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Abstract

Atrial fibrillation (AF) is a common condition with a global estimated prevalence of 60 million cases, and the most
common cardiac complication of hyperthyroidism, occurring in 5-15% of overtly hyperthyroid patients. Additionally,
subclinical hyperthyroidism and high-normal free T4 have been associated with an increased risk in the development
of AF. Hyperthyroidism-related AF is a reversible cause of AF, and the majority of patients spontaneously revert to
sinus rhythm in 4-6 months during or after restoration of euthyroidism. Therefore, restoring thyroid function is

an indispensable element in hyperthyroidism-related AF management. Rate control with beta-blockers consists
another first-line therapy, reserving rhythm control in cases of persistent hyperthyroidism-related AF. It is still

controversial whether hyperthyroidism is an independent risk factor of stroke in nonvalvular AF. As a result, initiating
anticoagulation should be guided by the clinical thromboembolic risk score CHA,DS,-VASc score in the same way it is
applied in patients with non-hyperthyroidism-related AF. Treatment with the novel direct oral anticoagulants appears
to be as beneficial and may be safer than warfarin in patients with hyperthyroidism-related AF. In this review, we

address the epidemiology, prognosis, and diagnosis of hyperthyroidism-related AF, and we discuss the management

strategies and controversies in patients with hyperthyroidism-related AF.
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Introduction

Atrial fibrillation (AF) is the most common sustained
heart rhythm disorder, becoming a worldwide public
health problem due to its increased incidence and
prevalence, healthcare costs, morbidity, and mortality.
The absolute global prevalence of AF has more than
doubled between 1990 and 2019, from worldwide
estimates of 28 million AF cases in 1990 to 60 million
cases in 2019 (1). AF patients have a significantly
increased risk of serious complications and death (risk
of stroke, heart failure, and death four to five times,
three times, up to two times compared with people
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without AF, respectively) (2). The most important risk
factors for AF are increasing age and male sex. Smoking,
obesity, diabetes, hypertension, myocardial infarction,
heart failure, and stroke are other common risk factors
for AF (3). Today, the increased knowledge of the genetic
causes of AF has revealed around 140 genetic loci
associated with AF (4).

Hyperthyroidism is also a common condition with an
estimated global prevalence of 0.2-1.3% in its overt
form (i.e. elevated thyroxine (T4), trilodothyronine (T3),
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or both) in iodine-sufficient populations, and an even
higher prevalence in iodine-deficient areas (5). The
thyroid hormone excess impacts cardiac energy
homeostasis, cardiac function, cardiovascular
hemodynamics, and the cardiac electrical conduction
system (6). Of the clinical effects of hyperthyroidism
with respect to cardiac complications, sinus tachycardia,
and atrial fibrillation are the most frequent.

In this review, we aim to provide an overview of the
latest relevant literature on the association between
hyperthyroidism and AF and to discuss the management
of hyperthyroidism-related AF (Box 1).

Box 1 Search strategy and selection criteria.

A comprehensive systematic review was beyond
the scope of this paper. We searched MEDLINE from
inception to December 1,2023, for articles published
in English using the terms ‘hyperthyroidism’,
‘thyrotoxicosis’, ‘Graves’ Disease’, ‘toxic adenoma’,
‘toxic multinodular goiter’ in combination with
‘atrial fibrillation’ or ‘arrhythmia’. We also search
the European Society of Cardiology, European Heart
Rhythm Association, American Heart Association,
European Thyroid Association and American
Thyroid Association for publication of relevant
guidelines. The relevant references cited in the
resultant articles were also reviewed and selected.

Epidemiology

The bidirectional association between AF
and hyperthyroidism

The connection between an enlarged thyroid gland
and palpitations was already described over 200 years
ago, and the presence of auricular fibrillation was a
common electrocardiographic finding in hyperthyroid
patients over 100 years ago (7). A review of published
literature from 1916 to 1943 showed that the prevalence
of AF in hyperthyroid patients ranged from 4.7% to 25%
in various studies with a number of patients ranging
between 22 and 2400 (8). More recent studies estimated
that AF occurs in 5-15% of the hyperthyroid patients,
depending on the study population, compared with
the 1-3% in the general population (9, 10). According
to data from two Danish population registry-based
studies, AF or atrial flutter occurred in 8.3% of more
than 40,000 hospitalized hyperthyroid patients within
+30 days from the diagnosis of hyperthyroidism (11)
and in 4.6% of 3966 hyperthyroid patients followed for
a period of 5.5 years in comparison with the 2.9% of the
586,460 euthyroid subjects (12). Two recent studies from
the UK and the USA demonstrated that 5.7% and 10.1% of
the 4189 and 1371 Graves’ disease patients, respectively,
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developed AF during a long-term follow-up (13, 14).
The British study suggests that Graves’ disease patients
have over twice the risk of incident AF compared
with population controls (13). Other retrospective
and smaller studies reported the prevalence of AF in
hyperthyroidism (15, 16, 17, 18) (Table 1).

The risk factors contributing to AF in hyperthyroid
patients do not differ from those in the general
population. The age-dependent distribution of AF
in the general population has also been observed in
hyperthyroidism-related AF (11, 12, 14, 16), with the
adjusted odds ratio for hyperthyroidism-related AF
increasing by 1.7 per 10-year increment in age (11).
However, the relative risk of AF is highest among the
younger and lower in elderly hyperthyroid subjects,
most likely due to the cardiovascular risk factors
(hypertension, heart failure, myocardial infarction,
valvular heart disease, diabetes) that contribute to
the AF risk, which increase with advancing age (12).
In addition, men had double the odds than women
(14), and the odds ratios for hyperthyroidism-related
AF were 1.8, 3.9, and 2.6 in the presence of ischemic
heart disease, congestive heart failure, or heart valve
disease, respectively (11). Finally, patients with toxic
multinodular Goiter have a higher risk of persistent
AF compared to those with Graves’ disease, as toxic
multinodular Goiter tends to occur at more advanced ages
and to develop long-term subclinical hyperthyroidism,
conditions that are associated with a higher frequency
of cardiovascular risk factors, cardiac disease, and other
comorbidities (19).

The incidence of thyroid disease in patients with new-
onset AF has been studied as well. Lower than normal
TSH levels have been found to be present in 4.8% of
the 707 patients with new-onset AF from the Canadian
Registry of Atrial Fibrillation (0.7% having a TSH < 0.1
mU/L) and in 3.1% of the patients with new-onset AF in
a large Danish registry-based study (0.8% having overt
disease or TSH < 0.02 mIU/L) (20, 21). A higher frequency
of low TSH was reported in patients presenting to the
Emergency Department with new-onset AF (10.8% of
whom 6.2% with TSH <0.1 mU/L) (22). In one series,
13% of patients with AF and no obvious cardiovascular
cause were found to have hyperthyroidism (23). In
addition, the Danish study showed that new-onset AF
doubled the risk of later occurrence of hyperthyroidism
during the study period (mean 3.53 years, up to 13 years)
in comparison with the general population, suggesting
that evaluation of thyroid function may well be repeated
at a later time following the AF diagnosis (21). These
results must be interpreted with caution as detection
bias (thyroid function is evaluated more often in patients
with AF) and protopathic bias (all amiodarone treated
patients may not have been identified and excluded
from the analysis) are likely. Additionally, there is not
a clear underlying pathophysiological mechanism
of how AF may cause hyperthyroidism. In any case,
because hyperthyroidism is a modifiable risk factor for
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AF, thyroid screening is mandatory in the diagnostic
assessment of AF (24).

Subclinical hyperthyroidism and high-
normal free T4 and atrial fibrillation

Previous studies have established the association
between subclinical hyperthyroidism (defined as low
TSH in the setting of a normal free T4 (FT4) and free T3
(FT3) concentration) and AF (Table 1). The risk of AF in
patients with subclinical hyperthyroidism over the age
of 60 has been reported to be 2.8-fold higher compared
to euthyroid patients (25). Participants from the
Framingham Heart Study older than 60 years with low
TSH, including those taking thyroxine, had an increased
risk of incident AF compared to euthyroid participants
(RR: 3.8; 95% CIL: 1.7-8.3 when TSH <0.1 mIU/L and
RR: 1.6; 95% CI: 1.0-2.5, when TSH 0.1-0.4 mIU/L) (25).
Similar results were found in the Cardiovascular Health
Study in individuals aged >65 years with endogenous
subclinical hyperthyroidism (adjusted HR: 1.98; 95%
CI: 1.29-3.03, for those with TSH 0.1-0.44 mU/L: 1.85
(95% CI: 1.14-3.00) (26). According to a meta-analysis of
individual data on 8711 participants from five cohorts
with different definitions of AF, endogenous subclinical
hyperthyroidism was associated with increased AF
events (HR: 1.68; 95% CI: 1.16-2.43), and incident AF
was significantly greater in participants with lower
TSH levels (HR: 2.54; 95% CI: 1.08-5.99) (27). A Danish
registry-based study showed that not only overt
hyperthyroidism but also subclinical hyperthyroidism
has an increased incidence among patients with new-
onset AF (3% of patients with new-onset AF developed
subclinical hyperthyroidism compared to 1% in the
general population) (21).

The association between thyroid function within
the normal range and AF has also been investigated
(Table 1). The Rotterdam study found that higher FT4
levels within the normal range are associated with an
increased risk of AF (risk of AF in the highest quartile vs
lowest quartile of FT4: HR adjusted for age and sex: 1.56;
95% CI: 1.14-2.12). This association was stronger among
subjects younger than 65 years of age (HR: 2.23; 95%
CI: 1.18-4.22 and 1.45; 95% CI: 1.01-2.08 in <65 and >65
years of age, respectively) (28). A population-based study
of participants older than 65 years found an increased
risk of AF with higher FT4 levels within the normal
range (29). An analysis of individual-level data from
11 prospective cohort studies in over 28,000 euthyroid
participants (mean age: 64.4 years; 50.8% women)
followed the findings of the two previous studies. Eight
percent of the 21,000 included in the analysis of the
association between FT4 and AF developed AF and a
gradually increased risk among euthyroid individuals
with higher serum FT4 concentrations was found. FT4
levels in the fourth quartile of the reference range was
associated with a 1.45-fold increased risk of incident
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AF in comparison with the first (lowest) quartile of
FT4 levels (P for trend <0.001 across all quartiles) (30).
Both the latter and the Rotterdam study failed to find
an association between serum TSH concentrations
within the reference range and incident AF (28, 30).
Finally, a population-based study revealed higher
FT4 concentrations in the 260 euthyroid subjects
with AF compared with the 5259 euthyroid subjects
without AF. A difference in serum FT4 concentration of
1 pmol/L (0.08 ng/dL) was associated with an odds ratio
for the finding of AF of 1.08 (95% CI: 1.02-1.15). The
larger the difference in FT4 concentrations, the larger
the odds ratio for the finding of AF (differences in free
T4 concentrations of 2.5 pmol/L, 5.0 pmol/L, and 10.0
pmol/L. were associated with 1.21, 1.47, and 2.17 OR,
respectively) (31).

The association between AF and high-normal FT4 levels
needs further clarification, especially in the setting
of thyroid hormone replacement therapy and TSH
suppression therapy in patients with thyroid cancer (32).
In addition, patients with resistance to thyroid hormone
due to variants in the thyroid hormone receptor beta
gene (resistance to thyroid hormone B - RTHp) are
more susceptible to AF due to lifelong exposure to
thyroid hormones. Cardiomyocytes predominately
express thyroid receptor alpha, and therefore patients
with RTHP preserve sensitivity in cardiac tissue. A
retrospective cohort study from the UK found that 55
individuals with RTHP were more susceptible to AF
(HR: 10.56; 95% CI: 4.72-23.6) than the 2750 controls
(33). According to the Reference Centre for Rare Thyroid
Diseases in France, AF was present in 20% of 302
RTHP patients (34). The much lower median age of the
development of cardiac complications in patients with
RTHP highlights the importance of early screening,
regular electrocardiographic follow-ups, and symptom
management with beta-blockers in these patients.
Finally, Mendelian Randomization studies found
that genetically predicted decreased TSH levels and
increased FT3:FT4 ratios were associated with AF (35,
36). The same was not true for genetically predicted
increased FT4, as the polygenic FT4 risk score was
not associated with AF (OR: 1.01; 95% CI: 0.89-1.14),
suggesting that circulating FT4 levels are not directly
involved in the development of AF (35). More powered
Mendelian Randomization studies are expected in the
future with the identification of novel genetic variants
associated with TSH and FT4 levels to help enlighten
the causality between thyroid function and AF.

Prognosis of hyperthyroidism-
related AF

Most studies associated AF with hyperthyroidism when
AF occurred within 30 days before or after the diagnosis
of hyperthyroidism (11). However, a recent retrospective
study in 1371 patients with Graves’ disease followed for
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Table 1 Prevalence and risk of AF in overt and subclinical hyperthyroidism and FT4 within the normal reference range.

Age, Thyroid
Study Year Country Design Subjects,n years FU, years function AF, % Risk (95% CI)
Overt hyperthyroidism
Selmer et al. (12) 2012 Denmark cs 586,460 5.5
Euthyroid 562,461 2.9% IRR 1.41(1.22-1.63)2
OHT 3966 4.6%
Frostetal (11) 2004 Denmark cs 40,628 30days oHT 8.3%
Naser et al. (14) 2023 USA RS 1371 3.3 GD 10.1%P
Okosieme et al. (13) 2019 UK RS 20,945 0.5-16.8
Controls 16,756 2.3% HR 2.67 (2.25-3.15)c
GD 4189 5.7%
Aueretal. (17) 2001 Austria RS 23,638 -
Euthyroid 22,300 2.3%
oHT 725 Elderly 13.8% RR 5.8 (2.7-8.5)
Osman et al. (38) 2007 UK P/CCS 786 35-63 -
Euthyroid 393 7.3%d
HT 393
Mohasci et al. (16) 1990 Hungary 219 17-84 HT 16.4%
50-84 years 35%
17-49 years 1.6%
Iwasaki et al. (15) 1989 Japan RS 92 7-71 GD 21%
>40 years 31%
<40 years 0%
Wong et al. (18) 2017 HongKong RS 1918 28-90 HT 6.9%
Subclinical hyperthyroidism
Selmer et al. (12) 2012 Denmark (@) 586,460 5.5
Euthyroid 562,461 2.9%
SHT 6276 6.9% IRR 1.30(1.18-1.43)2
Collet et al. (27) MA 52,674 8.8
Euthyroid 7901 -
sHT 810 4.2% HR 1.68 (1.16-2.43)f
Cappola et al. (26) 2006 USA (&) 3233 13
Euthyroid 2639 5.2%
SHT 47 >65 8.5% HR 1.98 (1.29-3.03)f
Aueretal. (17) 2001 Austria RS 23,638 -
Euthyroid 22,300 2.3%
sHT 613 Elderly 12.7% RR 5.2 (2.1-8.7)
Gammage et al. (31) 2007 UK cs 5860 -
Euthyroid 5519 4.7%
SHT 126 >65 9.5% OR 1.87 (1.01-3.57)9
Reduced TSH levels
Selmer et al. (12) 2012 Denmark cs 586,460 5.5
Reduced TSH, mIU/L
0.2-0.4 IRR 1.12(1.03-1.21)a
0.1-0.2 - IRR 1.16 (0.99-1.36)2
<0.1 - IRR 1.41 (1.35-1.89)2
Sawin et al. (25) 1994 USA cs 2007 >60 10 Euthyroid
Euthyroid 1576 8.4%
Reduced TSH, mIU/L
0.1-0.4 187 12.2% RR 1.6 (1.0-2.5)h
<0.1 61 21.3% RR 3.8 (1.7-8.3)h
Collet et al. (27) MA 52,674 8.8 HR 1.63 (1.10-2.41)f
TSH, mIU/L
0.1-0.44
<0.1 mU/L HR 2.54 (1.08-5.99)f
(Continued)
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Age, Thyroid
Study Year Country Design Subjects,n years FU, years function AF, % Risk (95% CI)
High-normal FT4
Chaker et al. (28) 2015 Netherlands LS 9166 6.8
FT4, quartiles

First (lowest) 3.4% 1

Second >45 4.5% HR 1.22 (0.88-1.70)2

Third 4.3% HR 1.18 (0.85-1.63)2

Fourth (highest) 5.8% HR 1.56 (1.14-2.12)2
Cappola et al. (26) 2015 USA (& 2843 17 30.3% HR 1.06 (1.03-1.10)

2673 265 Risk of FT4 within the ref
range
Gammage et al. (31) 2007 UK cs 5860 - FT4 - OR 1.08 (1.02-1.15)k
>65 (per 1 pmol/L fT4 change)
Baumgartner et al. (30) 2017 MA 20,921
FT4, quartiles

First (lowest) 6.6% 1

Second 7.8% HR 1.17 (1.02-1.35)f

Third 8.3% HR 1.25 (1.09-1.43)f

Fourth (highest) 9.4% HR 1.45 (1.26-1.66)f

aAdjusted for age, sex, race, calendar year, Charlson comorbidity index, and socioeconomic status; ®77% within/23% beyond 90 days from GD diagnosis;
cAdjusted for age, sex, and comorbidity; 95.3% newly diagnosed AF; €94% females; fAdjusted for age and sex; 9Adjusted for male, age >70, diabetes
mellitus, heart failure, and hypertension; hAdjusted for age, sex, smoking, diabetes mellitus, hypertension, left ventricular hypertrophy, myocardial
infarction, congestive heart failure, and cardiac murmur; ‘Adjusted for age, sex, race, and initiation of thyroid hormone replacement; iNormal fT4;
kEuthyroid subjects TSH 0.4-4 mIU/L; 'Adjusted for age, sex, cardiovascular disease, thyroid medication use, atrial size, systolic blood pressure, fasting

glucose. valvular heart disease, b-blockers, and diuretics use.

FT4, free thyroxine; GD, Graves' disease; HR, hazard ratio; HT, hyperthyroidism; IRR, incidence rate ratio; oHT, overt hyperthyroidism; OR, odds ratio; RR,
relative risk; sHT, subclinical hyperthyroidism; TSH, thyroid-stimulating hormone; y, years; CS, cohort study; RS, retrospective study; P/CCS, prospective/

case-control study; MA, meta-analysis; LS, longitudinal study.

up to 10 years showed that 77% developed AF within
90 days of Graves’ disease diagnosis. Of these, 71.2%
developed AF by 10 days after Graves’ disease diagnosis,
and the remaining 23% developed AF more than 90 days
after the Graves’ disease diagnosis, of which 50% had
attained euthyroidism at the time of AF diagnosis (14).
The observed incidence of ‘late-onset AF’ was higher
in patients with Graves’ disease than expected in the
general population, although it did not achieve statistical
significance (P=0.06).

Control of hyperthyroidism results in a spontaneous
return to sinus rhythm in approximately two-
thirds of patients. Full restoration of normal thyroid
status is not always required for conversion to
sinus rhythm. In a study from the 1980s, 62% of the
hyperthyroidism-related AF patients spontaneously
reverted to sinus rhythm in a period of 4 months, of
whom >40% reverted prior to or at the same week of
restoration of euthyroidism and the remainders after
the achievement of the euthyroid status (37). Similarly,
in a recent study, two-thirds of the hyperthyroidism-
related AF patients followed for a median period
of almost 4 years had a spontaneous conversion to
sinus rhythm. Of those, 66% had spontaneous sinus
conversion before attaining euthyroidism, another 30%
did so within 6 months of having achieved a euthyroid

state, and the remaining reversals were observed within
a maximum of 1 year after achieving euthyroidism
(18). However, the rate of spontaneous conversion
to sinus rhythm was lower (34.6%) in the study of the
Graves’ disease-related AF, in which patients were
followed for a longer time and assessed for both AF
and Graves’ disease recurrence (14). Age, duration of
hyperthyroidism, pre-treatment duration of AF, and
the presence of heart disease have been reported as the
main determinants of reversion of AF (14, 38, 39).

Clinical presentation/diagnosis

AF is the most common cardiac complication in patients
with hyperthyroidism and may be the initial presentation
of hyperthyroidism. Thus, routine laboratory assessment
of thyroid function is recommended in all patients with
new-onset AF (24, 40). The clinical presentation of AF
varies depending on individual characteristics, such as
age, sex, and comorbidities (5, 19). Typically, patients
older than 60 years are oligo- or asymptomatic but are
at a higher risk of AF occurrence (5, 41). Notably, rare
cases of AF in children with hyperthyroidism and the
absence of structural cardiovascular abnormalities have
also been reported (42).
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Current evidence does not support the existence of
specific signs in hyperthyroidism-related AF; however,
differences in clinical presentation or disease severity
between individuals with hyperthyroidism-related AF
and those with hyperthyroidism without AF or with
non-hyperthyroidism-related AF may be documented
(24). Patients with hyperthyroidism and AF may
experience more pronounced symptoms than patients
with hyperthyroidism without AF, such as fatigue,
dyspnea, or reduced exercise capacity; hence, close
monitoring and early intervention are warranted (43).
Additionally, a retrospective cohort study incorporating
data from a large inpatient care database in the USA
highlighted that patients with AF and hyperthyroidism
have a lower disease burden than patients with AF alone
(44). In fact, patients with AF and hyperthyroidism had
lower mortality, median duration, and hospitalization
expenses. These favorable outcomes may be attributed
to the transient thyroid dysfunction and the subsequent
spontaneous conversion to sinus rhythm. The prognosis
of hyperthyroidism-related AF has not been studied;
however, the recurrence rate of hyperthyroidism-
related AF has been reported to be lower than non-
hyperthyroidism-related AF (24, 45). Therefore, it is
reasonable to assume that the overall prognosis of
patients with hyperthyroidism-related AF is not worse
than those with non-hyperthyroidism-related AF when
matched for other determinants.

Prognostic models of AF

Early recognition of AF could potentially prevent future
thromboembolic events and subsequent mortality (46).
However, AF diagnosis can be challenging because
some cases may be asymptomatic or paroxysmal (24).
Hence, recent European Society of Cardiology (ESC)
Guidelines recommend screening for AF based on age
(opportunistic screening in patients aged >65 years
and systematic screening in those aged >75 years) (24).
However, this screening approach may underestimate
the risk of future AF in the general population, as a
substantial number of newly diagnosed AF cases (20—
50%) occur at a younger age (47, 48). Risk stratification
for future AF with reliable and practical prognostic
models incorporating traditional AF risk factors
may be a reasonable and attractive alternative.
However, the majority of the published prognostic
models for incident AF in the general population have
poor performance or include variables not routinely
available. Apart from that, there is a paucity of robust
evidence regarding their clinical utility and hence have
low clinical uptake (48, 49, 50, 51). Specifically, ESC
and the recent 2023 American College of Cardiology/
American Heart Association/American College of
Clinical Pharmacy/Heart Rhythm Society (ACC/AHA/
ACCP/HRS) guidelines do not advocate the use of any
published prognostic model for AF risk stratification
(24, 52). In contrast, the European Heart Rhythm
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Association consensus suggests the use of the C,HEST
model with low to moderate certainty in evidence (Class
2 recommendation) (53).

Despite their promising performance, the aforementioned
prognostic models may not be applicable to patients
with hyperthyroidism-related AF. Most of these models
were developed for the general population and have
not been validated in patients with hyperthyroidism.
It should also be considered that the majority of
prognostic models have a long prediction horizon
(5-10 years), which may be inappropriate in patients
with hyperthyroidism as AF manifests in the short
term (54). Of the identified prognostic models, only
C,HEST (coronary artery disease or chronic obstructive
pulmonary disease (1 point each), hypertension (1
point), elderly (age >75 years, 2 points), systolic heart
failure (2 points), and thyroid disease (hyperthyroidism,
1 point)) includes hyperthyroidism as a predictive
factor (55). C,HEST was initially derived from a Chinese
general population cohort, including almost 500,000
individuals, and was later validated in multiple settings,
demonstrating adequate performance (49, 51, 56, 57).
Furthermore, C,HEST predicts 1-year AF and may be
applicable to patients with hyperthyroidism. Before
implementation in clinical practice, external validation
of C,HEST model in patients with hyperthyroidism is
of cardinal importance. Of note, a machine-learning
model for hyperthyroidism-related AF was developed
from a small retrospective cohort, including ten
hyperthyroidism-related predictors, such as the duration
of hyperthyroidism and the number of relapses (58).
Nevertheless, its performance needs evaluation in
larger independent databases.

In summary, evidence for prognostic models of
hyperthyroidism-related AF is limited. Until new
development studies of hyperthyroidism-specific
prognostic models or validation studies of already
existing ones are conducted, C,HEST may be apt for
clinical use in hyperthyroid patients for AF screening.

Management

Over the past decade, there has been a shift toward
a holistic and patient-centered approach in the
management of patients with AF. Current guidelines
support the Atrial Fibrillation Better Care (ABC)
pathway, a four-pillar approach based on an integrated
care, focusing on ‘A’ Avoid stroke/thromboembolism
prevention with anticoagulants drugs, ‘B’ Better rate
control with beta-blockers and rhythm control with
pharmacological and nonpharmacological interventions,
and ‘C’ Cardiovascular risk-factor and comorbidities
management (primary and secondary AF prevention)
(59, 60). Recent publications have highlighted the
potential benefits of this approach on AF patient
outcomes and quality of life (61, 62, 63, 64).
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General principles - management of
hyperthyroidism in hyperthyroid-related AF

Current guidelines and position papers for the
management of hyperthyroidism-related AF are based
on evidence from studies of low methodological quality
(e.g. observational, real-world), as hyperthyroidism
was an exclusion criterion in the majority of clinical
trials, and their findings may not be extrapolated to this
subgroup of AF patients (24, 45, 65). Hence, the level of
evidence is low, and the recommendations should be
applied with caution. Consequently, the management
of hyperthyroidism-related AF should follow, with some
exceptions, the same principles as those for the general
AF population (in accordance with the ABC pathway).

The first dimension to consider is that hyperthyroidism
is one of the modifiable risk factors for AF, and thus,
quick control and restoration of euthyroidism is the
sine qua non of treatment. As mentioned before,
up to two-thirds of patients with hyperthyroidism
convert instantly to sinus rhythm after achieving and
maintaining normal thyroid function in the long term
(18, 37). Appropriate therapeutic options are mainly
disease-specific, which in the case of thyrotoxicosis
with hyperthyroidism include antithyroid drugs,
radioiodine ablation, or thyroidectomy and depend on
individual patient characteristics and preferences (5,
66). However, there is limited evidence regarding the
optimal TSH targets for patients with hyperthyroidism
and AF; a TSH within the age-specific normal reference
range seems reasonable. Collaboration between
cardiologists and endocrinologists might be required
in the management of hyperthyroidism-related AF.

Another consideration is subclinical hyperthyroidism.
The management goals of patients with AF and
subclinical hyperthyroidism are similar to those
of patients with overt hyperthyroidism (67, 68).
However, evidence regarding treatment initiation
in patients with subclinical hyperthyroidism and AF
remains scarce (69). The decision to treat subclinical
hyperthyroidism is based primarily on age-, sex-, and
comorbidities-related factors (69, 70). As a general
rule, early treatment of subclinical hyperthyroidism is
recommended in patients aged 65 or older and/or in the
presence of cardiovascular or osteoporosis risk factors
(69, 70). Younger patients, with persistent TSH levels <0.1
mU/L, may also be candidates for treatment initiation.
It is noteworthy that these recommendations are based
on observational data (69, 70). In addition, owing to
the paucity of robust evidence, it remains unclear
whether treatment of subclinical hyperthyroidism
actually mitigates the risk of developing AF, leading
to a meaningful clinical benefit (69). Hence, large
randomized controlled trials are necessary to clarify
this question and to provide stronger evidence.

Antithyroid  drugs (methimazole (MMI) and
propylthiouracil (PTU)) are widely used in the
management of hyperthyroidism due to their inhibitory
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effect on thyroid hormone synthesis (71). MMI is still
favored over propylthiouracil because of its better
efficacy and safety profile (71). In contrast, PTU is the
preferred option in the first trimester of pregnancy
and in acute settings, as it has fewer serious teratogenic
effects and a more profound reduction in circulating
T3 levels (inhibition of peripheral conversion of T4 to
T3) (71). Notwithstanding the latter, recent evidence
suggests that methimazole may have comparable
effectiveness and adverse reactions to PTU in patients
with thyroid storm, posing dilemmas regarding the
choice of the most appropriate agent (72).

The Atrial Fibrillation Better Care pathway
in the management of hyperthyroidism-
related AF

The following section describes the management
of hyperthyroidism-related AF by adopting the
recommended ABC pathway (Fig. 1). As a general rule,
most approaches described for the general AF population
are also applicable to hyperthyroidism-related AF.

Better symptom control (rate vs rhythm control)
Increasing evidence highlights the central role of rhythm
control in the contemporary management of AF (73).
Traditionally, rate control has been favored in patients
with AF, whereas rhythm control is reserved for cases
with refractory AF symptoms (24, 74). Given the current
collection of evidence from large contemporary RCTs,
early rhythm control with antiarrhythmic drugs or
ablation and subsequent restoration of sinus rhythm
is associated with improved survival compared to rate
control (73, 75). Moreover, multiple studies have shown
that rhythm control strategies improve the quality of life
in patients with AF (52). However, thus far, the specific
correlation between hyperthyroidism-related AF and
quality of life has not been studied.

A  major difference in the management of
hyperthyroidism-related AF is that rhythm control has
a secondary role, as hyperthyroidism-related AF is self-
limiting in the majority of cases, and it is reserved for
casesof persistent AF (24,45). On the contrary, rate control
in combination with antithyroid drugs is the mainstay
of initial treatment (66). Beta-blockers are usually
required as first-choice options to control the ventricular
response (optimal target <110 bpm) and symptoms of
hyperthyroidism caused by increased beta-adrenergic
tone, and to prevent subsequent cardiomyopathy (76).
Nonselective beta-blockers, such as propranolol, are
widely used in hyperthyroid patients as they also inhibit
the peripheral conversion of T4 to T3 (77, 78). The latter
may be of interest in states of acute hyperthyroidism,
such as thyroid storm because rapid and aggressive
therapies are preferred. Propranolol is a short-acting
beta-blocker that should be administered at 10-40 mg
three to four times per day, and it is the preferred agent
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restore euthyroidism

choose between the 3 treatment options:
antithyroid drugs
radioactive iodine ablation
surgery

‘B’ better symptom control

rate control strategy (HR<110bpm)
(beta blockers for symptoms/heart rate)
hemodynamically unstable AF
persistent AF after establishment of euthyroidism

‘B’ better symptom control recurrent AF when the patient is euthyroid

rhythm control - cardioversion

after euthyroid state is reached
& 3 weeks of OAC or
TOE to exclude LA thrombus before ablation

‘A Stroke/Thrombosis
Prevention
with anticoagulations

evaluate stroke risk using

Step 1. Identify low-risk patients
[CHA2DS2-VASc O (males), or 1 (females)]
who do not need antithrombotic therapy

In patients with AF initially at low risk of
stroke, first reassessment after 4 - 6 months

Step 2. Offer stroke prevention (i.e. OAC)
when >1 non-sex stroke risk factors
score =1 (males) or =2 (females)
consider OAC
high risk (score =2 (males) or 3 (females)):
maybe long-term OAC
even after achieving euthyroidism

Step 3. Choose OAC
NOAC vs warfarin

equally effective
maybe NOAC more safe

‘C’ Cardiovascular risk factors
and concomitant diseases

Manage hypertension, heart failure, diabetes
mellitus, cardiac ischemia, and sleep apnea

Lifestyle modification: reduction of obesity,

detection and management . " . -
alcohol and stimulant use, regular exercise

of the risk factors

Consider patient psychological morbidity,
values and preferences

Figure 1

Flowchart of clinical management of patients with new-onset atrial
fibrillation and hyperthyroidism. CHA,DS,-VASc score (one point for the
presence of congestive heart failure, hypertension, age between 65 and
74 years, female sex, diabetes, and vascular disease, and two points for
being older than 75 years and previous stroke). HR, heart rate; OAC, oral
anticoagulation; TOE, trans-esophageal echocardiography; LA, left
atrium; AF, atrial fibrillation; NOAC, non-vitamin-K-antagonist oral
anticoagulants (novel direct oral anticoagulants).

for pregnant women. Its once-daily extended-release
formulation can also be used, providing clinically
significant sustained beta-adrenoceptor blockade and
offering the potential for better compliance (52). In case
of contradictions (e.g. asthma and chronic obstructive
pulmonary disease), other agents can be used instead
(calcium-channel blockers, digoxin) (76).

Hyperthyroidism-related AF wusually has a lower
recurrence rate than non-hyperthyroidism-related
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AF, as previously reported (24, 45). Predictors of
persistent AF include older age, longer AF duration,
and uncontrolled hyperthyroidism (39, 45). In patients
with persistent AF for at least 4-6 months after
euthyroidism is achieved, rhythm control may be a
reasonable option, especially if conversion to sinus
rhythm is desired (45, 79). Pharmacological or electrical
cardioversion restores sinus rhythm in approximately
90% of the patients with hyperthyroidism-related AF
(80). Notably, observational data suggests that sinus
rhythm is maintained in the majority of patients
even after a 6-year interval (80). A minimum 4-month
duration of euthyroidism and a minimum 3-week
treatment of anticoagulation due to the concern of atrial
stunning (unless transesophageal echocardiography
excludes the presence of thrombus in the left atrium) are
prerequisites for successful cardioversion (45). Urgent
cardioversion may also be considered in cases of
hemodynamic instability. Furthermore, surgical
or catheter ablation is also recommended for AF
refractory to aggressive rate and rhythm control,
as long as normal thyroid function is established
and the stimulus to induce AF is no longer present
(45). However, the evidence regarding its efficacy
is limited and conflicting. Few studies reported that
ablation in patients with hyperthyroidism-induced AF
is as effective as that in non-hyperthyroidism-related
AF, while others suggested that the recurrence rate
was higher in patients with hyperthyroidism and
AF than those without hyperthyroidism (79, 81, 82,
83, 84, 85). Potential contributors to inconsistency
include the small sample size, the observational study
design, and the different etiology of hyperthyroidism.
The main predictor of AF recurrence after successful
cardioversion is long duration of the revious AF.

Class IA, IC, and II antiarrhythmic drugs (e.g.
flecainide, propafenone, ibutilide, and vernakalant)
are commonly used in clinical practice (24).
Nevertheless, definite evidence regarding their efficacy
in hyperthyroidism-related AF per se is lacking, as
individuals with secondary AF were excluded from the
respective clinical trials (45). Amiodarone, an iodine-
rich potent antiarrhythmic drug, is commonly used for
rhythm control. However, it is also associated with an
increased risk of thyroid dysfunction (subclinical and
overt hypo/hyperthyroidism) (5, 86). The occurrence
of either hypothyroidism or hyperthyroidism usually
depends on the underlying thyroid dysfunction and
iodine status of an individual (5, 24, 45). Amiodarone-
induced thyrotoxicosis is further subdivided into
type 1 (underlying autoimmune hyperthyroidism
or multinodular goiter) and type 2 (destructive
thyroiditis) thyrotoxicosis (5, 24, 45). The development
of amiodarone-induced thyrotoxicosis is difficult
to predict, and baseline and periodic monitoring of
thyroid function is usually warranted (5, 24, 45). Due
to the paucity of data, the prescription of amiodarone
for hyperthyroidism-related AF is discouraged and
should be discontinued if hyperthyroidism develops,
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if the cardiological status allows (24, 45). In contrast,
amiodarone may have a place in the therapeutic
armamentarium of thyroid storm, along with
antithyroid drugs and beta-blockers (24, 45).

Stroke/thrombosis prevention

with anticoagulations

There is still no consensus on the necessity for
thrombosis prevention in patients with hyperthyroidism-
related AF, as reflected in the current guidelines
(24, 45). First, data from epidemiological studies
do not provide clear evidence of the association
between hyperthyroidism, stroke, and systemic
thrombosis. Hyperthyroidism is associated with a
hypercoagulable state, as elevated levels of different
clotting factors have been reported in individuals with
hyperthyroidism (87). Thus, it is reasonable to speculate
that hyperthyroidism per se may be implicated in the
occurrence of stroke/systemic embolism irrespective
of AF. However, a retrospective cohort study failed
to find an increased risk of stroke in hyperthyroid
subjects (88) and the findings regarding specifically
the hyperthyroidism-related AF in the existing
literature are inconsistent (Table 2). In fact, three
studies demonstrated that hyperthyroidism-related AF
is associated with an increased risk of stroke within
months since diagnosis compared to AF without
hyperthyroidism (89, 90, 91). On the contrary, a
prospective observational study from Sweden including
nearly 180,000 patients from a large nationwide
registry reported that hyperthyroidism was not an
independent risk factor for stroke, which was also
documented in a more recent, but relatively smaller,
retrospective study (92, 93). Similarly, three real-world
studies found that patients with hyperthyroidism-
related AF had a lower risk of stroke than those with
non-hyperthyroidism-related AF (94, 95, 96). These
discrepancies may be attributed to the different study
design, sample size, and baseline risk of the included
cohorts, as well as the different proportions of patients
receiving anticoagulation therapy. Another possible
explanation may be that, in most studies, TSH was
evaluated only at one-time point, which may not have
captured the possible resolution of hyperthyroidism
during follow-up. Consequently, current clinical
guidelines do not incorporate hyperthyroidism as
an independent stroke risk factor in nonvalvular
AF (24, 45).

Second, most cases of hyperthyroidism-related AF are
transient, with spontaneous conversion to sinus rhythm
after normal thyroid function is restored. Furthermore,
hyperthyroidism-related AF has a lower recurrence
rate than that of non-hyperthyroidism-related AF
(79). Hence, long-term anticoagulation therapy may
be unnecessary and represents a matter of discussion
among experts. In fact, no RCT has investigated
the potential benefits and harms of long-term
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anticoagulation therapy in this subgroup (Table
2). Notwithstanding the latter, conducting such an
RCT may raise ethical considerations, considering
the proven benefit of this intervention in the general
AF population.

Given the clinical uncertainty regarding the benefits
and harms of anticoagulation in patients with
hyperthyroidism-related AF, a recommendation on
whether to initiate anticoagulation appears warranted.
As in other patients with AF, CHA,DS,-VASc and
HAS-BLED scores are recommended to guide therapeutic
decisions in hyperthyroidism-related AF. The CHA,DS,-
VASc score (one point for the presence of congestive
heart failure, hypertension, age between 65 and 74
years, female sex, diabetes, and vascular disease, and
two points for being older than 75 years and previous
stroke — Fig. 2) is a multiple-validated risk stratification
score for estimating stroke risk for nonvalvular
atrial fibrillation in adults (97, 98). CHA,DS,-VASc can
accurately identify low- and high-cardioembolic risk
patients and thus prioritize thromboembolic prevention
in those with higher risk (>1 men or >2 women) (24, 45).
Taking into account that all anticoagulant drugs that
reduce thrombotic risk simultaneously increase the
risk of bleeding, this risk should be evaluated before
initiating oral anticoagulants. A number of bleeding risk
scores have been developed and validated. HAS-BLED
(hypertension >160, abnormal renal function; creatinine
>2.26 mg/dL, abnormal liver function; cirrhosis or
bilirubin >2x normal with AST/ALT/AP >3x normal,
stroke, bleeding or predisposition to bleeding, labile
INR, age >65, medications predisposing to bleeding,
alcohol use) is a widely used prognostic model for
bleeding risk assessment of patients with AF (99, 100).
A score >3 indicates a high bleeding risk; hence, the
initiation of anticoagulation should be reconsidered in
high-risk individuals (24, 45). These recommendations
are consistent with the findings of a recent
meta-analysis of observational studies in patients with
hyperthyroidism-related AF (101). Tng et al. reported
that anticoagulation mitigates the risk of ischemic
stroke and systemic thromboembolism by 3% (95% CI:
1-6%) in patients with hyperthyroidism-related AF,
CHA,DS,-VASc >1, and persistent AF compared to no
anticoagulation (101). Nevertheless, the certainty of
evidence is very low according to the GRADE framework.
No study included in the meta-analysis compared
the bleeding risk between anticoagulation versus no
anticoagulation (Table 2).

It should be acknowledged, though, that these scores
were not developed in patients with hyperthyroidism-
related AF, and consequently, they may overestimate
or underestimate the risk of stroke/bleeding. Concerns
about their applicability in hyperthyroidism-related
AF have been raised in a small number of external
validation studies (102, 103). Thus, their performance
and generalizability should be evaluated in future real-
world studies, enhancing our confidence in predictions.
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Figure 2
The CHA,DS,-VASc score for AF stroke risk.

The uncertainty regarding the potential clinical benefit
of anticoagulation on patients with hyperthyroidism-
related AF is depicted among different published
guidelines. The ESC 2020 guidelines recommend that
patients with hyperthyroidism-related AF should be
managed following the same principles as in the general
AF population by calculating the thromboembolic risk
with CHA,DS,-VASc (24). Along the same line, the recent
2023 American College of Cardiology/American Heart
Association/American College of Clinical Pharmacy/
Heart Rhythm Society guideline recommended
anticoagulation for patients in a hyperthyroid state,
based on the estimated annual thromboembolic risk
(CHA,DS,-VASc risk factors) (52). In contrast, the
Canadian Cardiovascular Society/Canadian Heart
Rhythm Society favors anticoagulating hyperthyroid
patients with warfarin until the euthyroid state is
restored (weak recommendation/low quality) (104).

There are different therapeutic options for thrombosis
prevention in patients with AF and hyperthyroidism.
Warfarin, a vitamin-K antagonist, maybe a reasonable
first-line treatment for stroke prevention when
indicated. According to the observational study by
Chan et al, warfarin therapy was associated with
an almost 70% lower risk for stroke in patients with
hyperthyroidism-related AF, CHA,DS,-VASc score >2,
and persistent AF compared to no treatment (HR: 0.33;
95% CI: 0.12, 0.91) (94). In contrast, another retrospective
study found no benefit of warfarin in stroke prevention
(adjusted HR: 1.16; 95% CI: 0.52-2.56) (105). However,
the patients had new-onset AF and a lower CHA,DS,-
VASc score (mean score: 2) than the study by Chan et al,
including a population with less disease severity and
lower thromboembolic risk. Physicians should be aware
that hyperthyroidism enhances the degradation of
vitamin K-related clotting factors, and thus the response
to warfarin (106, 107). In other words, patients with
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hyperthyroidism may require lower doses to achieve
and maintain INR within the therapeutic range (107).
Hence, periodic monitoring of warfarin treatment and
subsequent dose adjustments based on the INR are of
cardinal importance. Additionally, evidence regarding
the use of the novel direct oral anticoagulants (DOACs)
is scarce and inconsistent. Real-world data suggest
that treatment with DOACs is at least as beneficial as
warfarin in patients with hyperthyroidism and AF (HR:
1.25; 95% CI: 0.88, 178) but with a lower bleeding risk (HR:
0.65; 95% CI: 0.44-0.96) (65). On the contrary, a post hoc
analysis of ARISTOTLE including only 321 participants
with new-onset AF and a history of hyperthyroidism
found no benefit of apixaban on bleeding risk compared
to warfarin (HR: 047; 95% CI: 0.14-1.57) (108).
In conclusion, there is clinical uncertainty regarding
the benefittharm ratio of DOACs in patients with
hyperthyroidism-related AF (101).

Cardiovascular risk factors and concomitant
diseases: detection and management

The holistic approach recommended for the general AF
population may also be applicable to hyperthyroidism-
related AF (24, 45, 109). Thus, optimal management of
comorbidities (hypertension, heart failure, diabetes,
obesity) and modifiable risk factors (smoking and
alcohol consumption), adopting a healthier lifestyle,
and appropriate treatment with the goal of mitigating
residual cardiovascular risk is of paramount importance
(24, 45, 109).

Conclusion (Box 2)

Clinical evidence shows that not only overt
hyperthyroidism but also subclinical hyperthyroidism
and high-normal FT4 are associated with a significant
risk of atrial fibrillation. The prevalence of AF among
hyperthyroid patients is between 5% and 15%.

Hyperthyroidism is a reversible cause of AF, and the
majority of patients with hyperthyroidism-related AF
are expected to revert spontaneously to sinus rhythm
in 4-6 months after restoration of euthyroidism is
achieved. Therefore, quick restoration of euthyroidism
is fundamental in the management of hyperthyroidism-
related AF. In addition, rate control with beta-blockers
plays a primary role in better symptom management,
reserving rhythm control in cases of persistent AF,
as opposed to the management of non-hyperthyroidism-
related AF. Given that the findings in the existing
literature regarding the risk of stroke and systemic
embolism are inconsistent, the decision on whether
to start anticoagulation therapy follows the same
recommendations as in other AF patients and is based
on the CHA,DS,-VASc and HAS-BLED scores, which assess
the risk of systemic embolization, stroke, and bleeding
in patients suffering from AF. Recent data suggest that
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Box 2 Key points.

- AF is the most common cardiac condition
associated with hyperthyroidism.

- The prevalence of AF among patients with HT
is 5-15%, compared with 1-3% of the general
population.

- Risk factors of AF in hyperthyroid patients are
age, male sex, diabetes, heart failure, and valve
disease.

- Hyperthyroidism is a reversible cause of AF.
Approximately two-thirds of hyperthyroid
patients will spontaneously return to sinus
rhythm after controlling the hyperthyroid
status. Return to sinus rhythm occurs in 4-6
months.

- Achieving euthyroidism is the most crucial step
in the management of hyperthyroidism-related
AF.

- Rate control is the mainstay of initial
symptomatic treatment, while rhythm control
has a secondary role in hyperthyroidism-
related AF (reserved in cases of persistent and
recurrent AF and in hemodynamically unstable
AF).

- There is no clear evidence whether the
risk of stroke/thromboembolism in case of
hyperthyroidism-related AF ishigher compared
with non-hyperthyroidism-related AF.

- Thedecisionwhetherornottouseanticoagulant
therapy to prevent stroke in patients with
hyperthyroidism-related AF should be guided
by the CHA,DS,-VASc and HAS-BLED scores,
as in other patients with AF.Novel direct oral
anticoagulants (DOAC) are equally effective as
warfarin while they may have a safer profile.

warfarin and DOACs are equally beneficial, but DOACs
might be associated with a lower incidence of bleeding.

More research is needed regarding risk factors and
prevention of hyperthyroidism-related AF, as well as of
AF in individuals with high-normal FT4. Future studies
on unresolved issues like the risk of stroke and systemic
embolism in hyperthyroidism-related AF and the
comparison between warfarin and DOACs are necessary
to establish optimal management strategies to prevent
these conditions.
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