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Background

Atrial fibrillation (AF) is occasionally diagnosed in individuals with Graves’ disease. Definite treatments, including radioactive iodine therapy (RAIT) or surgery might lower the risk of AF in the literature. However, no studies have compared the effects of anti-thyroid drugs (ATDs), RAIT, and surgery on the risk of AF.



Methods

This retrospective cohort study included 94,060 newly diagnosed Graves’ disease patients and 470,300 controls from the Korean National Health Insurance database. The incidence of AF was evaluated in patients and controls. Patients were categorized based on treatment method into ATD (95.6%), RAIT (3.5%), and surgery (0.9%) groups. In the ATD group, the dose and duration of ATDs were calculated for each patient. In the RAIT and surgery groups, remission was defined as levothyroxine prescription.



Results

Graves’ disease patients had a 2.2-fold higher risk of developing AF than controls. Regardless of demographic factors, the patient group had a consistently higher risk of AF than controls, with the highest risk of AF (HR, 5.49) in the younger patient group. The surgery group had a similar risk of AF compared with controls, whereas the ATD (HR, 2.23) and RAIT (HR, 2.00) groups had increased risks of AF, even in patients reaching hypothyroid status after RAIT. Patients with higher dose or longer treatment duration of ATDs were at greater risk of AF.



Conclusion

We observed differing risks of AF according to methods of treatment for Graves’ disease, and that definite treatment can be an option for subjects needing sustained medical treatment considering the risk of AF.
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Introduction

Graves’ disease is the most common cause of hyperthyroidism with a prevalence of 0.3–0.5% in iodine-sufficient areas (1, 2). Effects of excessive thyroid hormones on the musculature and conduction system of the heart, vascular musculature, and coagulation are associated with increased risk of cardiovascular manifestations (3). Franklyn et al. demonstrated that in 15,968 person-years (PYs) of follow-up, cardiovascular manifestations, including atrial fibrillation (AF), myocardial infarction (MI), ischemic stroke, and heart failure (HF), can contribute to an up to 20% higher risk of mortality in individuals with persistent thyrotoxicosis after radioactive iodine therapy (RAIT) compared to the general population (4). Okosieme et al. reported that patients with Graves’ disease had a higher all-cause mortality (hazard ratio [HR], 1.23, 95% CI: 1.06–1.42) and major adverse cardiovascular event (HR, 2.47, 95% CI: 2.16–2.81) in 25,266 PYs compared to controls in 103,374 PYs (5). Cardiovascular sequelae of Graves’ disease constitute a significant socioeconomic burden, individually and socially (6).

AF is the most common type of sustained cardiac arrhythmia, and its prevalence has increased over recent decades (7, 8). The prevalence of AF is approximately 2% in Western countries (8, 9) but is lower at 1% in Asian countries (10–12). With aging of the population, the incidence of AF is expected to increase by 1.5–2 fold during the next few decades (13, 14). Clinical implication of AF is that it is a well-known independent risk factor for ischemic stroke (15). AF is associated with a 5-fold risk of ischemic stroke, accounting for approximately 20% of all stroke cases (15).

The risk of AF might be lowered by appropriate treatment in individuals with Graves’ disease. Epidemiologic studies have shown that hypothyroid status by definite treatment, including RAIT or surgery, can lower the risk of AF in patients with Graves’ disease (4, 16–18). However, insufficient treatment of Graves’ disease is related to a higher risk of AF compared to that of controls, regardless of treatment method (4, 16–18). Boelaert et al. reported a 1.3-fold higher mortality in medically treated patients for hyperthyroidism compared to controls, whereas hypothyroid patients after RAIT had a similar mortality rate (standardized mortality ratio [SMR], 0.98) in 12,868 PYs of follow-up (18). In their study, increased all-cause mortality mainly reflected increased circulatory death and AF was associated with mortality (18). Ryödi et al. observed an increased risk of AF in patients who had not resulting in hypothyroidism after RAIT (HR, 1.44, 95% CI: 1.18–1.75) compared to surgically treated patients; in contrast, the risks of AF were comparable in patients who had received thyroidectomy and RAIT leading to hypothyroidism (17). Previous studies examining the risk of AF according to treatment method and clinical course of Graves’ disease are limited, and no studies have compared the risks of AF among patients who had received differing treatments of anti-thyroid drug (ATD), RAIT, or surgery. In addition, previous studies were conducted in Western countries (4, 16, 17), where the prevalence of AF is generally higher than it is in Asian countries (10–12). Therefore, we evaluated the risk of AF in the Korean population with Grave’ disease according to treatment methods and clinical course using nationally representative data from the National Health Information Database (NHID).



Methods


Data source

Data were retrieved from the Korean NHID, which is maintained by the National Health Insurance Service (NHIS), the only public medical insurance system in Korea and covers all Korean citizens. The NHID contains nationally representative data and includes diagnostic codes based on the standard International Classification of Diseases (ICD)-10; prescriptions; patient demographic data, including age, sex, and region; and data on billing for medical expenses (19). The NHID is accessible online at designated analysis centers based on fulfillment of strict criteria (https://nhiss.nhis.or.kr/). The retrospective study protocol was approved by the Institutional Review Board of Samsung Medical Center (2019-01-034). The requirements for patient approval and informed consent were waived because we used publicly available and deidentified patient data. All procedures for this study complied with relevant patient confidentiality guidelines.



Study population

We identified 103,932 individuals newly diagnosed with Graves’ disease between January 2010 and December 2014 using the ICD-10 code for hyperthyroidism (E05). To find cases with Graves’ disease excluding transient thyrotoxicosis, individuals who had received ATD ≥60 consecutive days or who had undergone thyroid surgery or RAIT were enrolled. The prescription codes (Anatomical Therapeutic Chemical [ATC] code) for methimazole (H03BB02), carbimazole (H03BB01), and propylthiouracil (H03BA02) were used. This method of case detection has been used in previous epidemiologic studies of Graves’ disease in Korea (2, 20). To find newly diagnosed cases of Graves’ disease, a washout period was applied from January 2006 to the time of study enrollment. Patients younger than 20 years, diagnosed with thyroid carcinoma (C73.9), or with missing data were excluded. We also excluded with individuals with previous AF based on ICD-10 codes (I480–I484, and I489) during the washout period. Finally, we included 94,060 Graves’ disease patients. For a control population, we identified 470,300 individuals from NHID who were matched to patients on age and sex, at a ratio of five controls per patient, and controls were excluded for the diagnostic codes of any cause of hyperthyroidism. The study period ended in December 2018.



Treatment modality for Graves’ disease and prescription of ATDs

The methods of treatment for Graves’ disease were classified according to whether patients had received ATDs for ≥60 consecutive days (medical treatment), had undergone RAIT, or had undergone thyroid surgery. Patients who had undergone RAIT or surgery for Graves’ disease were assigned to the RAIT group or surgery group, respectively, regardless of whether they had received ATDs.

The cumulative doses of ATDs and duration of ATD treatment were calculated for each patient using ATC codes for drug prescriptions. The cumulative ATD dose was classified as <5,743 mg (lowest tertile), 5,743–22,055 mg (middle tertile), and >22,055 mg (highest tertile). The ATD treatment duration was classified as <11.5 months (lowest tertile), 11.5–33.4 months (middle tertile), and >33.4 months (highest tertile).

In the ATD group, remission was defined when patients had discontinued the ATD prescription and no more prescriptions for ATDs were started during the study period. In the RAIT and surgery groups, remission was defined as hypothyroid patients taking levothyroxine after RAIT or surgery.



Definition of AF

AF was diagnosed based on ICD-10 codes (I480–I484, and I489). To ensure diagnostic accuracy and exclude transient AF, we included patients with AF only when it was a discharge diagnosis or confirmed more than twice in an outpatient clinic (12, 21). To identify non-valvular AF, subjects with mitral stenosis (I50, I52, and I59) or preexisting mechanical heart valves (Z952–Z945) were excluded.



Covariates

Comorbidities, including diabetes, hypertension, and dyslipidemia, were defined based on ICD-10 codes for diagnoses and one or more drug prescriptions for related diseases. Household income was classified into quartiles (Q1–Q4) and absolute poverty, defined as monthly household income less than the minimum cost of living.



Statistics

Descriptive statistics (mean, standard deviation [SD], number, and percentage) were tabulated for baseline characteristics. Categorical variables were compared using the chi-square test. The independent t-test was used for continuous variables. To compare baseline characteristics among three treatment groups, chi-square test was used for categorical variables and one-way ANOVA for continuous variables. Ordinal variable, such as household income was compared using the chi-square test. Conventional Cox proportional hazard regression analyses were performed to evaluate the relationship between Graves’ disease and incident AF. The index date for Cox proportional hazard regression analyses as below: the first prescription date of ATDs in the ATD group and the date of the first RAIT or surgery in the RAIT or surgery groups. The HR was not adjusted in model 1, while model 2 was adjusted for household income, diabetes, hypertension, and dyslipidemia. P-values <0.05 were considered significant. All statistical analyses were performed using SAS software (version 9.4; SAS Institute Inc., Cary, NC, USA).




Results


Baseline characteristics

This study included 94,060 Graves’ disease patients and 470,300 matched controls. The mean age was 46 years, the majority of the sample (90%) was <65 years, and 28% of subjects in both groups were men. Graves’ disease patients had higher prevalence of diabetes, hypertension, and dyslipidemia (Table 1). The mean follow-up period was 7.0 years in both groups.


Table 1 | Baseline characteristic of patients with Graves’ disease and controls.



The vast majority of patients (95.6%) had been treated with ATDs, whereas patients who had undergone RAIT or surgery accounted for only 4% of the Korean population (3.5% for RAIT and 0.9% for surgery). The mean age of the ATD group was higher than the other two groups (46 vs. 44 years); however, the percentages of population ≥65 years were similar in the ATD and surgery groups (10% in each group). The surgery group had a higher percentage of female and higher prevalences of diabetes and dyslipidemia, compared to those of the ATD and RAIT groups (Table 1).



Association between Graves’ disease and incident AF

Among the 94,060 Graves’ disease patients, 2,444 cases of incident AF were diagnosed during 654,186 PYs of follow-up. Relative to controls, Graves’ disease patients showed a greater than two-fold risk of incident AF (HR, 2.37, 95% CI: 2.26–2.48) (Table 2). Graves’ disease patients had increased risk of developing AF after adjusting for age, sex, household income, and comorbidities (HR, 2.20, 95% CI: 2.09–2.31) (Table 2; Figure 1A).


Table 2 | Risk of atrial fibrillation among patients with Graves’ disease according to treatment modality.






Figure 1 | (A) Risk of atrial fibrillation among patients with Graves’ disease and controls. (B) Risk of atrial fibrillation among patients with Graves’ disease according to treatment modality. ATD, anti-thyroid drug; RAIT, radioactive iodine therapy.



Subgroup analyses were performed according to age, sex, and comorbidities (Table 3). Absolute incidence of AF was higher in those aged ≥65 years; males; and individuals with diabetes, hypertension, or dyslipidemia. After adjusting for demographic variables, patients with Graves’ disease had significantly higher risk of AF compared to controls. In particular, younger patients (20–39 years) and patients without diabetes, hypertension, or dyslipidemia had higher risk for developing AF compared to Graves’ disease patients who were elderly or had other comorbidities (P for interaction <0.01).


Table 3 | Subgroup analyses of atrial fibrillation risk among patients with Graves’ disease and controls.





Associations between Graves’ disease and incident AF according to treatment modality

Relative to controls, the ATD group had a 2.2-fold higher risk of developing AF (HR: 2.23, 95% CI: 2.11–2.32), and the RAIT group had a 2-fold higher risk of AF (HR: 2.00, 95% CI: 1.58–2.54). However, the risk of AF was not significant in the surgery group (HR: 1.43, 95% CI: 0.81–2.52) (Table 2; Figure 1B).

In the ATD group, patients who did not achieve remission had a 2.2-fold higher risk of developing AF (HR: 2.24, 95% CI: 2.13–2.36), with 2,306 AF in 86,349 patients, whereas the patients who did achieve remission had a 1.4-fold higher risk of AF (HR: 1.44, 95% CI: 1.11–1.87), with 57 AF in 3,642 patients. In the RAIT group, remitted patients had a 2.0-fold higher risk of incident AF (HR: 2.04, 95% CI: 1.51–2.75), with 43 AF in 2,033 patients; patients who did not experience remission had a 1.9-fold higher risk of AF with 26 AF in 1,228 patients (HR: 1.95, 95% CI: 1.33–2.86, data not shown). In the surgery group, all patients achieved remission that is, they were supplemented with levothyroxine due to hypothyroid status after surgery.



Associations between Graves’ disease and AF according to cumulative ATD dose and treatment duration

When we classified Graves’ disease patients according to cumulative ATD dose and treatment duration, an increased risk of AF was observed across the Graves’ disease subgroups relative to the controls. In particular, a higher cumulative dose or longer treatment duration with ATDs were associated with the increased risks of developing AF (Table 4; Figure 2).


Table 4 | Risk of atrial fibrillation among patients with Graves’ disease according to cumulative dose and treatment duration of anti-thyroid drug.






Figure 2 | Risk of atrial fibrillation among patients with Graves’ disease according to cumulative dose (A) and treatment duration (B) of anti-thyroid drug. Cumulative doses were <5,743 mg (lowest), 5,743–22,055 mg (middle), and >22,055 mg (highest). Treatment durations were <11.5 months (lowest tertile), 11.5–33.4 months (middle tertile), and >33.4 months (highest tertile).






Discussion

AF is the common cardiovascular manifestation of Graves’ disease and the risk can be lowered by appropriate treatment of Graves’ disease. In our sample, individuals with Graves’ disease had a 2.2-fold higher risk of incident AF (3.74 IR per 1,000 PYs) compared to controls (1.58 IR per 1,000 PYs). Elevated risk of AF was observed in all subgroups (HRs, ranging from 1.58 to 5.49), and HR was most prominent in the younger population (20–39 years). Among the three treatment methods, the surgical group was not at a significant risk of AF compared to controls, although the surgically treated patients accounted less than 1% of whole population. The risk of AF was elevated after RAIT even in hypothyroid patients. In the ATD group, the risk was more marked in those with higher cumulative dose or longer treatment duration. Based on our results, hyperthyroidism needing sustained medical treatment was associated with the greater risk of incident AF and the AF risk was not significantly elevated in surgically treated patients.

Evidence supporting the importance of definitive treatment of Graves’ disease on cardiovascular outcomes has increased. Boelaert et al. compared mortality of patients with hyperthyroidism receiving medical therapy and those undergoing RAIT among samples from England and Wales (n = 2,668) (18). They observed increased all-cause mortality in medically treated patients (SMR, 1.30) or patients with RAIT not achieving hypothyroidism (SMR, 1.24), whereas patients with RAIT experiencing hypothyroidism had risk comparable with that of the general population (SMR, 0.98). Increased mortality was largely caused by circulatory death, and AF at presentation was related to higher mortality (P = 0.02) (18). Ryödi et al. compared the cardiovascular diseases (CVDs) of patients with hyperthyroidism receiving RAIT or surgery in the Finnish population (n = 6,148) and found that the risk of CVDs was not elevated in the surgical group (17). However, the RAIT-treated group, especially patients who did not experience hypothyroidism after treatment had a higher risk of CVDs, including AF. Okosieme et al. examined data from 4,189 United Kingdom patients with Graves’ disease and concluded that the RAIT group with resolved hyperthyroidism had lower mortality (HR, 0.50) compared to the ATD group, but the RAIT group with unresolved hyperthyroidism did not (HR, 1.55) (5). Using a database of a Danish population (n = 275,467), Lillevang-Johansen et al. reported that increased CVD risk was observed in untreated (odds ratio [OR], 1.25) or insufficiently treated patients with decreased TSH (OR, 1.09), although they did not analyze data according to treatment method (16). However, previous studies did not deal with CVD outcomes of Graves’ disease based on comparison of three treatment methods.

In line with previous epidemiologic studies (5, 16–18), we observed similar risk of AF in the surgical group and controls. However, RAIT did not eliminate additional risk of AF, even in patients achieving hypothyroidism. Surgery is most effective (>99%) for Graves’ disease remission, followed by RAIT (>80%) (22, 23). Levothyroxine replacement should be started immediately after thyroidectomy, whereas achievement of remission takes several months following RAIT (23). Differences in remission rate and time to remission seem to result in different risks of incident AF in the surgery and RAIT groups. In Korea, as an iodine replete area, RAIT is preferred as the second most common therapy for Graves’ disease after ATDs. Recently, Part et al. reported a 63% of the remission rate of Graves’ disease after one year of the first RAIT, which was lower than that of success rate (80–90%) in the United States (24); difference in success rate of RAIT among regions suggest that the effects of RAIT on the risk of incident AF also differ among countries. Patients needing sustained medical treatment with higher cumulative dose and duration were at higher risk for AF. Medical treatment is most commonly used as initial therapy for Graves’ disease (20, 22, 23) but has the lowest efficacy, with a 30–40% remission rate and gradually increasing treatment failure rate during follow-up (22, 23). Recently, Song et al. reported that longer ATD treatment duration (>5 years) was associated with higher risk of HF (HR, 1.51) (25), similar to our data. Their study was the only one evaluating the relationship between duration of ATD use and CVD outcomes prior to our study. However, Song et al. included 16,882 patients who received ATD >24 months using the Korean NHID database (25), and their sample was smaller than that in the present study (n = 94,060). Finally, they did not include patients who underwent surgery. Recently, Elnahla et al. demonstrated significant and rapid improvements of hypertension (45% in surgical treatment vs. 18% in medical treatment), tachyarrhythmia (86% vs. 66%), and HF (75% vs. 50%) among patients receiving total thyroidectomy for Graves’ disease compared to those with ATD therapy in a retrospective study (26). However, surgical treatment tends to be less cost-effective compared to medical therapy and RAIT based on studies conducted in the United States and United Kingdom (27), and postsurgical complications, including hypoparathyroidism and recurrent laryngeal nerve injury can occur in 1–4% of patients (28, 29). Thus, considering pros and cons of surgical treatment for Graves’ disease, surgery can be an appropriate option for selected Graves’ disease patients.

We found that the younger population aged 20–39 years, who accounted for 34% of the entire Graves’ disease population, had an approximately 5-fold higher risk of incident AF compared to controls. Brito et al. demonstrated a higher risk of failed ATD therapy in younger Graves’ disease patients (<35 years) than in elderly patients (55–64 years) based on nationwide population-based data from the United States (22), with these observations probably related to higher disease activity or low compliance with long-standing medical treatment among younger patients. Thus, younger Graves’ disease patients who are expected to need longer durations and higher doses of ATD therapy might achieve better outcomes with more definite treatment than medical therapy for preventing CVD comorbidity and controlling Graves’ disease.

As expected, elderly patients, male subjects, or those with comorbidities had higher incidence of AF, even among controls. AF incidence tends to increase with age and presence of comorbidities, such as hypertension and diabetes, which are known risk factors for AF (12). Based on multivariate analysis, even among groups with several risk factors for AF, we found that Graves’ disease was an independent predisposing factor for AF (HR, 1.58–1.77).

The present study has several limitations. First, diagnosis of Graves’ disease is based on a combination of ICD-10 codes and prescriptions for medication and/or procedure codes of RAIT/thyroidectomy. We used consecutive prescriptions (≥60 days) of ATDs to exclude transient thyrotoxicosis, a definition adopted in previous epidemiologic studies in Korea (2, 20). Graves’ disease accounts for 82.7% of thyrotoxicosis, followed by subacute thyroiditis (13.3%) and painless thyroiditis (3.5%), whereas toxic adenoma is a rare cause (0.5%) in Korea (30). As we excluded transient thyrotoxicosis with consecutive use of ATDs thus, our results can plausibly be interpreted to reflect the effects of Graves’ disease. Second, the NHID does not provide information regarding thyroid function or autoantibody titers, limiting evaluation of exact status of thyroid function, disease activity, and remission status, and their effects on the risk of AF, which was one of major weak points in this study. Instead, we used prescription information for levothyroxine after RAIT or surgery to assess remission status, although these data alone are not sufficient for such a conclusion. Third, ATD was the major treatment method, and definite treatment groups accounted for only 4% of Graves’ disease patients, as expected. Seo et al. reported the treatment pattern for Graves’ disease in Korea, using 177,487 patients treated between 2007 and 2011; the majority of patients (91%) were treated medically only, followed by RAIT (8.1%) and surgery (0.9%) (20). Traditionally, countries in Eurasia, including Korea and Japan prefer medical treatment as initial therapy for Graves’ disease; in North America, RAIT had been preferred, although ATD (60%) has replaced RAIT (33%) as the most common therapy (22). With the large population-based sample used in this study, we included significant numbers of patients who received definite treatments (3,261 RAIT patients and 808 thyroidectomized patients) compared to previous epidemiologic studies (5, 17, 18, 25); however, deviation to the medically treated group and the small proportion of the surgically treated group weaken the statistical power in the surgery group. In addition, several clinical factors preferring surgical treatment, such as age and comorbidities may affect the risk of incident AF in spite of statistical correction for confounders. Therefore, to clarify the risk of AF in surgically treated subjects, further studies with larger population are warranted. Fourth, the importance of our results from an observational study, not from a randomized study might be attenuated and limited. However, due to low prevalence of Graves’ disease and patients’ or clinicians’ preference or indications for treatment modality, it might be difficult to plan randomized research for Graves’ disease. Fifth, we did not assess risks of other CVDs, including MI and stroke, or mortality because of difficulties in handling the various outcomes in our large cohort. Recently, evidence has shown that hyperthyroidism is related to atherosclerotic vascular disease (5, 16–18, 31), and further studies evaluating CVDs including MI, stroke, AF, and HF might provide more definite evidence that patients and clinicians can use to choose treatment methods for Graves’ disease. Although this study has such limitations, the strengths are the large population-based sample and the use of a sole cohort for comparing the effects of three treatment methods of Graves’ disease on risk of AF.

We found that patients with Graves’ disease had a 2-fold higher risk of incident AF compared to controls, and that younger patients are at a greater than 5-fold higher risk of AF. Based on the results of our study, the risks of AF were more prominent in higher dose and longer duration of medical treatment. Whereas, surgically treated individuals may be at similar risk of AF to controls, although the clinical meaning might be limited due to the small proportion of the surgically treated population. In aspect of the AF risk, effective treatment, such as definite treatment can be considered in Graves’ disease patients who are expected to need long-standing medical treatment.
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