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Abstract

Objective: Amiodarone is used for the maintenance of sinus rhythm in patients with arrhythmias, but thyroid 

dysfunction (amiodarone-induced thyrotoxicosis (AIT) or amiodarone-induced hypothyroidism (AIH)) is a common 

adverse effect. As the onset of AIT and AIH may be unpredictable, the value of long-term regular monitoring of 

amiodarone treated patients for thyroid dysfunction is still uncertain.

Design: We retrospectively documented the frequency at which overt thyroid dysfunction was preceded by subclinical 

thyroid dysfunction.

Methods: We included 303 patients treated with amiodarone between 1984 and 2007. AIT was de�ned as a lowered 

TSH level with an elevated free thyroxine (FT4) and AIH was de�ned as an elevated TSH level with a decreased 

or subnormal FT4. Subclinical AIT was de�ned as a lowered TSH level with a normal FT4 and subclinical AIH as an 

elevated TSH level with a normal FT4. 

Results: 200 men and 103 women, aged 62 ± 12.0 years, suffering from atrial (260) or ventricular (43) arrhythmias, 

were evaluated. During a median follow-up of 2.8 (1.0–25) years, 44 patients developed AIT and 33 AIH. In 42 (55%) 

patients who developed AIT/AIH, earlier thyroid function tests showed no subclinical AIT or subclinical AIH. In 35 

(45%) patients, AIT/AIH was preceded by subclinical AIT or subclinical AIH (16/44 for AIT and 19/33 for AIH). 

Conclusions: In a considerable proportion of patients who developed AIT/AIH, earlier thyroid function tests showed no 

subclinical AIT/AIH. Less than half of the patients with a subclinical event subsequently developed overt AIT/AIH. This 

study provides data to reconsider the yield of regular testing of thyroid function to predict overt thyroid dysfunction 

in amiodarone treated patients.

Introduction

Amiodarone has been shown to be superior to other 

drugs in maintaining sinus rhythm in patients with 

symptomatic atrial fibrillation (AF) and to prevent 

recurrent ventricular arrhythmias (1, 2, 3, 4). However, it 

is well known that amiodarone is frequently associated 

with thyroid dysfunction. 

 The large amount of iodine in amiodarone enhances 

the iodine exposure to the thyroid, and results in increased 

iodine content of the thyroid gland. The thyroid auto-

regulation does not in all patients prevent the effect of an 

increased iodine exposure to the thyroid, which causes 

amiodarone-induced thyrotoxicosis (AIT) or amiodarone-

induced hypothyroidism (AIH). AIT is categorized as type 

1 when underlying thyroid abnormalities are present 

(autonomous multinodular goiter or latent Graves’ 

disease), and type 2 when a destructive thyroiditis 

is caused by the cytotoxic effects of amiodarone (5). 

A  higher occurrence of AIT type 2 (79%), compared to 

AIT type 1 (21%), has been described in a cohort of 200 

patients (5). Both subtypes are important clinical issues, 
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as they may cause several clinical symptoms or major 

adverse cardiovascular events, and sometimes be therapy 

resistant (6). On the other hand, AIH is considered to be of 

limited clinical risk and can be managed easily by thyroid 

hormone replacement (7). In most European countries, 

where iodine intake is low, the proportion of AIT (75%) 

is higher compared to AIH (25%), whereas in North 

America, where iodine intake is high, the proportion of 

AIH (66%) is higher compared to that of AIT (34%) (8). 

In the Netherlands, previous studies show an incidence 

between 8 and 12.2% for AIT and an incidence between 6 

and 6.9% for AIH (9, 10, 11, 12).

The value of regularly monitoring amiodarone treated 

patients for thyroid dysfunction is unclear, mainly because 

the onset of dysfunction may be unpredictable (10, 11). 

The guidelines of the American Thyroid Association (ATA) 

and the American Association of Clinical Endocrinologists 

(AACE) recommend performing thyroid function tests 

before, at 1 and 3 months after the initiation of amiodarone 

therapy, and at 3–6 month intervals thereafter (13, 14). In 

contrast, the guidelines of The Dutch Society of Internal 

Medicine do not recommend thyroid function tests 

during amiodarone therapy (15).

 The present study was initiated to describe the yield 

of regular thyroid function tests during amiodarone 

treatment by determining the number of cases in which 

overt thyroid dysfunction was preceded by a subclinical 

thyroid event.

Patients and methods

We studied 303 predominantly white patients treated 

with amiodarone at the University Medical Center of 

Groningen, The Netherlands between 1984 and 2007. 

Ahmed et al. included the majority of these patients (265) 

in a retrospective evaluation of patients on their first 

period of amiodarone treatment for documented cardiac 

arrhythmias; thyroid function tests were performed at 

baseline prior to amiodarone initiation and then every 

6 months (10). The remaining 38 patients participated in 

the prospective CONVERT study, including patients in the 

presence of symptomatic AF recurrence; thyroid function 

tests were performed at the outpatient department upon 

inclusion, then after 2  weeks of amiodarone loading, 

and then again every 4  months until 2  years following 

randomization (9).

In both studies only patients with normal thyroid 

function prior to amiodarone initiation, as established by 

thyroid function tests, were included. After ending both 

studies, patients were followed in the outpatient clinic of 

the Department of Cardiology and, according to the local 

protocol, thyroid function tests were performed every six 

months, and more frequently when subclinical results 

were diagnosed. We collected patients’ sex; date of birth; 

time and cause of death; start and end of amiodarone 

therapy (or continuation after end of follow-up); all 

available TSH and FT4 results; possible therapy for 

AIT/AIH; and documented side-effects of amiodarone 

treatment, by screening patients’ charts retrospectively 

(from 2007 until 2014) at the Department of Cardiology. 

Laboratory values for FT3 were not included due to a high 

frequency of missing values.

The primary outcome in this study was the occurrence 

of overt and/or subclinical thyroid dysfunction. We 

have defined AIT, in accordance with the definitions 

of Ahmed  et  al. as a suppressed TSH in combination 

with an elevated FT4 (10). AIH has been defined as a 

TSH above the institutional range in combination with 

a decreased or subnormal FT4. We defined subclinical 

AIT as a TSH below the reference range in combination 

with a normal FT4 and subclinical AIH as a TSH above 

the reference range in combination with a normal 

FT4 (Table 1). 

Statistical analysis

Baseline descriptive statistics, demographics and 

clinical characteristics are presented as mean ± SD or 

median (range) for continuous variables and counts 

with percentages for categorical variables. Differences 

between variables were evaluated for continuous data by 

student’s T-test or Mann–Whitney U-test, depending on 

distribution toward normality. All tests of significance are 

two-tailed, with P-values of <0.05 assumed to indicate 

significance. All statistical analyses were performed using 

the Statistical Package for the Social Sciences (IBM SPSS 

Statistics Version 22).

Table 1 Biochemical de�nitions of (sub)clinical AIT and AIH.

 1984–1999* 1999–2006** 2006–2014***

AIT TSH ≤0.13 ≤0.22 ≤0.25

 FT4 ≥26.0 ≥18.2 ≥19.5

Subclinical AIT TSH 0.13–0.30 0.22–0.45 0.25–0.50

 FT4 9.0–26.0 6.3–18.2 11.0–19.5

AIH TSH ≥6.5 ≥8.7 ≥10.0

 FT4 ≤9.0 ≤6.3 ≤11.0

Subclinical AIH TSH 3.00–6.50 3.50–8.70 4.00–10.00

 FT4 9.0–26.0 6.3–18.2 11.0–19.5

*Amersham Amerlite©, in IU/L; **Del�a©, in mU/L; ***Roche Diagnostics©, 

in mU/L.
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Results

Patient characteristics and outcomes

We evaluated 303 patients, 200 (66%) men and 103 

(44%) women, with a mean age of 62.3 ± 12.0  years. 

The indication for amiodarone treatment was AF in 260 

(86%) patients and ventricular arrhythmias in 43 (14%) 

patients. The daily maintenance dose of oral amiodarone 

was 200 mg, which was increased or decreased based on 

serum levels of amiodarone and physicians’ decision. 

The median follow-up was 2.8 (1.0–25)  years with an 

amiodarone use of 1.9 (1.0–24) years; 119 (39%) patients 

died during follow-up. 77 out of 303 patients (25%) 

developed overt thyroid dysfunction: 47 (61%) men 

and 30 (39%) women. A total of 44 out of 77 (57%) 

patients developed AIT, and 33 out of 77 (43%) patients 

developed AIH. 

(Sub)Clinical events

In 16 out of 44 (64%) patients who developed AIT this was 

preceded by subclinical AIT (Fig. 1). In 65 patients who 

developed subclinical AIT eventually 49 (75%) developed 

no AIT within a follow-up period of 3.4 (0–16) years. Out 

of 49 patients with subclinical AIT, 27 (55%) remained 

subclinical during the two years following the first event 

and 22 (45%) spontaneously reverted to euthyroidism 

in this period. In 19 out of 33 (58%) patients who 

developed AIH this was preceded by subclinical AIH 

(Fig.  1). Of the 62 patients who developed subclinical 

AIH eventually 43 (70%) developed no AIH within a 

median follow-up of 2.2 (0–13) years. The median time 

between the start of amiodarone and the occurrence of 

subclinical AIT was 1.4 (0.1–9) years, compared with 2.6 

(0.1–9) years for overt AIT. Subclinical AIH occurred after 

1.1 (0.1–18) years, compared with 1.7 (0.1–24) years for 

overt AIH (Table 2). 

Clinical signs

Twenty-one (48%) out of 44 patients who developed AIT 

showed one or multiple AIT-associated clinical signs. 

Increased sweating was reported in 8 patients, palpitations 

in 7 patients, weight loss in 6 patients and agitation in 

6 patients. AIH patients reported general symptoms 

of hypothyroidism.

Treatment consequences

Treatment was started at a median of 46 (1–182) and 

84 (13–371) days after the diagnoses of overt AIT in 18 

patients and AIH in 22 patients respectively. Four (10%) 

patients with AIT received prednisolone, 6 (14%) received 

Figure 1

Patients with (sub)clinical thyroid events and patients without amiodarone-associated thyroid events, focusing on the 

development of amiodarone-induced thyrotoxicosis (AIT) and amiodarone-induced hypothyroidism (AIH). 

Table 2 Outcomes after follow-up.

  Patients, n (%*) Time till event, years**

AIT 44 (15) 2.6 (0.2–9)

Subclinical AIT 65 (21) 1.4 (0.1–9)

AIH 33 (11) 1.7 (0.1–24)

Subclinical AIH 62 (20) 1.1 (0.1–18)

*Percentage of total number of included patients, 303; **Values are 

shown as median (range).
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methimazole and 8 (18%) received a combination of 

prednisolone and methimazole; 26 (59%) patients 

were not treated, and in 10 of them amiodarone was 

discontinued. The FT4 levels in the non-treated group 

were significantly lower compared to the treatment group 

(P = 0.001), while TSH levels did not differ (P = 0.084). 

AIH was treated with levothyroxine in 22 (67%) cases 

and in 11 (33%) cases clinicians decided not to give any 

medication. Both FT4 and TSH levels did not significantly 

differ between the treatment and non-treatment groups 

(P = 0.059 and P = 0.637 respectively).

Discussion

In this single university center study we evaluated 

changes thyroid function status in a large group of 

patients treated with amiodarone, and observed 44 

cases of AIT and 33 cases of AIH. For the majority of 

patients who developed AIT, earlier thyroid function 

tests showed no signs of subclinical AIT, and in only 

a small percentage of cases, for AIH the clinical event 

was preceded by a subclinical event. For both AIT/AIH 

only a minority of the subclinical events was followed 

by a clinical event. Our data adds to the discussion 

of the currently expert-based recommendation that 

thyroid function should be tested before and at 1 and 

3  months following initiation of amiodarone therapy, 

and at 3–6 month intervals thereafter (12). Ahmed et al. 

identified the following predictors for amiodarone-

associated thyroid dysfunction: age >62  years for AIT 

and for AIH a baseline TSH >1.4 mU/L; left ventricular 

function <45%; and diabetes mellitus (10). However, it 

was not possible to identify which patients are prone to 

develop amiodarone-associated thyroid dysfunction or 

could be selected for regular thyroid function testing. 

The clinical course of AIT/AIH does not support 

the need for regular surveillance of thyroid function, 

since adverse outcomes after sudden onset of thyroid 

dysfunction were neither present in our study population 

nor found in the literature (16). However, the sudden 

onset of AIT/AIH could explain our observation that the 

majority of patients showed an overt event without an 

earlier subclinical event.

Neither the American guidelines of ATA/AACE nor 

the guidelines of The Dutch Society of Internal Medicine 

recommend when and whom to treat in case of AIT/AIH 

(13, 15). In the present retrospective study we showed 

no differences in TSH and FT4 levels in treated and non-

treated AIH patients and neither a significant difference 

in FT4 levels between the treated and non-treated 

AIT patients.

The clinical course of AIH is unlikely to require 

amiodarone withdrawal with no major complications 

being described with its continued use (7). With regard 

to AIT, in a randomized clinical trial all AIT type 2 

patients reached euthyroidism despite continuation of 

amiodarone treatment (12). Additionally, three cases 

of AIT recurrence after continuation of amiodarone 

showed a relatively mild and spontaneously resolving 

course (17). Nonetheless, discontinuation can be deemed 

necessary due to the severity of clinical (cardiovascular) 

symptoms, as limited data suggest that continuation of 

amiodarone may be associated with a delayed restoration 

of euthyroidism (7, 18). A recent study showed that all 

patients who suffered amiodarone-associated side-effects 

of the thyroid (16.6%) fully recovered after amiodarone 

discontinuation or dose reduction, supporting the mild 

course of thyroid dysfunction in most patients (19). 

Furthermore, total thyroidectomy was never necessary 

in our study, in keeping with a previous report. One 

study showed that thyroid surgery is a valid therapeutic 

option in a small subgroup (7% out of 394 patients) of 

AIT patients with severe left ventricular dysfunction 

(20). In another study, 8 out of 84 patients underwent 

a surgical intervention (21). In general, subtotal or total 

thyroidectomy should be considered only in patients with 

progressive AIT when patients are resistant to a high-dose 

prednisolone and watchful medical management could 

have negative effects (22, 23).

In this study, 15% of patients developed AIT and 

11% of patients developed AIH, a percentage which is 

slightly higher than that in the data of Trip  et  al. (AIT 

12% and AIH 6.9%), but lower than that in the data of 

Hofmann et al. (AIT 20.8% and AIH 25.0%) (11, 24). This 

could be explained by the longer follow-up period in our 

study compared with that in the study of Trip et al. since 

the iodine intake has been regarded as comparable; it 

could also be explained by a high incidence of thyroid 

dysfunction prior to amiodarone initiation in the 

study of Hofmann  et  al. The time between initiation of 

amiodarone and the occurrence of AIT and AIH in our 

study is comparable for AIT, but differs for AIH with the 

study by Trip et al. (11). 

The retrospective nature of the present study is its 

most important limitation, which is the main reason for 

the lack of FT3 and TPO-Ab laboratory values and the lack 

of information about the cumulative dose of amiodarone. 

However, earlier studies show conflicting results with 

regard to the effect of the daily and/or cumulative dose 
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of amiodarone on the occurrence and severity of AIT/

AIH. In addition, in this study no differentiation has been 

made between AIT type 1 and type 2. We considered that 

the majority of patients with AIT would have been type 

2, since their thyroid function was normal at the start of 

amiodarone treatment. The strength of this study can be 

found in the high number of patients included and the 

long period of follow-up.

In conclusion, this study provides data to reconsider 

the yield of regular testing of thyroid function to 

predict overt thyroid dysfunction in patients on 

amiodarone treatment.
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