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Prevalence and Clinical Determinants
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Abstract

Background: Atrial fibrillation (AF) is a frequent but variably re-
ported complication of thyrotoxicosis, with mechanisms that extend 
beyond thyroid hormone excess. Clarifying its prevalence and deter-
minants may guide early detection and management.

Methods: We conducted a retrospective cross-sectional study of 
adults with thyrotoxicosis. Clinical, biochemical, and electrocardio-
graphic data were reviewed. Associations between variables and AF 
were assessed using generalized linear models with robust errors, and 
results expressed as adjusted odds ratios (ORs) with 95% confidence 
intervals (CIs).

Results: Among 801 patients with thyrotoxicosis, 65 had AF, yield-
ing a prevalence of 8.1% (95% CI: 6.3 - 10.2). Compared with non-
AF patients, those with AF were older, more often male (48% vs. 
20%), and more frequently had chronic kidney disease, dyslipidemia, 
diabetes, heart failure (HF), cerebrovascular disease, and thyroid cri-
sis (all P < 0.01). In multivariable analysis, independent determinants 
included age 35 - 60 years (adjusted OR 5.48; 95% CI: 2.03 - 14.83), 
age > 60 years (adjusted OR 11.39; 95% CI: 3.43 - 37.76), male sex 
(adjusted OR 3.38; 95% CI: 1.70 - 6.30), HF (adjusted OR 11.25; 
95% CI: 2.85 - 44.54), and thyroid crisis (adjusted OR 61.84; 95% 
CI: 21.89 - 181.32). Thyroid hormone levels were not independently 
associated with AF.

Conclusion: AF was observed in approximately 8% of patients with 
thyrotoxicosis. The findings suggested that clinical vulnerabilities - 

older age, male sex, HF, and thyroid crisis - were more strongly asso-
ciated with AF than thyroid hormone levels. These results supported 
targeted AF screening in high-risk thyrotoxic patients and indicated 
that rhythm management should consider patient susceptibility along-
side restoring euthyroidism.
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Introduction

Atrial fibrillation (AF) is the most common sustained cardiac 
arrhythmia worldwide, contributing substantially to morbidity 
and mortality through heart failure (HF) and thromboembolic 
complications [1-3]. Its risk factors are diverse, including ad-
vancing age, hypertension, diabetes, structural heart disease, 
and endocrine disorders, among which thyrotoxicosis has long 
been recognized as a precipitating condition [2, 3].

The association between thyrotoxicosis and AF, however, 
is complex and not universal. Not all patients with thyrotoxi-
cosis develop AF. Clinical severity, such as marked hormone 
excess, thyroid crisis, or long-term exposure, may increase ar-
rhythmic risk through sympathetic activation and atrial electri-
cal remodeling, yet evidence for direct causality remains in-
conclusive [3-5]. Similarly, when AF is observed in the context 
of thyrotoxicosis, it cannot be assumed that thyroid dysfunc-
tion is the sole trigger. Other risk factors, such as male sex, 
older age, HF, and concomitant cardiovascular comorbidities, 
often contribute [4, 6].

Another key issue concerns reversibility. Restoration of 
euthyroidism may promote reversion to sinus rhythm in some 
patients, but AF persists in many others, suggesting the pres-
ence of irreversible structural or electrical substrates that are 
independent of thyroid hormone status [7-9]. From a health-
care perspective, prolonged hospitalization in thyrotoxic pa-
tients with AF also carries substantial resource and cost impli-
cations, underscoring the importance of early recognition and 
targeted management strategies [10]. At a biological level, AF 
in thyrotoxicosis likely reflects not only hemodynamic chang-
es but also complex molecular involvement, reminiscent of 
broader concepts of tissue injury and repair observed in other 
organ systems [11].
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Epidemiological studies have reported a prevalence of 
AF in thyrotoxicosis ranging from 5% to 15%, higher than in 
the general population [1, 12-14]. In this study, we observed a 
prevalence of approximately 8%, with significant associations 
identified for male sex, older age, higher body mass index, HF, 
and thyroid crisis. Importantly, these associations should be 
interpreted as correlations rather than direct causality.

The objective of this study was to clarify the prevalence 
and clinical determinants of AF in patients with thyrotoxico-
sis, with a particular emphasis on identifying overlapping, 
potentially modifiable factors that may enhance rhythm re-
covery. This approach highlights that while the link between 
thyrotoxicosis and AF appears straightforward, there remain 
important knowledge gaps with significant clinical implica-
tions.

Materials and Methods

Study design and setting

This retrospective cross-sectional study was conducted at 
Burapha University Hospital, Chonburi Province, Thailand, 
a regional tertiary medical center. Medical records were re-
viewed for all patients diagnosed between April 1, 2019, and 
April 1, 2024.

Ethical approval and participants

This study was approved by the Institutional Review Board 
of Burapha University (approval no. HS091/2567), and was 
conducted in accordance with the principles of the Declaration 
of Helsinki.

Eligible participants were adults aged ≥ 18 years with a 
confirmed diagnosis of thyrotoxicosis, defined according to the 
International Classification of Diseases, 10th Revision (ICD-
10 code: E05). Patients were excluded if they 1) had received 
amiodarone prior to the diagnosis of thyrotoxicosis, because 
the medication can independently alter thyroid hormone levels 
and atrial electrophysiology (e.g., suppression of AF episodes 
or induction of amiodarone-induced thyrotoxicosis), making 
it difficult to attribute AF directly to the thyrotoxic state, or 2) 
had incomplete clinical records. All eligible patients during the 
study period were included.

Sample size calculation

The minimum required sample size was calculated using the 
formula for simple logistic regression with a binary independ-
ent variable. Based on hospital records, approximately 1,160 
patients with thyrotoxicosis were treated between 2019 and 
2024. Literature review indicated that the prevalence of AF 
among thyrotoxic patients ranges from 5% to 15%; a preva-
lence of 7% was used for estimation [1, 15, 16]. With a 95% 
confidence level (Z = 1.96), α = 0.05, and error (d) = 0.01, the 
required sample size was 793 patients.

Data collection

Data were extracted from hospital medical records. Collected 
variables included: 1) Demographic and baseline clinical 
data: age, sex, weight, height, body mass index (BMI), blood 
pressure, heart rate, comorbidities (e.g., diabetes mellitus 
(DM), hypertension, ischemic heart disease, chronic kidney 
disease (CKD)), smoking and alcohol consumption, and ad-
mission status (inpatient vs. outpatient). 2) Thyrotoxicosis-
related data: date and age at diagnosis, presenting symptoms 
(palpitation, tremor, irritability, heat intolerance, sweating, 
goiter, eye signs such as exophthalmos, lid lag, lid retraction), 
presence of thyroid crisis, etiology (Graves’ disease, toxic 
adenoma, multinodular goiter, thyroid-stimulating hormone 
(TSH)-secreting adenoma, drug-induced), and treatments 
received (antithyroid drugs, radioactive iodine ablation, thy-
roidectomy, beta-blockers, corticosteroids). 3) AF data: date 
and age at diagnosis, temporal relationship to thyrotoxico-
sis diagnosis, clinical manifestations (palpitation, dizziness, 
chest pain, dyspnea, or asymptomatic), CHA2DS2-VASc 
score, treatment (beta-blockers, digoxin, amiodarone, anti-
coagulants), and complications (stroke, transient ischemic 
attack, systemic thromboembolism). Patients with structural 
heart disease (e.g., valvular heart disease, congenital heart 
disease) or chronic lung disease requiring beta-2 agonists 
were excluded to minimize confounding causes of AF. AF 
subtype (paroxysmal vs. persistent/permanent) was recorded 
when explicitly documented in the medical record; cases 
without clear subtype documentation were classified simply 
as AF. 4) Laboratory data: complete blood count (white blood 
cell (WBC), hemoglobin, hematocrit), renal function (blood 
urea nitrogen, serum creatinine), serum electrolytes, thyroid 
function tests (TSH, free T3, free T4), and glycated hemo-
globin (HbA1c), as recorded in hospital medical records and 
performed according to routine clinical practice. 5) Electro-
cardiography (ECG): 12-lead ECG findings at the time of 
thyrotoxicosis diagnosis. In accordance with national prac-
tice, an ECG was performed in all patients in whom AF was 
identified, as ECG confirmation is required for AF diagnosis. 
However, ECG was not routinely performed in all patients 
with thyrotoxicosis unless clinically indicated, and AF detec-
tion therefore depended on clinically driven ECG acquisition 
rather than universal screening.

Definitions and terms

Thyrotoxicosis was defined as clinical symptoms and signs 
attributable to thyroid hormone excess, with elevated serum 
free T4 and/or free T3 levels and abnormal TSH levels. Etiol-
ogy was determined from medical records, including Graves’ 
disease, toxic adenoma, multinodular goiter, and drug-induced 
thyrotoxicosis [17-19].

Thyroid crisis (thyroid storm) was defined as an acute, 
life-threatening exacerbation of thyrotoxicosis characterized 
by decompensated organ dysfunction. In this study, thyroid 
crisis was identified based on physician documentation in the 
medical records, supported by compatible clinical features 
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such as high fever, tachyarrhythmia, altered mental status, HF, 
or gastrointestinal/hepatic dysfunction, consistent with estab-
lished diagnostic criteria (e.g., Burch-Wartofsky Point Scale > 
45, or Japanese Thyroid Association definition) [17-19].

AF was defined as atrial fibrillation confirmed by ECG 
interpretation from cardiologists. In line with national clinical 
practice in Thailand, which mandates thyroid function testing 
at the first presentation of AF, this study included only cases 
in which AF was newly identified during the same clinical en-
counter as the thyroid evaluation, or when AF prompted the 
diagnostic workup that led to the identification of thyrotoxi-
cosis. Patients with clearly documented AF occurring before 
the thyrotoxicosis episode, or with paroxysmal/chronic AF 
that had been present for years prior to the thyroid assessment, 
were excluded to ensure that only AF occurring in the clinical 
context of thyrotoxicosis was included [15, 20].

HF was defined according to the treating physician’s diag-
nosis as documented in the medical records, based on clinical, 
echocardiographic, or other relevant investigations available 
at the time of care. No additional adjudication was performed 
in this study.

CKD was defined according to physician documentation 
in the medical records, with estimated glomerular filtration 
rate (eGFR) calculated using the CKD-EPI equation.

DM, in this study, referred exclusively to type 2 DM (non-
insulin-dependent, NIDDM), including patients receiving oral 
hypoglycemic agents or insulin therapy. Patients with type 1 
DM (insulin-dependent, IDDM) were excluded.

Coronary artery disease (CAD) was defined as a docu-
mented history of significant CAD requiring revascularization 
(percutaneous coronary intervention or coronary artery bypass 
grafting), as recorded in the medical records. Patients with 
only chest pain or suspected angina without objective evidence 
were not classified as CAD.

Old cerebrovascular accident (old CVA) was defined as 
a history of ischemic or hemorrhagic stroke requiring hospi-
talization, with supportive findings on brain computed tomog-
raphy (CT) confirming the diagnosis, as documented in the 
medical records.

Statistical analysis

Data analysis was performed using Stata version 17.0 (Stata-
Corp, College Station, TX, USA). Continuous variables were 
checked for distributional normality and are presented as mean 
± standard deviation (SD) when normally distributed, or as 
median with interquartile range (IQR) when skewed. Categor-
ical variables are expressed as frequencies and percentages. 
Baseline characteristics were compared between patients with 
and without AF using the independent t-test or Mann-Whitney 
U test for continuous data, and Chi-square test or Fisher’s ex-
act test for categorical data.

To identify clinical determinants of AF in thyrotoxic pa-
tients, generalized linear models (GLM) with a log link and 
Poisson distribution with robust standard errors were applied. 
This method was chosen to provide adjusted odds ratios (ORs) 
with 95% confidence intervals (CIs), which are widely used 

for risk estimation in observational studies and allow for ad-
justment of multiple covariates. The GLM framework also ac-
commodates predictors that may represent intermediate clini-
cal states, thereby reducing the risk of effect overestimation 
and improving the validity of associations. Both univariable 
and multivariable analyses were performed, with results re-
ported as ORs and 95% CIs. A two-sided P value of < 0.05 was 
considered statistically significant.

In addition, we clarified that the GLM with binomial fam-
ily and logit-link function is mathematically equivalent to 
traditional logistic regression. It was selected to allow greater 
modeling flexibility, particularly when incorporating predic-
tors with non-linear patterns or intermediate clinical states, 
while still producing interpretable adjusted ORs comparable 
to standard logistic regression.

Results

Patient selection and prevalence

We included 801 patients with thyrotoxicosis and complete 
records; 65 had concomitant AF and 736 did not, yielding an 
AF prevalence of 8.11% (95% CI, 6.32 - 10.23). The cohort 
comprised 21.85% males (n = 175) and 78.15% females (n = 
626). The process of patient selection is illustrated in Figure 1.

Baseline characteristics

AF patients were older (57.11 ± 15.59 vs. 41.75 ± 15.31 years; 
P < 0.001) and had a higher age at thyrotoxicosis diagnosis 
(51.68 ± 15.35 vs. 36.33 ± 15.38 years; P < 0.001). BMI, sys-
tolic blood pressure, and heart rate did not differ significantly 
(all P > 0.05), while diastolic blood pressure was higher with 
AF (76.38 ± 13.34 vs. 72.98 ± 11.42 mm Hg; P = 0.023).

Comorbidities and thyroid-related factors

AF was associated with higher rates of CKD, dyslipidemia, 
chronic HF, hypertension, and valvular heart disease (all P < 
0.001). Thyroid crisis was more frequent in AF (30.77% vs. 
1.63%; P < 0.001). Thyrotoxicosis etiologies did not differ 
between groups (P = 0.573). As summarized in Table 1, AF 
patients were older, carried more cardiovascular/metabolic co-
morbidities, and more often had thyroid crisis, while baseline 
thyroid etiologies were comparable.

Laboratory findings

Renal function

Patients with AF showed impaired renal function compared 
with those without AF. Mean blood urea nitrogen (BUN) was 
higher in the AF group (16.25 ± 11.28 vs. 12.32 ± 5.67 mg/



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   https://jocmr.elmerjournals.com 719

Koowattanatianchai et al J Clin Med Res. 2025;17(12):716-725

dL; P = 0.001), as was serum creatinine (1.11 ± 1.54 vs. 0.72 ± 
0.25 mg/dL; P < 0.001), while mean eGFR was lower (84.77 ± 
29.30 vs. 101.29 ± 26.49 mL/min/1.73 m2; P < 0.001).

Thyroid function

The AF group had significantly lower mean FT3 levels (11.37 
± 8.48 vs. 14.16 ± 9.76 ng/mL; P = 0.027). No significant dif-
ferences were observed in FT4 or TSH levels between groups.

Hematology and biochemistry

No significant differences were found in hematocrit, hemo-
globin, HbA1c, or serum electrolytes (sodium, potassium, 
chloride, bicarbonate) between the two groups.

In summary, laboratory results indicated that patients with 
AF were more likely to exhibit reduced renal function and 
lower FT3 levels compared with non-AF patients, while other 

hematologic and biochemical parameters were comparable. 
Detailed comparisons are provided in Table 2.

Treatment patterns

Analysis of medication use (Supplementary Material 1, jocmr.
elmerjournals.com) revealed clear differences between pa-
tients with AF and those without AF.

Cardiovascular and anticoagulant therapy

In the AF group, warfarin (24.62%) and beta-blockers 
(78.69%) were frequently prescribed, whereas no patients in 
the non-AF group received these agents. Similarly, AF patients 
more often received digoxin (20%), amiodarone (11.67%), and 
other anticoagulants (38.33%). The use of diuretics was also 
significantly higher in the AF group, including furosemide 
(12.31% vs. 0.54%; P < 0.001) and spironolactone (7.69% vs. 

Figure 1. Flow diagram of patient selection. A total of 1,160 patients with thyrotoxicosis were screened, exceeding the minimum 
required sample size, and 801 were included in the final analysis.

https://jocmr.elmerjournals.com
https://jocmr.elmerjournals.com
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0.41%; P < 0.001). In addition, aspirin (10.77% vs. 1.09%; P 
< 0.001) and omeprazole (7.69% vs. 0.95%; P = 0.002) were 
more commonly prescribed in the AF group.

Antithyroid and adjunctive therapy

Use of methimazole (MMI) was less frequent among AF pa-
tients compared with non-AF patients (89.23% vs. 96.60%; P 
= 0.013). By contrast, propylthiouracil (PTU) use was higher 

in AF patients (30.77% vs. 11.20%; P < 0.001), potentially re-
flecting greater disease severity or complications necessitating 
a switch from MMI to PTU. Corticosteroid use was also more 
common in the AF group (15.38% vs. 2.05%; P < 0.001).

Other medications

Patients with AF were more likely to receive additional agents 
for comorbidity management, including antihypertensives 

Table 1.  Clinical Characteristics of Patients With Thyrotoxicosis, Stratified by Atrial Fibrillation Status

Baseline characteristics AF (n = 65) Non-AF (n = 736) P-value
Sex, n (%) < 0.001
    Female 34 (52.31) 592 (80.43)
    Male 31 (47.69) 144 (19.57)
Age at thyrotoxicosis diagnosis (years), mean ± SD 52 ± 15.35 36 ± 15.38 < 0.001
Body mass index, n (%) 0.177
    Underweight (< 18.5 kg/m2) 7 (10.77) 119 (16.21)
    Normal (18.5 - 22.9 kg/m2) 26 (40.00) 347 (47.28)
    Overweight (23.0 - 27.4 kg/m2) 22 (33.85) 199 (27.11)
    Obese (> 27.5 kg/m2) 10 (15.38) 69 (9.40)
Systolic pressure at diagnosis, mean ± SD 132 ± 20.51 128 ± 15.95 0.054
Diastolic pressure at diagnosis, mean ± SD 76 ± 13.34 73 ± 11.42 0.023
Heart rate at diagnosis, mean ± SD 97 ± 24.19 100 ± 20.58 0.179
Coronary artery disease, n (%) 2 (3.08) 8 (1.09) 0.192
Chronic kidney disease, n (%) < 0.001
    Stage 1 24 (36.92) 233 (31.16)
    Stage 2 16 (24.62) 93 (12.61)
    Stage 3 6 (9.23) 21 (2.85)
    Stage 4-5 2 (3.08) 2 (0.27)
Cerebrovascular disease, n (%) 11 (16.92) 6 (0.82) < 0.001
Dyslipidemia, n (%) 19 (29.23) 78 (10.60) < 0.001
Diabetes mellitus, n (%) 14 (21.54) 38 (5.16) < 0.001
Heart failure, n (%) 10 (15.38) 4 (0.54) < 0.001
Hypertension, n (%) 27 (41.54) 86 (11.68) < 0.001
History of thyroid crisis, n (%) 20 (30.77) 12 (1.63) < 0.001
Etiology 0.573
    Graves’ disease 60 (92.31) 629 (85.46)
    Drug-induced thyroiditis 1 (1.54) 3 (0.41)
    Hashimoto thyroiditis 0 (0) 12 (1.63)
    Thyroid adenoma 1 (1.54) 10 (1.36)
    Thyroid cancer 0 (0) 1 (0.14)
    Thyroid multinodular goiter 0 (0) 9 (1.22)
    Thyroid nodule 0 (0) 23 (3.13)
    TSH-producing adenoma 0 (0) 1 (0.14)
    Gestational transient thyrotoxicosis 0 (0) 1 (0.14)
    Unknown 3 (4.62) 47 (6.39)

AF: atrial fibrillation; SD: standard deviation.
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(e.g., amlodipine, manidipine) and metabolic drugs (e.g., met-
formin, simvastatin), consistent with the higher burden of hy-
pertension, chronic HF, and dyslipidemia in this group.

Risk factor analysis

Using GLM with logistic regression (covariates shown in Ta-

bles 1 and 2; results summarized in Table 3 and Fig. 2), several 
factors were independently associated with AF in patients with 
thyrotoxicosis. Increasing age at diagnosis was a strong pre-
dictor: compared with patients younger than 35 years, those 
aged 35 - 60 years had over a fivefold higher risk of AF (ad-
justed OR = 5.48; 95% CI: 2.03 - 14.83; P = 0.001), while 
patients older than 60 years showed an elevenfold greater risk 
(adjusted OR = 11.39; 95% CI: 3.43 - 37.76; P < 0.001). Male 

Table 3.  Prognostic Factors Associated With AF Among Thyrotoxicosis Patients

Prognostic factors Crude OR (95% CI) Adjusted OR (95% CI) P-value (adjusted model)
Age of diagnosis (years)
    < 35 1 1
    35 - 60 5.35 (2.55 - 11.24) 5.48 (2.03 - 14.83) 0.001
    > 60 13.07 (5.61 - 30.47) 11.39 (3.43 - 37.76) < 0.001
Male 3.75 (2.23 - 6.30) 3.38 (1.70 - 6.30) < 0.001
BMI (kg/m2)
    < 18.5 1 1
    15.5 - 22.9 1.24 (0.53 - 2.94) 1.55 (0.42 - 5.68) 0.506
    ≥ 23.00 1.98 (0.85 - 4.61) 2.11 (0.59 - 7.60) 0.253
Diabetes mellitus 5.04 (2.57 - 9.91) 1.87 (0.77 - 4.55) 0.169
Hypertension 5.37 (3.12 - 9.24) 1.1.53 (0.72 - 3.26) 0.272
Heart failure 33.27 (10.10 - 109.53) 11.25 (2.85 - 44.54) 0.001
Thyroid crisis 26.81 (12.34 - 58.29) 61.84 (21.89 - 181.32) < 0.001
TSH (µIU/mL) 0.77 (0.14 - 4.21) 0.90 (0.06 - 12.86) 0.938
FT4 (ng/mL) 0.98 (0.88 - 1.10) 1.04 (0.83 - 1.30) 0.740
FT3 (ng/mL) 0.97 (0.94 - 0.99) 0.95 (0.90 - 1.01) 0.085

Adjusted odds ratios were derived from a full multivariable logistic regression model including all clinically relevant covariates (age group, sex, BMI, 
diabetes mellitus, hypertension, heart failure, thyroid crisis, TSH, FT4, and FT3). The final P-values presented in the table correspond to the adjusted 
model. BMI: body mass index; CI: confidence interval; FT3: free triiodothyronine; FT4: free thyroxine; OR: odds ratio; TSH: thyroid-stimulating hormone.

Table 2.  Laboratory Profiles of Patients With Thyrotoxicosis, Stratified by Atrial Fibrillation Status

Laboratory parameters AF (n = 65) Non-AF (n = 736) P-value
Hct (%), mean ± SD 40.13 ± 6.52 39.48 ± 4.15 0.3017
Hb (g/dL), mean ± SD 13.05 ± 2.28 12.80 ± 1.49 0.267
HbA1C (%), mean ± SD 5.95 ± 0.89 5.87 ± 0.97 0.660
BUN (mg/dL), mean ± SD 16.25 ± 11.28 12.32 ± 5.67 0.001
Creatinine (mg/dL), mean ± SD 1.11 ± 1.54 0.72 ± 0.25 < 0.001
eGFR (mL/min), mean ± SD 84.77 ± 29.30 101.29 ± 26.49 < 0.001
TSH (µIU/mL), mean ± SD 0.02 ± 0.08 0.03 ± 0.24 0.763
FT4 (ng/mL), mean ± SD 4.10 ± 2.09 4.19 ± 2.23 0.771
FT3 (ng/mL), mean ± SD 11.37 ± 8.48 14.16 ± 9.76 0.027
Sodium (mmol/L), mean ± SD 139.20 ± 3.66 139.10 ± 2.71 0.801
Potassium (mmol/L), mean ± SD 3.92 ± 0.61 4.12 ± 2.25 0.593
Chloride (mmol/L), mean ± SD 104.04 ± 4.45 104.35 ± 3.31 0.543
Bicarbonate (mmol/L), mean ± SD 23.39 ± 2.88 24.07 ± 3.51 0.118

AF: atrial fibrillation; BUN: blood urea nitrogen; eGFR: estimated glomerular filtration rate; FT3: free triiodothyronine; FT4: free thyroxine; HbA1c: 
glycated hemoglobin; TSH: thyroid-stimulating hormone; SD: standard deviation.
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sex was also a significant determinant, conferring a more than 
threefold increased risk compared with females (adjusted OR 
= 3.38; 95% CI: 1.70 - 6.30; P < 0.001).

BMI categories did not demonstrate significant associa-
tions, although a trend toward higher AF risk was observed 
in patients with BMI ≥ 23 kg/m2 (adjusted OR = 2.11; 95% 
CI: 0.59 -7.60; P = 0.253). Traditional cardiovascular comor-
bidities such as DM and hypertension lost statistical signifi-
cance after adjustment (all P > 0.05). In contrast, chronic HF 
remained a powerful independent risk factor, with more than 
11-fold higher odds of AF (adjusted OR = 11.25; 95% CI: 2.85 
- 44.54; P = 0.001). The strongest predictor identified was thy-
roid crisis, which increased the risk of AF over 60-fold (ad-
justed OR = 61.84; 95% CI: 21.89 - 181.32; P < 0.001).

By comparison, thyroid function parameters (TSH, FT4, 
FT3) were not significantly associated with AF in the adjusted 
models (all P > 0.05). These findings highlight that clinical 
characteristics, especially age, sex, HF, and thyroid crisis, are 
more informative determinants of AF risk in thyrotoxicosis 
than hormone levels alone.

Discussion

Prevalence of AF in thyrotoxicosis

In this cohort, AF was observed in approximately 8% of pa-
tients, consistent with prior reports (5-15%) [1, 12-14]. Vari-
ability across studies likely reflects differences in case ascer-
tainment, disease severity, and study design. Hospital-based 

cohorts, such as ours, may overrepresent patients with severe 
disease or crisis, whereas population-based studies may un-
derestimate prevalence if paroxysmal AF is missed. This rein-
forces that AF is a clinically relevant but not universal mani-
festation of thyrotoxicosis.

From a global epidemiological perspective, the incidence 
of AF in hyperthyroidism has been reported to be two to three 
times higher than in the general population, particularly among 
older men [2, 3, 13]. The prevalence of about 8% observed 
in our Southeast Asian cohort is therefore consistent with the 
literature and highlights that this burden is a cross-regional 
phenomenon rather than one confined to Western populations.

Host vulnerabilities: age, sex, and cardiovascular comor-
bidity

Our data confirmed that advancing age, male sex, and HF were 
the strongest host-related determinants of AF in thyrotoxico-
sis. Compared with patients diagnosed before age 35, the risk 
was more than fivefold higher at ages 35 - 60 and over 11-fold 
higher beyond 60 years, underscoring the contribution of age-
related atrial remodeling and fibrosis.

Although men were less frequently diagnosed with hyper-
thyroidism, they exhibited more than a threefold higher likeli-
hood of AF. This pattern parallels the male predominance in 
thyrotoxic periodic paralysis and suggests that men may be 
physiologically more vulnerable to the arrhythmogenic effects 
of thyroid hormone excess.

HF further amplified the risk of AF, with more than an 
11-fold increase. This relationship is bidirectional: thyrotoxic 

Figure 2. Forest plot of prognostic factors associated with atrial fibrillation among patients with thyrotoxicosis. Adjusted odds 
ratios with 95% confidence intervals were estimated using generalized linear models with logistic regression. Increasing age, 
male sex, heart failure, and thyroid crisis were independently associated with atrial fibrillation, whereas thyroid hormone levels 
were not significant predictors.
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AF can precipitate decompensated HF; while pre-existing HF 
provides a susceptible atrial substrate that facilitates AF once 
exposed to thyroid hormone excess.

At the cellular level, thyroid hormone excess increases 
atrial automaticity and shortens the refractory period through 
β-adrenergic receptor upregulation and ion channel remode-
ling [3, 21]. However, the persistence of AF requires structural 
substrates such as atrial fibrosis, diastolic dysfunction, or re-
modeling, which are more prevalent in elderly patients and in 
men [4, 6]. This mechanistic interplay explains why sex and 
age exert stronger influences on AF risk than hormone levels 
alone.

Thyroid crisis versus hormone levels

Among thyroid-specific factors, thyroid crisis emerged as 
the most powerful determinant, increasing AF risk more than 
60-fold. Crisis represents not only hormone excess but also 
a maladaptive systemic response, including sympathetic over-
activation, electrolyte imbalance, hypoxemia, and multi-organ 
decompensation, that acts as a potent clinical accelerator [17-
19]. Patients experiencing thyroid storm therefore face a mark-
edly heightened arrhythmogenic burden, even when their ab-
solute FT3 or FT4 levels are not substantially different from 
those of non-crisis patients. This observation aligns with our 
finding of an adjusted OR of about 62.

By contrast, absolute hormone concentrations (TSH, FT4, 
FT3) were not significant predictors after adjustment. This is 
consistent with prior studies showing heterogeneous results: 
while excess thyroid hormone may contribute to atrial excit-
ability, the interplay of host vulnerability and systemic crisis 
response is more decisive [3, 6, 16]. Taken together, these re-
sults suggest that AF risk in thyrotoxicosis is defined less by 
“how high the hormones are” and more by “how the body re-
sponds” [1, 22].

It is also important to recognize that FT3 levels may para-
doxically fall in severe thyrotoxicosis or systemic illness, a 
phenomenon consistent with the “low T3 syndrome.” In thy-
roid crisis, increased metabolic demand, impaired peripheral 
conversion of T4 to T3, cytokine-mediated inhibition of deio-
dinase activity, and accelerated tissue consumption of T3 may 
all contribute to reduced circulating FT3 levels despite marked 
clinical severity. These mechanisms help explain why abso-
lute FT3 concentrations did not correlate with AF risk in our 
cohort.

Beyond systemic crisis effects, thyroid hormone exerts 
direct electrophysiologic influences through receptor-medi-
ated pathways. Triiodothyronine acts primarily on TRα1 re-
ceptors, the dominant cardiac isoform, leading to increased 
β-adrenergic receptor density, enhanced L-type calcium 
channel activity, and upregulation of Na+/K+-ATPase. These 
changes shorten atrial action potential duration and refractory 
periods through potassium channel remodeling, thereby pro-
moting atrial automaticity and reentry susceptibility. Although 
these mechanisms facilitate arrhythmogenesis, they require 
pre-existing structural substrates, such as fibrosis, diastolic 
dysfunction, or atrial dilation, to sustain AF, which explains 
why hormone levels alone did not predict AF risk in our study.

Reversibility and long-term implications

Although restoration of euthyroidism can promote rhythm re-
covery in some patients, prior studies have reported that only 
40-60% of thyrotoxic AF cases revert to sinus rhythm after 
achieving euthyroidism [7-9]. Our findings suggest that pa-
tients with high-risk profiles, such as those older than 60 years, 
men, individuals with HF, or those experiencing thyroid crisis, 
are less likely to recover sinus rhythm. In these groups, persis-
tent atrial remodeling and structural substrates may outweigh 
the reversible effects of thyroid hormone excess.

This highlights the need for systematic AF surveillance 
in all thyrotoxic patients, including routine ECG assessments 
during follow-up, even after normalization of hormone levels. 
Reliance on thyroid function tests alone may underestimate re-
sidual arrhythmic burden. Importantly, when AF is detected, 
it should be managed according to established AF guidelines 
rather than assumed to resolve spontaneously with thyroid 
control.

Conceptual integration and clinical implications

Taken together, our findings support a “three-hit hypothesis” 
model of AF in thyrotoxicosis. In this framework, thyroid hor-
mone excess serves as the trigger, host vulnerabilities such as 
advancing age, male sex, and HF provide the substrate, and 
thyroid crisis functions as the accelerator. This synergistic in-
teraction explains why AF develops in only a subset of patients 
and why thyroid crisis confers disproportionate risk [23].

In addition to the dominant effects of age, male sex, 
and HF, our data demonstrate that chronic comorbidities 
such as CKD contribute substantially to the arrhythmogenic 
substrate in thyrotoxicosis. Notably, these clinical vulner-
abilities showed much stronger associations with AF than 
the absolute levels of FT3 or FT4. This pattern reinforces 
the concept that structural and systemic susceptibility plays 
a more decisive role than biochemical severity alone in the 
development of AF.

The clinical implications are clear. Clinicians should not 
overlook AF in thyroid clinics, particularly in men, older 
adults, and those with HF. Routine ECG assessment should 
be integrated into follow-up care, as reliance on symptoms or 
hormone normalization alone risks under-recognition. Fur-
thermore, applying this conceptual model may help stratify 
patients into those with a higher likelihood of rhythm revers-
ibility versus those who require long-term AF management.

The external validity of our findings is supported by the 
similarity of AF prevalence in our Southeast Asian cohort to 
that reported in Western populations (5-15%). Although Asian 
patients exhibit distinctive thyrotoxicosis phenotypes, including 
higher rates of Graves’ disease and thyrotoxic periodic paraly-
sis, as well as heightened β-adrenergic sensitivity, the overall ar-
rhythmogenic burden appears comparable [24]. These observa-
tions suggest that the mechanistic model identified in this study 
is broadly generalizable across populations, while still acknowl-
edging regional differences in disease expression.

Future research should include external validation in 
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prospective cohorts with standardized crisis scoring, serial 
hormone profiling, and AF classification. Investigation into 
biomarkers of susceptibility and reversibility, such as atrial fi-
brosis markers, autonomic activity indices, and inflammatory 
mediators, may further refine risk stratification and guide per-
sonalized management strategies.

Limitations

This study has several limitations. First, its retrospective 
single-center design may limit generalizability, although the 
large sample size from a tertiary hospital still reflects real-
world practice. To strengthen external validity, future pro-
spective multi-center studies are warranted to confirm these 
findings. Second, AF diagnosis was based on routine ECGs, 
so paroxysmal or subclinical AF may have been missed with-
out continuous monitoring. Third, thyroid hormone assays 
were derived from routine testing, which may introduce inter-
assay variability. Fourth, despite multivariable adjustment, 
residual confounding cannot be excluded. Fifth, treatment 
choices, including antithyroid regimens and anticoagulation, 
were not randomized and may reflect physician preference 
or disease severity. Sixth, because long-term follow-up data 
were not uniformly available, the study could not assess AF 
recurrence or the influence of long-term thyroid hormone 
therapy (e.g., antithyroid drugs, radioactive iodine, or sur-
gery) on sustained rhythm outcomes. This limits our ability 
to determine whether treatment modality affects AF persis-
tence or reversibility.

In addition, AF identification relied on clinically driven 
ECG acquisition rather than universal ECG screening, and AF 
subtype could be classified only when explicitly documented 
in the medical record. As with all retrospective studies, these 
constraints may have led to partial under-recognition of par-
oxysmal AF.

These limitations, however, do not diminish the central 
finding that host vulnerabilities and thyroid crisis, rather than 
hormone levels alone, were the primary determinants of AF in 
thyrotoxicosis.

Conclusion

In this cohort of patients with thyrotoxicosis, AF was observed 
in approximately 8%, with risk strongly shaped by host factors 
rather than hormone levels alone. Older age, male sex, and HF 
provided the vulnerable substrate, while thyroid crisis acted as 
the most powerful clinical accelerator. By contrast, absolute 
thyroid hormone concentrations were not independently asso-
ciated with AF after adjustment.

These findings underscore that arrhythmic risk in thyro-
toxicosis reflects the interplay between thyroid-specific trig-
gers and host-specific vulnerabilities. Clinicians should ac-
tively assess for AF in thyrotoxic patients, particularly men, 
the elderly, and those with HF, rather than assuming arrhyth-
mia will resolve with normalization of thyroid function. Future 
studies with prospective designs and biomarker evaluation are 

needed to refine risk stratification and guide long-term man-
agement strategies.

Supplementary Material

Suppl 1. Medications for the management of patients.
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