-1.23) o 1.36 (1.20-1.54)
History of Stroke or TIA
Yes 2603 roi 1.18 (1.06-1.31) e 1.41 (1.18-1.69)
0.313 0.638
No 18170 o 1.11 (1.04-1.18) o 1.34 (1.20-1.50)
Heart failure
Yes 3466 o 1.21 (1.09-1.34) —e—i 1.38 (1.16-1.64)
0.175 0.920
No 17307 ol 1.11 (1.04-1.18) o 1.36 (1.22-1.52)
CHA,DS,.VASc score
<2 8888 L) 1.14 (1.08-1.21) —e—i 1.48 (1.17-1.86)
0.934 0.540
=7 11885 o 1.13 (1.00-1.28) e 1.37(1.23-1.51)
Treated thyroid disease
Treated 7756 e 0.64 (0.58-0.70) (== 0.75 (0.63-0.89)
Treated intractable disease 362 —— 0.45 (0.28-0.73) <0.001 il 0.82(0.39-1.72) <0.001
Not treated 13017 Ll 1.46 (1.38-1.55) gl 1.75 (1.58-1.94)
0.25 0.5 1 2 0.25 0.5 1 2
Hazard ratios of ischemic stroke and systemic embolism in different subgroups.
e . . .
Sensitivity analysis Discussion
For all subjects, before propensity score matching, hy- In this large-scale retrospective cohort study,

perthyroidism was significantly associated with the in-
creased risk of SSE, as determined based on the following
adjusted HRs: 1.13 (95% CI, 1.08 to 1.18; P < 0.001) dur-
ing the whole study period, 1.36 (95% CI, 1.26 to 1.48;
P < 0.001) within 1 year of AF diagnosis, and 1.04 (95%
CI, 0.98 to 1.10; P = 0.205) beyond 1 year of AF diag-
nosis. In the inverse probability of treatment-weighted
cohort, the results were still similar to the main result.
The assessed SSE risk without censoring at the date of
oral anticoagulant initiation was consistent with primary
findings (eTable II).

hyperthyroidism-related AF patients showed a higher
incidence of SSE than nonthyroidal AF patients within
1 year of AF diagnosis, but incidence of SSE became
similar to that of nonthyroidal AF over time. This trend
remained consistent in all ranges of CHA,DS,-VASc
scores. After hyperthyroidism treatment, the incidence
rate of SSE significantly decreased and was lower in
hyperthyroidism-related AF patients than in nonthyroidal
AF patients. Our findings suggest that hyperthyroidism-
related AF patients might have higher risks of ischemic
stroke and systemic embolism, especially when initially
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diagnosed. This risk might be reduced by treating hyper-
thyroidism. However, further prospective study would
be needed.

Increased risk of SSE in hyperthyroidism-related AF

Hyperthyroidism is a common endocrinologic disor-
der that can exacerbate pre-existing cardiac disease and
cause de novo cardiovascular abnormalities, including
AE heart failure, and cardiovascular disease.’??> De-
spite the close associations between AF and hyperthy-
roidism and ischemic stroke, whether hyperthyroidism-
related AF results in a higher risk of ischemic stroke
than nonthyroidal AF remains controversial. Therefore,
hyperthyroidism-related AF is not regarded as a major risk
factor for ischemic stroke in current guidelines.'> Only
Canadian Cardiovascular Society guidelines suggested an-
ticoagulation during thyrotoxic state with low quality ev-
idence.? Prior observational studies have reported that
the risk of SSE was higher in hyperthyroidism-related AF
patients than in nonthyroidal AF patients. Moreover, a
prospective observational study of 480 patients by Siu
et al. revealed that hyperthyroidism-related AF patients
had a higher risk of stroke than nonthyroidal AF pa-
tients.”> !0 Alternatively, a retrospective cohort study us-
ing Swedish nationwide cohort data reported that thy-
roid disease was not an independent risk factor for stroke
(HR, 0.96; 95% CI, 0.73 to 1.25). However, while this
study analyzed 182,678 AF patients without oral antico-
agulation, only 55 ischemic stroke events occurred in
hyperthyroidism-related AF patients. Moreover, the num-
ber of such patients was not presented.'!

In our study, we analyzed 615,724 oral anticoagulation-
naive non-valvular AF patients, which included 20,773
patients with hyperthyroidism. To our knowledge, our
study is the largest study that investigates the risk of
stroke in hyperthyroidism-related AF

The mechanism(s) for an increased risk of throm-
boembolism associated with new-onset AF in patients
with hyperthyroidism remains unclear. The high risk
of stroke in hyperthyroidism-related AF may be derived
from hemostatic changes in thyroid disease.”>?° Hy-
pothyroid and hyperthyroid statuses are associated with
abnormal hemostasis, whereby the coagulation factor
turnover rate and fibrinogen levels increase.”® Hyper-
coagulability in new-onset non-valvular AF patients may
also play a role in this abnormal hemostasis.”” Moreover,
hyperthyroidism is associated with hypercoagulability.
Therefore, the presence of both AF and hyperthyroidism
may synergistically increase thromboembolic risk.*®

Increased risk of SSE within 1 year of AF diagnosis
and reduced risk after treatment

Our study shows an increased risk of SSE within 1 year
of AF diagnosis, concurring with results of the study of
GARFIELD-AF data that showed that the highest number
of clinical events occurred during the first 4 months of
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follow-up,”’ results reported by Siu et al. where the ma-
jority of ischemic strokes (>70%) occurred within the
first 30 days of presentation,” and results reported by
Dekkers et al.?> who showed an increased risk of death
and cardiovascular events in the initial months of hyper-
thyroidism diagnosis.?”>*® Half of our hyperthyroidism-
related AF patients did not receive hyperthyroidism treat-
ment, possibly because some had subclinical hyperthy-
roidism, which is also classified as ICD code EO5. There
have been several studies on the association between
subclinical hyperthyroidism and AE?%?° Despite this,
patients treated for hyperthyroidism had a significantly
lower risk of SSE than nonthyroidal AF patients, even in
intractable cases. Insufficient hyperthyroidism treatment
has also been associated with an increased cardiovascu-
lar risk.>® Unfortunately, the rate of sinus conversion was
not available in this study. However, there was a data
about spontaneous conversion to sinus rhythm after hy-
perthyroidism treatment can result in decreased AF bur-
den and a lower risk of SSE.>! In this study, there was
a residual SSE risk during entire follow-up duration. In
this study, there was a residual SSE risk during entire
follow-up duration. However, the incidence rate of SSE
was not significant in subgroup with low CHA2DS2-VASc
score under 2, who do not need for anticoagulation in
current guidelines.'> !> These finding suggest anticoagu-
lation might be not required in patients with hyperthy-
roidism related AF and CHA2DS2-VASc score under 2.

When the study population was classified accord-
ing to the CHA;,;DS,-VASc score, SSE incidence rates
were around 2 per 100 person-years in patients whose
CHA,DS,-VASc score was >2. Our results are consistent
with those of our previous study, which investigated risk
factors for stroke and the application of the CHA,DS,-
VASc score in the Korean AF population.’?

Clinical implications

In contrast to current guidelines, we demonstrated
the increased risk of SSE in hyperthyroidism-related AF
patients compared with that in nonthyroidal AF patients,
especially within the first year of AF diagnosis. The risk
became similar to that of nonthyroidal AF patients over
time. Therefore, stroke prevention via oral anticoagula-
tion may be required in hyperthyroidism-related AF pa-
tients. Furthermore, hyperthyroidism treatment may re-
duce such patients’ risk of stroke.

12,13

Study limitations

Our study had several limitations. First, AF diagnoses
and adverse events were based on the ICD-10 codes reg-
istered by the physicians responsible for patient care.
However, the accuracy of AF and adverse event diag-
noses in the Korean NHIS database were previously val-
idated.'®?! Second, data on different AF types (parox-
ysmal and nonparoxysmal) were not available. Third,
our study was based on Korean NHIS data, and we had
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no information about thyroid function tests (TSH, T3,
T4), autoimmunity status (TRAb, anti-TPO, anti-Tg), UL
and scintigraph findings. We also did not have data for
hyperthyroidism causes (offending drug such as amio-
darone, glucocorticoids, or oral contraceptives), and the
exact incidence of subclinical hyperthyroidism. So, we
were not able to clarify the treatment response for hy-
perthyroidism. Fourth, definition of intractable hyperthy-
roidism was ambiguous. Some patients might be received
radioiodine or thyroidectomy because of contraindica-
tion for antithyroid drug. Fifth, we did not have ex-
act data of returning sinus rhythm after hyperthyroidism
treatment. Sixth, as the present study included only OAC
naive patients, we were not able to prove the benefit of
anticoagulation in this population. Seventh, the defini-
tion of comorbidities in this study might ensure a high
positive predictive value, but there were concerns for
low sensitivity. Finally, we may have missed confounders
that affected clinical events such as obesity, smoking
or alcohol consumption. Despite these limitations, this
study included evaluated longitudinal data from almost
the entire Korean adult population, and to our knowl-
edge, our study is the largest study to investigate the risk
of stroke in hyperthyroidism-related AF patients.

Conclusion

The risk of SSE was similar in hyperthyroidism-
related AF and nonthyroidal AF group. Within 1 year
of AF diagnosis, the risk of SSE was much higher in
hyperthyroidism-related AF group than nonthyroidal AF
group. This risk was seemed to be reduced by treating hy-
perthyroidism. Hyperthyroidism-related AF patients have
a high risk of stroke when initially diagnosed with AF
and thus require regular follow-ups with appropriate an-
ticoagulation strategy and prompt treatment for hyper-
thyroidism.
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