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Background: Patients with hyperthyroidism have higher risk of atrial fibrillation (AF). However,
the risk of thromboembolic event in patients with hyperthyroidism-related AF is controversial.
Objectives: The aim of the study was to examine the risk of thromboembolic events in AF
patients with/without hyperthyroidism.

Methods: The national retrospective cohort study enrolled AF population was derived from the
Taiwan National Health Insurance Research Database. The comparison between the AF patients
with clinical hyperthyroidism (HT-AF group) and AF patients without hyperthyroidism (non-
thyroid AF group) was made in a propensity score matched cohort and in a real-world setting, of
which, the CHA,DS -VASc level was treated as a stratum variable. The outcomes were ischemic
stroke and systemic thromboembolism.

Results: There were 3,880 patients in HT AF group and 178,711 in non-thyroid AF group. After
propensity score analysis, the incidence of thromboembolism event and ischemic stroke were
lower in HT AF patients than non-thyroid AF patients (1.6 versus 2.2 events per 100 person-
years; HR, 0.73; 95% Cl, 0.64-0.82 and 1.4 versus 1.8 events per 100 person-years; HR, 0.74;
95% Cl, 0.64-0.84, respectively) in the 4.3 + 3.2 year follow up period. The differences persis-
tently existed in those receiving anticoagulants or not. In AF patients without anticoagulants,
the incidence densities of ischemic stroke/systemic thromboembolism were significantly lower
in HT AF group than those in non-thyroid AF group at CHA,DS,-VASc scores < 4 (HR, 0.41; 95%
Cl, 0.35-0.48, p < 0.001), while the differences disappeared in case of score = 5 (HR, 0.80; 95%
Cl, 0.63-1.02, p = 0.071).

Conclusion: Patients with HT AF had lower incidence of thromboembolic events as compared
to non-thyroid AF patients. The threshold of CHA,DS,-VASc score for anticoagulation in AF
patients with clinical hyperthyroidism should be further evaluated.

Highlights
+ The incidence of thromboembolic event was different between hyperthyroidism-related
atrial fibrillation (HT-AF) and non-thyroid AF patients.
* Hyperthyroidism did not confer additional risk of thromboembolic event at CHA DS,-VASc
of <4,
+ The benefit of anticoagulation strategy in patients with hyperthyroidism-related AF should
be further evaluated, especially at low CHA,DS,-VASc score.
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Introduction
Atrial fibrillation (AF) is a complication of hyperthyroidism [1, 2], and up to 13% of patients with new-onset
AF have biochemical evidence of hyperthyroidism [3]. AF occurs in 5% to 15% of patients with hyperthy-
roidism compared to 1.5% to 2% in the general population [2, 4]. However, individuals with hyperthyroid-
ism-related AF differ from those with non-thyroid AF, with higher proportions of women and younger age in
the former. In terms of stroke, hyperthyroidism induces hypercoagulable state, endothelial dysfunction, and
high inflammation status which contributes to the incidence of thromboembolic events [5, 6, 7]. In addition,
AF is also a well-known risk factor for thromboembolism, and is important to prevent thromboembolism in
the management of AF [8]. A few studies have reported that individuals with hyperthyroid AF have a higher
risk of stroke than those with non-thyroid AF [5, 9, 10]. However, there are currently no recommendations
focusing on AF patients with clinical hyperthyroidism (HT AF) [8]. In addition, AF related to hyperthyroidism
is sometimes considered to be reversible atrial tachyarrhythmia due to the high maintenance rate of sinus
rhythm after controlling thyroid hormone [11], and because hypercoagulable and endothelial function can
also be improved after correcting hyperthyroidism [6]. Moreover, better adherence to antithyroid drugs was
reported to result in a lower risk of stroke in patients with hyperthyroidism in a national cohort study [12].
The CHA,DS,-VASc score is used to predict the risk of stroke/systemic embolism in non-valvular AF
patients: Anticoagulation therapy is recommended in patients at CHA DS,-VASc score > 2 (this treatment
can also be considered in case of a CHADS2-VASc of 1) [8]. This study hypothesized that the risk of throm-
boembolism in patients with new-onset HT AF would be lower than that in non-thyroid AF patients. The
Taiwan National Health Insurance Research Database (NHIRD) was utilized—a large national population-
based database of medical records—to compare differences in the risk of thromboembolism between HT AF
patients and non-thyroid AF patients [13].

Methods

Study cohort

This was a retrospective analysis derived from the NHIRD. A total of 331,484 patients with new-onset AF
(International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code 427.31) were
identified from the NHIRD between January 1, 2001 and December 31, 2013. We excluded patients with pos-
sible other secondary AF and valvular AF, including those aged <20 years, those whose index diagnosis of AF
was during hospitalization for cardiac surgery, and those who were diagnosed with rheumatic valvular heart
disease. Those under amiodarone within 1 year before and after a diagnosis of AF were excluded due to the
potential effects of this drug on thyroid function. In order to exclude patients with subclinical hyperthyroid-
ism and those with a missing diagnosis of hyperthyroidism, those with a diagnosis of hyperthyroidism but
without any prescriptions for anti-hyperthyroidism therapy within 1 year before the index date and the date
of diagnosis of hyperthyroidism beyond 1 year before the diagnosis of AF were not accepted. Those with any
history of hypothyroidism and those who had received total thyroidectomy within 1 year before and after
a diagnosis of AF were excluded. To guarantee receiving adequate anti-hyperthyroidism therapy, those who
died or had a thromboembolic event of interest within 180 days after the index date were excluded. The
eligible patients were classified into two groups as the HT AF group and those with non-thyroid AF (non-
thyroid AF group) (Figure 1). This study was approved by the Institutional Review Board of Chang Gung
Memorial Hospital (201700281B1).

Comorbidities and outcome definition

Baseline comorbidities including hypertension, diabetes mellitus, chronic kidney disease, dyslipidemia,
obstructive lung disease, ischemic heart disease, peripheral artery disease, and stroke were recorded with
ICD-9-CM diagnosis codes during the index hospitalization and at least two consecutive clinic visits in the
previous year before the index date. The index date was defined as the date when AF was first diagnosed
and the observation period ended at the time of death, time of clinical outcome events, or on December 31,
2013. The primary outcome of interest was the occurrence of a thromboembolic event including ischemic
stroke and systemic thromboembolism that was defined as the principal diagnosis for the hospitalization.
Systemic thromboembolism was defined as the vascular thromboembolic occlusion of an extremity or
extracranial vital organ.
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Patients with newly-onset AF
(N=331,484)

Excluded patients who might be other secondary AF:
Missing data: 109
Age under 20 y/o: 790
Received cardiac surgery during index admission: 6,091
Rheumatic valvular heart disease: 6,941
Use of amiodarone within one year before and after AF diagnosis: 44,119

Adult AF patients
(n=273,434)

Excluded
With history of hypothyroidism: 5,943
Hyperthyroidism wasn’t diagnosed within 1 year of AF diagnosis: 9,671

. . . Received bilateral thyroidectomy surgery within one year before and after AF diagnosis: 62
AF patients eligible for analysis Died within 180 days after AF diagnosis: 42,818
(n=182,591) Follow-up period less than 180 days after AF diagnosis: 23,714
Ischemic stroke or systemic thromboembolism was diagnosed within 180 days after AF
‘ diagnosis: 6,750
l l Did not take anti-hyperthyroidism drugs within one year before and after AF diagnosis: 1,885

HT-AF Non-thyroid AF
(n=3,880) (n=178,711)

Of which 3,330 patients Of which 155,121 patients
did not received OAC did not received OAC

J/ Propensity score matching J/

HT-AF Non-thyroid AF
(n=3,804) (n=11,412)

Figure 1: Flowchart of the study.

Validation of atrial fibrillation, ischemic stroke and systemic thromboembolism in
NHIRD

The validation of AF in the NHIRD has been assessed previously, with a positive predictive value (PPV) of
89% [14]. In addition, a previous study with 1,736 consecutive acute ischemic stroke patients validated
acute ischemic stroke with a PPV of 88.4% and sensitivity of 97.3% [15]. Furthermore, a validation study
for systemic thromboembolism was conducted at the medical center used by this team, and 120 hospitali-
zations for systemic thromboembolism in AF patients were randomly selected using the same criteria as
in this study. After experienced physicians (YSL and VCCW) reviewed the medical records and all imaging
results—including vascular duplex, computed tomography angiography, and intervention reports—the PPV
of systemic thromboembolism was 86.7%.

Statistics

The baseline characteristics of the HT AF and non-thyroid AF groups were compared using the independent
samples t-test for continuous variables and the chi-square test for categorical variables. The risks of mortal-
ity and thromboembolic events between the two groups were compared using a Cox proportional hazard
model. The Cox models were first conducted in a propensity score-matched cohort, with each patient in the
HT AF group being matched to three counterparts in the non-thyroid AF group according to the propensity
score calculated based on age, sex, CHA,DS -VASc components, and non-antithyroid drugs. The matching
was processed using a greedy nearest neighbor algorithm with a caliper of 0.2 times of the standard devia-
tion of the logit of propensity score, with random matching order and without replacement. Furthermore,
we matched the HT AF patients with non-thyroid AF patients in the cohort with or without oral anticoagula-
tion therapy separately. Cox models were also used in a real-world setting in which the CHA DS,-VASc score
was treated as a stratum variable when comparing the risks of thromboembolic events between the HT AF
and non-thyroid AF groups. The study group (HT AF versus non-thyroid AF) was the only explanatory vari-
able in the Cox models. The level of statistical significance was set as 0.05 and no adjustment of multiple
testing (multiplicity) was made to avoid low statistical power in this study. Data analysis was conducted
using SAS software version 9.4 (SAS Institute, Cary, NC), including the procedures of ‘psmatch’ for propensity
score matching and ‘phreg’ for survival analysis.

Results

Baseline characteristics

From January 1, 2001 to December 31, 2013, a total of 331,484 patients with newly diagnosed AF were iden-
tified. After applying the exclusion criteria, a total of 182,591 patients were included, of whom 3,880 had
HT AF and 178,711 had non-thyroid AF (Figure 1). The baseline characteristics are listed in Table 1. There
were higher prevalence rates of nearly all comorbidities in the non-thyroid AF group compared to the HT AF
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group. In addition, the patients in the HT AF group were younger (Table 1). Similarly, the non-thyroid AF
group used more medications, except for beta-blockers.

Thromboembolic events between the HT AF and non-thyroid AF groups

Systemic thromboembolism and ischemic stroke were evaluated over a follow-up period of 4.3 + 3.2 years
and analyzed after propensity matching in order to adjust for disparities in baseline characteristics between
groups. There were 3,804 patients in the HT AF group and 11,412 patients in the non-thyroid AF group
(Supplemental Table S1). In terms of thromboembolic events, the incidence was lower in the HT AF group
than in the non-thyroid AF group (1.6 versus 2.2 events per 100 person-years; hazard ratio [HR], 0.73; 95%
confidence interval [CI], 0.64-0.82) (Figure 2A). When the incidence of thromboembolic events were
assessed separately, the incidence of ischemic stroke was lower in the HT AF group than in the non-thyroid
AF group (1.4 versus 1.8 events per 100 person-years; HR, 0.74; 95% CI, 0.64-0.84) (Figure 2B), and the
trend was the same in the comparison of systemic thromboembolism (0.3 versus 0.5 events per 100 person-
years; HR, 0.71; 95% CI, 0.55-0.93) (Figure 2C).

Regarding the mortality, the incidence of mortality was lower in the HT AF patients than that in the non-
thyroid AF patients. (3.7 versus 10.2 events per 100 person-years; HR, 0.36; 95% confidence interval [CI],
0.34-0.39) and similar results can be observed after propensity score matching (3.7 versus 5.0 events per
100 person-years; HR, 0.74; 95% CI, 0.68-0.80) (Supplemental Figure S1).

Thromboembolic events in subgroups with/without anticoagulation therapy
The thromboembolic events in the patients with and without prescriptions for anticoagulants were ana-
lyzed after propensity matching and the baseline characteristics are listed in Supplemental Table S1. In the
patients without anticoagulation therapy, the incidence of thromboembolic event was still significantly
lower in the HT AF group than in the non-thyroid AF group (1.5 versus 2.1 events per 100 person-years;
HR, 0.72; 95% Cl, 0.62—0.82) (Figure 3A). The trend was similar in the comparisons of ischemic stroke
and systemic thromboembolic events (Figure 3B, 3C). In the patients with anticoagulation therapy, the
incidence of thromboembolic event was also significantly lower in the HT AF group than in the non-thy-
roid AF group (2.6 versus 3.6 events per 100 person-years; HR, 0.72; 95% Cl, 0.55-0.95) (Figure 4A). The
difference existed in terms of systemic thromboembolism and it has a trend in terms of ischemic stroke
(Figure 4B, 4C).

In addition, the incidence of thromboembolic events was analyzed in HT patients receiving different
antithyroid drugs (including methimazole, carbimazole, and propylthiouracil) by excluding those who used
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Figure 2: Cumulative event rates of ischemic stroke or systemic thromboembolism (A), ischemic stroke
(B), and systemic thromboembolism (C) in AF patients with clinical hyperthyroidism and non-thyroid AF
patients in a propensity score-matched cohort. AF: atrial fibrillation.
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Figure 3: Cumulative event rates of ischemic stroke or systemic thromboembolism (A), ischemic stroke
(B), and systemic thromboembolism (C) in AF patients with clinical hyperthyroidism and non-thyroid AF
patients who were not prescribed with anticoagulants after propensity score matching. AF: atrial fibrillation.
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Figure 4: Cumulative event rates of ischemic stroke or systemic thromboembolism (A), ischemic stroke
(B), and systemic thromboembolism (C) in AF patients with clinical hyperthyroidism and non-hyperthy-
roidism AF patients who were prescribed with anticoagulants after propensity score matching. AF: atrial
fibrillation.

A B C

= Non-thyroid AF

OHT-AF

thromboembolism
rs)

100 person-
(per 100 person-yea

N T

Number of ischemic strok
thromboembolism (per

Number of systs

CHA,DS-VASc score

CHA,DS,-VASe score

CHA,DS,-VASc score

Figure 5: Incidence densities of ischemic stroke or systemic thromboembolism (A), ischemic stroke (B), and
systemic thromboembolism (C) in AF patients with clinical hyperthyroidism and non-thyroid AF patients
in a real-world setting according to CHA DS,-VASc score. AF: atrial fibrillation.

two or more antithyroid drugs during the observation period. The risks of ischemic stroke among those
receiving methimazole, carbimazole, or propylthiouracil were not significantly different, neither in the
whole cohort nor in those stratified according to the use of anticoagulants (Supplemental Figure S2).

Thromboembolic events according to CHA2DS2-VASc score in patients without
anticoagulant therapy

As shown in Table 1, the distribution of CHA,DS_-VASc scores differed in the two groups. The incidence
density (ID) of thromboembolic event (Figure 5A) and ischemic stroke (Figure 5B) were significantly lower
in the HT AF group than in the non-thyroid AF group with CHA,DS -VASc scores of 1-4, but there was no
significant difference in those with a CHA,DS -VASc score > 5 (Table 2). However, the incidence of systemic
thromboembolism in the non-thyroid AF group was significantly higher than that in the HT AF group in
both those with a CHA,DS,-VASc score < 4 and > 5 (Figure 5C) (Table 2). Importantly, those with HT-AF
with a CHA,DS -VASc score of 1 had very low rates of thromboembolic events, ischemic stroke, and sys-
temic thromboembolism (ID: 0.6 events, 0.5 and 0.11 per 100 person-years, respectively), compared to the
non-thyroid AF patients with a score of 0 (ID: 1.7 events, 1.4 and 0.35 per 100 person-years, respectively)
(Figures 5A—5C). In terms of mortality, the incidence of mortality was higher in non-thyroid AF group than
that in HT AF group in any level of CHA DS,-VASc. (Supplemental Table S2)

Discussion

This is the first large cohort study to evaluate the incidence of thromboembolism in patients with AF accord-
ing to thyroid status using propensity score-matched analysis to compensate for baseline disparities. Results
showed that the incidence rates of ischemic stroke and systemic thromboembolism were lower in the
patients with HT AF than in those with non-thyroid AF, whether or not they were receiving anticoagulants.
In addition, antithyroid medication did not alter the incidence of thromboembolism. In terms of ischemic
stroke and thromboembolic event risk stratification, according to CHA DS,-VASc score, the incidence rates
in the HT AF group were significantly lower in those with a CHA,DS -VASc score of < 4 but comparable to
those with a CHA,DS,-VASc score > 5 in the non-thyroid AF group.

Atrial fibrillation in patients with clinical hyperthyroidism is often considered as reversible, with a high
sinus rhythm maintenance rate after the restoration of thyroid function compared to those with non-hyper-
thyroid AF [11, 16, 17]. Thyroid hormone increases automaticity and enhances triggered activity of the car-
diomyocytes of pulmonary veins, and this may increase the arrhythmogenic activity of pulmonary veins and



Lin et al: Thrombosis in Atrial Fibrillation/Hyperthyroidism

Art.45, page8 of 13

(‘pruo))

100'0> (S5°0-2¥°0) 8%°0 (6'2-67) 6'C (e'01) ¥S6SL  LZLSSL (91-z1) ¥'L (e'9) L1z oOg€eE [eloL
0090  (1T1-TL0)€60 (0s-8%) 6% (921) LvLy 86GLE (Lg-€€) sy (S¥1) LS v6E 6-S
1000>  (Z5°0-8€0) ¥+'0 (c7-s7) ST (s'6) Loz1L €TSLLL (€1-60) L'l (eq)¥sL  9g6T 70

paynens
0090  (1T1-2L0)€60 (0s-8%) 6% (921) LvLy 86GLE (Le-€€) sy (S¥1)Ls  v6E 6-S
G000  (98°0-2¥0) 090 (Le-s€) o€ (€11)9Lee €867 (67-€1)1T (z8) 1€ LLE v
1000>  (b£'0-8€°0) €50 (ce-re)ze (z11) Lzoe 11€T€ (ez-11) L1 (52) g€ 14 €
1000>  (0£0-LE0) LSO (977 ST (L6) 1652 L679T (L1-60) €1 (1'9) 6€ ¥h9 z
1000>  ($S0-97°0) LEO (S1-€1) %1 (£9)9zaL 67781 (L0-€0)50 (87) 8t 986 l
7560  (€S'1-¥9°0)66°0 (01-80) 60 (€¥) L8Y €8T11 (€1-50)60 (sv) 1T S9% 0

9[0J1S ITWAYIS|

100'0> (6%°0-8€°0) ¥¥'0 (0'v-8€) 6°€ (rer) 180z 1zLSSL (8'1-¥'1) 9L (L) vz  ogege [eloL
100 (Z0'1-€90) 080 (1'£-£9) 69 (121) 0€%9 86GL€E (99-0%) €6 (021) 29  v6E 6-G
1000>  (8%'0-S€°0) 1+'0 (ze-oe) e (611) 1S6EL €7GLLL (s1-11) €1 (r9)o8l  9g6¢ -0

paynens
1L00  (Z0'1-€90) 080 (1'£-£9) 69 (1'81) 0089 86GL€E (99-0%) €S (021) 29  v6E 6-G
1000>  (08°0-7+'0) 850 (84-9%) Lt (Ly1)11ey £8€67 (9e-81) LT (coL)ee  LLE v
1000>  (1£0-6€0) TS0 (Cr-0v) 1Y (0¥1) 2isH LLETE (LT=s1)1T (€6) v 9% €
1000>  (S9°0-9€0) 6+°0 (ce-0¢€)1e (£'11) €80€ L6797 (61-11)61 (02) s¥ H9 z
1000>  (15°0-S2°0) 9€'0 (81-91) L1 (0'8) z9vL 6¥781 (8°0-¥'0) 90 (e€)ze 986 1
960  (LT1-€50)T80 (1'1-6'0) 01 (zs) €8s €8T11 (€1-50)60 (s¥) 1z S9% 0

anjeAd (1D %S 6) ¥H § (1D %S6) Al (%)uaAg  s1dqunN §(D%S6)al  (%)IuaAg  s1dqunN
4V LH-UON 'sA 4V 1H 4V LH-UON 4V 1IH ISVA-‘SA“VHD

WISIJOqUI0qUIOIY] ITWISAS /3>[011S IIWIAYIS]

‘Ade1ayy uonengeodnue Aue aquosald jou pip oym wsiproJAyadAy
[ED1UI[D INOYUM pue Yim sjuanied Jy Ul WSIOqUI0qUOIY ] JIWAISAS pUB 9)0.11S JIWAYIS] ‘WSI[OqUL0GUIOIY ], JIWIISAS/2X011S JIWRYDS] JO UOIeWLIojU pajlelad 7 dqeL



Art. 45, page9 of 13

Lin et al: Thrombosis in Atrial Fibrillation/Hyperthyroidism

‘s1edA-uosiad o[ Jod S1UaAS Jo JoquInN :AIISUIP DUIPIDU] §

‘o1jel plezey ‘YH ‘[eAI2IUI DUIPLUO0I ‘D ‘ANsuap duapul ‘g ‘wsiproJAynadAy ‘LH ‘uoneluqy [eLIe 4y

100°0> (S¥'0-97°0) S€°0 (z0'1-96'0) 66'0  (L°€) €££9S LZLSS1 (zv'o-vzo)eco (91)es  ogee [eloL
0€00  (S6'0-9£0) 850 (P1'2-96'1) S0°C (L) etz 86GLE (1£1-650)SL'L (Iv) 9l ¥6€ 6-S
1000>  (LF'0-ST0)¥E0 (LL0-€L0)SL0 (0€) 05s€ €TSLLL (ee0-L10)ST0  (€71)LE 9€6¢ =0
paynens
0€00  (S6'0-9£0)850 (P1'2-96'1) S0°C (L) et 86GLE (1£1-650)SL'L (Iv) 9l ¥6€ 6-S
¥L0°0 (S01-2€0) 850 (se'L-171) 871 (€v)vsaL €8€67 (81'1-0€0) L0 (67) 11 LLE 4
oo  (860-0£0)¥S0 (20'1-06'0) 960 (g€)bELL LLez€ (180-1z0) 150  (#7) 11 v9¥ €
9000  (9£0-61'0)8E'0 (2£0-790) £9°0 (L2)1eL L679T (ev'0-L00)ST0  (T1)8 ¥H9 z
9000  (ZL0-¥1'0)Z€0 (6£°0-1£°0) S€°0 (L1)€Le 6vZ81 (0zo-zoo0) 110 (90)9 986 l
€600  (€€1-€0°0)6L0 (70-L1'0) LT0 (1) ezt €8711 (cro-+00-)¥00  (z0)1 S9% 0
ws[oquaoquioly ], J1ualsAs
anjeAd (1D %S 6) ¥H § (1D %S6) Al (%)uaAg  sdqunN §(D%S6)al  (%)IuaAg  s1dqunN
4V LH-UON 'S4 4V LH 4V LH-UON 4V IH ISVA-‘SA“VHD

WISI[OqUI20QUIOIY) JTWI)SAS /3d[0IIS IIWAYIS]



Art.45, page10 of 13 Lin et al: Thrombosis in Atrial Fibrillation/Hyperthyroidism

thus induce the occurrence of AF [18]. This hinted at a lower burden of AF in patients with hyperthyroidism
when the thyroid is in a euthyroid status [11]. In terms of burden of AF, it was reported to have high correla-
tion with thromboembolic event from patients with cardiac implanted electronic devices implantation [19].
On the other hand, it was documented that long-term risk of ischemic stroke was lower in patients with AF
occurring with stress than those with a history of AF from study enrolled patients admitted for sepsis [20].
This explained why the long-term risk of thromboembolism was significantly lower in HT AF group than
non-thyroid AF group in this study though some studies showed higher thromboembolic event at the initial
phase in hyperthyroidism patients with thyrotoxic AF [10].

One small prospective single center study reported a higher incidence of ischemic stroke in hyperthyroid-
ism patients who presented with new-onset AF than in those without AF after 1 year of follow-up, after
matching for age and gender [10]. However, another observational study that included AF patients did not
find that hyperthyroidism was an independent risk factor for stroke or systemic thromboembolism in a
10-year follow-up period [21]. Moreover, another observational AF cohort study enrolled 642 hyperthyroid
AF patients, and found that the patients with hyperthyroidism AF had a lower risk of stroke compared to
their non-thyroid counterparts with the same CHA DS,-VASc score [22]. Taken together, these studies sug-
gest that hyperthyroidism may be a risk factor contributing to thromboembolism, but that AF plays a key
role in thromboembolism, including ischemic stroke, in long-term follow up. However, these studies had
some limitations, including a small sample size favoring heterogeneous conclusions and no adjustments
for several comorbidities, even different baseline comorbidities between them. In addition, hyperthyroid-
ism patients who present with AF should be treated, but this was not considered in these studies. To fill
these gaps and to reduce confounding bias as far as possible, this study enrolled a large nationwide cohort.
Based on reimbursements of the Taiwan National Health Insurance program, antithyroid therapy should
be prescribed based on the clinical presentation and disease relevance. Therefore, around 5~6% of the AF
patients had concomitant hyperthyroidism—or had a history of-and around 1% of those with new-onset AF
also had a clinical diagnosis of hyperthyroidism in our study. This prevalence is similar to previous reports,
in which 5~15% of patients with AF had hyperthyroidism, but fewer than 1% had new-onset AF caused by
hyperthyroidism [2]. Of note, the presence of hyperthyroidism did not confer an additional risk of thrombo-
embolic events compared with non-thyroid AF in the patients with a CHA,DS -VASc score < 4 in this study
which was compatible to those with a CHA,DS,-VASc score > 5. In addition, while the major drugs used to
treat hyperthyroidism, including methimazole, carbimazole, and propylthiouracil are metabolized through
the liver, none of the previous reports mentioned the impact of these drugs on thromboembolism, except
for hepatoxicity [23, 24]. As anticoagulants are mainly metabolized in the liver, a subgroup analysis was
performed of those receiving different antithyroid therapies in those with/without anticoagulation therapy
which found that the incidence of thromboembolic events may be not influenced by antithyroid therapies.

Furthermore, more than 80% of the AF patients did not receive anticoagulation therapy in the enrolled
population, which allowed assessment of the “natural” incidence of thromboembolism. According to previ-
ous reports on the prevalence of the underuse of anticoagulation therapy in Asia, including Taiwan, only
around 20~25% of AF patients receive anticoagulation therapy [25, 26]. In terms of anticoagulation therapy
in patients with hyperthyroidism-related AF in Asia, the prevalence varies from 6% in China [5] to around
20% in Hong Kong [22]. Further studies should be conducted in HT AF patients with anticoagulants.

The results of this study have two clinical implications: First, it provides strong evidence that the inci-
dence of thromboembolic events differs between hyperthyroidism-related AF patients and non-thyroid AF
patients, regardless of whether or not they receive anticoagulants. In addition, it was found that different
antithyroid drugs did not influence the incidence of thromboembolic events in HT AF patients. Second,
current guidelines mandate the use of anticoagulants in patients with a CHA DS,-VASc score > 2 and also
suggest their use in patients with a CHA,DS -VASc score of 1, but do not mention whether thyroid func-
tion should alter the strategy of preventing thromboembolic events in AF patients However, the incidence
of thromboembolic events, including ischemic stroke, was lower than 1% in the HT AF patients with a
CHA,DS -VASc score £ 1 in this study. Several clinical trials have reported that direct oral anticoagulants
should be considered when the annual incidence of stroke is > 0.9% [27]. Therefore, the strategy of anti-
coagulation therapy for AF patients with clinical hyperthyroidism should be reconsidered and investigated
further, especially in those with a CHA,DS,-VASc score of 1.

There are several limitations to this study. First, it could not be clearly confirmed that hyperthyroidism
was the direct cause of AF as it was not possible to access the primary medical records of all patients. This
study tried to increase the likelihood that AF in our patients was related to hyperthyroidism by enrolling
patients with new-onset AF and a diagnosis of hyperthyroidism around the same time as the diagnosis of
AF. This study also excluded patients under amiodarone therapy within 1 year before enrollment. Second,
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this study was unable to differentiate different types of AF because this information is not available in the
NHIRD. However, the incidence of ischemic stroke is considered to be lower in paroxysmal AF patients than
in those with sustained AF [28], and the different types of AF should not change the anticoagulation strategy
[8]. In addition, Wong et al. reported that hyperthyroid AF patients who had a restored sinus rhythm had
a lower incidence of stroke than those with persistent AF [29]. In this study, information on sinus rhythm
restoration was lacking. Third, as laboratory data are not available in the NHIRD, thyroid function could
not be assessed, and so subclinical hyperthyroidism or the severity of hyperthyroidism could not be clearly
classified. Although the level of thyroxine may affect the restoration of sinus rhythm [30] and influence
endothelial function and coagulation status [6], two strategies were used to minimize these limitations. The
first strategy was to include antithyroid drugs as one of the selection criteria in the HT AF group to increase
the likelihood of a correct diagnosis of hyperthyroidism, and the second was to count the number of clini-
cal events after 6 months of antithyroid therapy under the assumption that a euthyroid status had been
achieved.

Conclusion
In this study, the patients with hyperthyroidism-associated AF had a lower risk of thromboembolic
events, including ischemic stroke, than those with non-thyroid AF, especially in those with a CHA DS -
VASc score of <4. Findings suggested the use of anticoagulants might be reconsidered in patients with HT-
related AF, especially at low CHA,DS,-VASc score. Further large database analyses are required to confirm
these findings.

Additional File

The additional file for this article can be found as follows:
- Supplemental file. Tables S1 & S2 and Figures S1 & S2. DOI: https://doi.org/10.5334/gh.871.s1
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