
pharmacoepidemiology and drug safety 2002; 11: 601–606
Published online in Wiley InterScience (www.interscience.wiley.com). DOI: 10.1002/pds.735

ORIGINAL REPORT

Amiodarone-induced thyroid dysfunction associated with
cumulative dose

Marcel L. Bouvy PharmD*,1,2, Eibert R. Heerdink PhD1, Arno W. Hoes MD, PhD3

and Hubert G. M. Leufkens PhD1

1Department of Pharmacoepidemiology and Pharmacotherapy, Utrecht Institute for Pharmaceutical Sciences (UIPS),
The Netherlands

2SIR Institute for Pharmacy Practice Research, Leiden, The Netherlands
3Julius Center for General Practice and Patient Oriented Research, University Medical Center, Utrecht, The Netherlands

SUMMARY

Purpose To obtain risk estimates of thyroid disorder in patients starting amiodarone.
Methods We followed a cohort of 5522 patients with a first prescription for an anti-arrhythmic drug and no previous use of
thyroid drugs. Within this cohort we conducted a nested case–control analysis. Cases were defined as all patients who started
a thyreomimetic or thyreostatic drug no sooner than 3 months after the start of an anti-arrhythmic drug. Controls were
patients with a comparable follow-up period not receiving any thyroid drugs during the observation period.
Results We identified 123 cases who had started thyreostatic drugs and 96 cases who had started a thyreomimetic drug.
In users of amiodarone we found an adjusted odds ratio of 6.3 (3.9–10.2) for hyperthyroidism and 6.6 (3.9–11.1) for
hypothyroid disease compared to users of other antiarrhythmics. Patients who were exposed to a cumulative dose exceeding
144 g of amiodarone had an adjusted odds ratio of 12.9 (6.1–27.3) for the development of hyperthyroid disease. The dose
response for development of hypothyroidism was less pronounced.
Conclusions We observed an increased risk for thyroid disorder at the high end of that reported in the literature. The
risk of thyroid disorder increased with exposure to higher cumulative doses. Clinicians should keep in mind the pos-
sibility of development of thyroid disorders in patients on treatment with amiodarone even after several years of use.
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INTRODUCTION

Due to aging of the population and decreased cardio-
vascular mortality in patients with acute coronary
artery disease the incidence of both congestive heart
failure and arrhythmias is increasing.1–3 Sudden death
is the major cause of death in patients with congestive
heart failure and is frequently associated with (ventri-
cular) arrhythmias.

Since class I antiarrhythmic drugs have proarrhy-
thmic effects and increase mortality, amiodarone or
implantable cardioverter defibrillators (ICD) are the
preferred treatment for ventricular arrhythmias.
Amiodarone is considered less likely to give rise to
secondary arrhythmias and may be especially benefi-
cial in patients with advanced heart failure and rapid
resting heart rates. Patients with refractory atrial fibril-
lation and ventricular arrhythmias in particular, are
frequently treated with amiodarone.4 Approximately
10% of patients with congestive heart failure receive
treatment with amiodarone.5

However several serious side-effects such as pneu-
monitis, skin reactions, liver function abnormalities
and thyroid disorders have been reported after
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exposure to amiodarone.6 These toxic effects seem to
be related to the total dose of amiodarone admini-
stered.7 Alterations in thyroid hormone metabolism
during treatment with amiodarone have been reported
for many years.8 Thyroid disorders may occur in
patients with pre-existing thyroid abnormalities and
in subjects with apparently normal thyroid glands.9

Several mechanisms for amiodarone-induced thyroid
dysfunction are postulated. Amiodarone is structu-
rally related to thyroid hormones and can inhibit the
conversion of thyroxine to triiodothyronine. Each
molecule of amiodarone contains two atoms of iodine.
Because of this high iodine content, amiodarone can
inhibit thyroid hormone synthesis and secretion.
Conversely, particularly in regions with a low intake
of iodine (e.g. the Netherlands and most European
countries) this high iodine content of amiodarone also
leads to excessive thyroid hormone synthesis and sub-
sequent hyperthyroidism. Inflammation is an alterna-
tive etiologic mechanism for the development of
hyperthyroidism.10

Data on the incidence of amiodarone-induced thyr-
oid disorders are conflicting. An incidence between 4
and 20% is reported.11–13 This variability in risk prob-
ably arises from several factors such as the duration of
treatment and the cumulative dose of amiodarone.
Different estimates of the risk of amiodarone-induced
thyroid disorders could also arise from the fact that
some studies counted all patients with elevated levels
of thyroid hormones, while other studies only counted
patients with clinical manifestations of thyroid dis-
order. This study aims to obtain reliable risk estimates
on amiodarone-induced thyroid disorders in a large
cohort of patients with a long follow-up period.

PATIENTS AND METHODS

Patients and data

Data were retrieved from the PHARMO record link-
age system, a database containing drug dispensing
records from community pharmacies and linked
hospital discharge records of a defined population of
300 000 residents of six medium-sized cities in the
Netherlands.14 Medication histories were collected
from 1986 to 1999. Drugs were coded according
to the Anatomical Therapeutic Chemical (ATC)
classification.

We selected a cohort of 17 228 patients with at least
one prescription for an antiarrhythmic drug (ATC-
code C01AA01-C01AX99 (digoxin and related
drugs), C01BA01-C01BX99 (other antiarrhythmics)
or C07AA07 (sotalol)). Patients with a follow-up of

less than 1 year, less than 180 days use of antiarrhy-
tmics and a history of thyreostatic or thyreomimetic
drugs in the year before the start of the antiarrhythmic
drug were excluded from the cohort. The remaining
study cohort consisted of 5522 patients representing
21 730 person-years of follow-up (mean follow-up
period 3.9 years). Within this cohort a nested case–
control analysis was performed.

Cases and controls

Patients receiving a prescription for a thyreostatic
drug (carbimazole, thiamazole or propylthiouracil)
with or without a simultaneous or succeeding pre-
scription for a thyreomimetic drug, were considered
to be treated for hyperthyroidism. Patients receiving
a thyreomimetic drug (levothyroxine or triiodothyro-
nine) without a simultaneous or preceding thyreostatic
drug were considered to be treated for hypothyroid
disorder. Patients, within the cohort of patients
receiving antiarrhythmics, who did not receive any
thyroid drugs served as controls. The date of the
start of a thyreostatic or thyreomimetic drug was the
index date of the cases. We assigned an index date to
controls comparable to the calculated average time in
the follow-up of the cases.

Exposure definition

A patient was defined as a current user when there was
at least one prescription for amiodarone filled in the
3 months before the start of the use of a thyroid drug.
To assess the presence of a dose–response relationship
we calculated the total amount of amiodarone dis-
pensed to the patient before the start of a thyroid drug.
The average maintenance dose of amiodarone was
200 mg. We therefore categorized exposure into less
than 72 g (less than 360 tablets of 200 mg; i.e.
approximately 1 year of use), between 72 and 144 g
(between 360 and 720 tablets of 200 mg; i.e. between
1 and 2 years of use) and more than 144 g (more than
720 tablets of 200 mg; i.e. more than 2 years of regular
use).

Data analysis

We performed a nested case–control analysis compar-
ing exposure in cases versus controls. Odds ratios
were calculated for exposure to amiodarone before
the start of the use of a thyroid drug (cases) or
matched index date (controls). We calculated odds
ratios both for current and prior use of amiodarone.
Multivariate unconditional logistic regression analysis
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was performed to adjust for potential confounders
such as age, sex and antiarrhythmic co-medication.

Kaplan–Meier survival curves were plotted to show
the percentage of amiodarone-treated patients in
whom treatment for either hyperthyroid or hypo-
thyroid disease was initiated as a function of time.

All statistical analyses were performed with Egret
(Egret for windows, version 2.0, Cytel Software
Corporation) and SPSS (SPSS for windows, version
10.0, SPSS Inc.) software.

RESULTS

In the cohort of 5522 patients exposed to any anti-
arrhythmic drug we identified 123 cases who had
started thyreostatic drugs (carbimazole, thiamazole
or propylthiouracil with or without a thyreomimetic
drug) and 96 cases who had started a thyreomimetic
drug (levothyroxine or triiodothyronine, without a
thyreostatic drug).

Hyperthyroid disease

The use of amiodarone was associated with an
increased risk for hyperthyroidism; crude odds ratio
4.9 (CI 95% 3.0–7.8), adjusted odds ratio 6.3 (CI 95%
3.4–8.4). In patients who were exposed to more than
144 g (720 doses of 200 mg) the adjusted odds ratio
was 12.9 (6.1–27.3) (Table 1). Almost 13% of patients

had developed hyperthyroidism 3.5 years after initia-
tion of amiodarone therapy. Most patients develop
hyperthyroidism between 2 and 3 years after the start
of amiodarone (Figure 1).

Since the incidence of hyperthyroid disease is
higher for women, we stratified for gender (Table 1).
The crude odds ratios for men and women were com-
parable, although slightly higher in men than women
(6.8 vs. 4.6). However we did not find a dose–response
relationship in women and a very clear dose–response
relationship in men (Table 1).

Figure 1. Development of thyroid disorder during follow-up

Table 1. Association between use of amiodarone and risk of hyperthyroid dysfunction

Cases Controls Crude OR Adjusted OR*
(N¼ 123) (N¼ 5303)

N % N %

Current use of amiodarone 24 19.5 250 4.7 4.9 (3.0–7.8) 6.3 (3.9–10.2)
Prior use of amiodarone 28 22.8 328 6.2 4.5 (2.8–7.1) 5.4 (3.4–8.4)

Total use < 72 g 10 8.1 171 3.2 3.1 (1.5–6.3) 3.4 (1.7–6.8)
Total use 72–144 g 8 6.5 100 1.9 4.2 (1.8–9.2) 4.9 (2.2–10.5)
Total use > 144 g 10 8.1 57 1.1 9.2 (4.3–19.3) 12.9 (6.1–27.3)

Stratified for gender
Female 88 71.5 2559 48.3

Current use of amiodarone 11 12.5 78 3.0 4.5 (2.2–9.2) 4.8 (2.4–9.5)
Prior use of amiodarone 15 17.0 109 4.3 4.6 (2.4–8.6) 4.9 (2.7–8.9)

Total use < 72 g 7 8.0 58 2.3 4.0 (1.6–9.6) 4.0 (1.8–9.2)
Total use 72–144 g 6 6.8 34 1.3 5.9 (2.2–15.3) 6.7 (2.6–16.9)
Total use > 144 g 2 2.3 17 0.7 3.9 (0.6–18.3) 4.4 (1.0–19.9)

Male 35 28.5 2744 51.7 0.4 (0.2–0.6) 0.3 (0.2–0.5)
Current use of amiodarone 13 37.1 172 6.3 8.8 (4.1–18.7) 8.2 (4.0–16.9)
Prior use of amiodarone 13 37.1 219 8.0 6.8 (3.2–14.4) 6.2 (3.0–12.6)

Total use < 72 g 3 8.6 113 4.1 2.7 (0.7–10.9) 2.7 (0.8–9.2)
Total use 72–144 g 2 5.7 66 2.5 3.5 (0.6–15.7) 3.5 (0.8–15.5)
Total use > 144 g 8 22.9 40 1.5 20.6 (8.8–58.4) 20.7 (8.4–51.2)

*Adjustment was made by multivariate logistic regression. Model contained gender, age, prior use of digoxin, sotalol, or any other
antiarrhythmic.
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Hypothyroidism

The use of amiodarone was associated with an
increased risk for hypothyroidism as well; crude
odds ratio 5.7 (CI 95% 3.4–9.4), adjusted odds ratio
6.6 (CI 95% 3.9–11.1). Unlike the development of
hyperthyroidism we could not find a clear association
between total exposure to amiodarone (in grams) and
the risk for developing hypothyroid disease (Table 2).
Approximately 10% of patients had developed hypo-
thyroidism 4 years after the initiation of amiodarone
therapy. Most patients develop hypothyroidism within
2 years (Figure 1).

Since the incidence of hyperthyroid disease is
higher for women, we stratified for gender (Table 2).
The crude odds ratios for men and women were
comparable, although slightly higher in men than
women (7.4 vs. 6.3). The data showed a tendency to
develop hypothyroid disease at higher exposures in
men (Table 2).

DISCUSSION

In this study we found an increased risk of 6.3
(3.9–10.2) for hyperthyroidism and 6.6 (3.9–11.1)
for hypothyroid disease comparing current users of
amiodarone with users of other antiarrhythmics.
Moreover, the results show a very clear relationship

between the total exposure to amiodarone and the
development of hyperthyroid disorder.

Although conventional pharmacological therapy
(synthetic (anti)thyroid drugs) is not always effective
in amiodarone-induced thyroid disease, all patients
will initially be treated with pharmacotherapy.15 So
this should not underestimate the presented risk. The
use of these drugs as an indicator of hyper- or hypo-
thyroid disease therefore seems appropriate. However
since amiodarone-induced thyroid disorders can
be subclinical and will not always be recognized, this
study only reports on cases who are treated for
thyroid disorders. We could therefore still have under-
estimated the risk for thyroid disorders.

Thyroid disorders are more frequent in females
than males.16 Arrhythmias on the other hand are more
frequent in men than women. Gender could therefore
be an important confounder. The relation between
thyroid disorders and age is less clear. Yet the relation
between age and arrhythmias is definite. Both gender
and age have therefore been included in our logistic
regression.

Previous research suggested that female sex was a
risk factor for development of thyroid disorder in users
of amiodarone.17 It is generally known that female
gender is a risk factor for thyroid disease.16 Stratifica-
tion showed that risk estimates for thyroid disorder for
men and women were comparable. This suggests that

Table 2. Association between use of amiodarone and risk of hypothyroid dysfunction

Cases Controls Crude OR Adjusted OR*
(N¼ 96) (N¼ 5303)

N % N %

Current use of amiodarone 21 21.9 249 4.7 5.7 (3.4–9.4) 6.6 (3.9–11.1)
Prior use of amiodarone 23 23.9 336 6.3 4.7 (2.9–7.5) 5.0 (3.0–8.3)

Total use < 72 g 7 7.3 163 3.1 2.9 (1.2–6.4) 3.2 (1.4–7.1)
Total use 72–144 g 10 10.4 97 1.8 6.9 (3.5–13.8) 8.5 (4.2–17.5)
Total use > 144 g 5 5.2 74 1.4 4.5 (1.8–11.5) 4.8 (1.9–12.5)

Stratified for gender
Female 66 68.8 2559 48.3

Current use of amiodarone 11 83 6.0 (2.8–12.3) 6.3 (3.2–12.7)
Prior use of amiodarone 12 18.2 114 4.5 4.8 (2.3–9.5) 5.0 (2.6–9.8)

Total use < 72 g 4 6.1 59 2.3 3.1 (0.9–9.2) 3.4 (1.2–9.7)
Total use 72–144 g 6 9.1 27 1.1 10.1 (3.6–27.0) 10.6 (4.1–27.4)
Total use > 144 g 2 3.0 28 1.1 3.2 (0.5–14.5) 3.3 (0.8–14.4)

Male 30 31.3 2744 51.7 0.4 (0.3–0.7) 0.3 (0.2–0.5)
Current use of amiodarone 10 166 7.8 (3.3–17.8) 7.4 (3.4–16.5)
Prior use of amiodarone 10 33.3 220 8.0 5.7 (2.5–13.1) 6.0 (2.8–13.0)

Total use < 72 g 3 10.0 104 3.8 3.6 (0.8–13.2) 3.2 (0.9–10.9)
Total use 72–144 g 4 13.3 70 2.6 7.2 (2.0–23.1) 7.0 (2.3–21.4)
Total use > 144 g 3 10.0 46 1.7 8.2 (1.9–30.7) 7.6 (2.1–27.0)

*Adjustment was made by multivariate logistic regression. Model contained gender, age, prior use of digoxin, sotalol, or any other
antiarrhythmic.
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although women have a higher baseline risk of thyroid
disorder, the relative risk when using amiodarone is
not higher in women. Furthermore it is interesting to
note that women tend to develop thyroid disorder
when they are exposed to lower total doses of amio-
darone than men. This could imply either that women
are more sensitive to developing thyroid disorder or
that doses given to women are relatively higher than
those administered to men. This warrants research
into differential dosing of amiodarone in both sexes.

Arrhythmias such as atrial fibrillation can be sec-
ondary to a thyroid disorder. It is not uncommon to
find that arrhythmias for which patients are treated
primarily, arise from a thyroid disorder.10 This would
lead to increased risk estimates when comparing the
risk of thyroid disorder in patients receiving amio-
darone with patients not receiving antiarrhythmic
drugs. We therefore restricted our study to a cohort
of patients treated with antiarrhythmics.

Since this is a non-randomized study the possibility
of confounding by indication should be examined.
Apart from including potential confounders in a
multivariate model, we explored this possibility by
calculating odds ratios for several other antiar-
rhythmics prescribed in our cohort. We did not find
any increased risk of thyroid disorders in users of
other antiarrhythmics except an association between
the use of digoxin and hyperthyroid disease (adjusted
odds ratio of 1.7, CI 95% 1.1–2.5). In our view this
moderate increase in risk may indeed be due to con-
founding by indication. We are supported in this by
the fact that we did not find an association between
the total exposure to digoxin and the development of
hyperthyroid disease as we observed for the use of
amiodarone (Table 1). This type of confounding will
probably not apply to amiodarone, since this drug is
not prescribed as first line therapy in patients present-
ing with arrhythmias.

Another source for potential confounding is co-
medication which has been linked to thyroid dis-
orders. Best documented are thyroid disorders due to
use of lithium, interferon and iodine-containing X-ray
contrast liquids. We did not include the use of this
co-medication in our logistic regression since the
use of these drugs is not frequent in our population.

In daily practice two strategies in patients receiving
long-term amiodarone seem appropriate: either regu-
lar control of serum thyroid hormone levels at least
twice a year or continuous monitoring for clinical
symptoms of thyroid disorder. Withdrawal of amio-
darone could be considered when thyroid disorders
occur. In many cases continuation of therapy will be
preferable. Amiodarone-induced hypothyroidism is

treated with levothyroxine and hyperthyroidism with
anti-thyroid drugs. Thyroidectomy is an option in
the case of resistance to treatment with anti-thyroid
drugs. Thyroidectomy can also be considered when
continued use of amiodarone is desired. The study
shows an incidence of thyroid disease that is at the
higher end of the scales reported in earlier literature
studies. This is probably related to the relative long
follow-up period. In our opinion our study may even
underestimate the absolute risk of amiodaron-related
thyroid disorder.

REFERENCES

1. Chugh SS, Blackshear JL, Shen WK, Hammill SC, Gersh BJ.
Epidemiology and natural history of atrial fibrillation: clinical
implications. J Am Coll Cardiol 2001; 37: 371–378.

2. Alpert JS. Atrial fibrillation: a growth industry in the 21st
century. Eur Heart J 2000; 21: 1207–1208.

3. Hoes AW, Mosterd A, Grobbee DE. An epidemic of heart
failure? Recent evidence from Europe. Eur Heart J 1998;
19(Suppl. L): L2–L9.

4. Goldberger JJ. Treatment and prevention of sudden cardiac
death: effect of recent clinical trials. Arch Intern Med 1999;
159: 1281–1287.

5. Ramahi TM, Longo MD, Rohlfs K, Sheynberg N. Effect of
heart failure program on cardiovascular drug utilization and
dosage in patients with chronic heart failure. Clin Cardiol
2000; 23: 909–914.

6. Vorperian VR, Havighurst TC, Miller S, January CT. Adverse
effects of low dose amiodarone: a meta-analysis. J Am Coll
Cardiol 1997; 30: 791–798.

7. Podrid PJ. Amiodarone: reevaluation of an old drug. Ann
Intern Med 1995; 122: 689–700.

8. Hawthorne GC, Campbell NP, Geddes JS, et al. Amiodarone-
induced hypothyroidism. A common complication of pro-
longed therapy: a report of eight cases. Arch Intern Med
1985; 145: 1016–1019.

9. Harjai KJ, Licata AA. Effects of amiodarone on thyroid func-
tion. Ann Intern Med 1997; 126: 63–73.

KEY POINTS

* Thyroid disorders during use of amiodarone
are common

* Thyroid disorders occur up to 4 years after
starting of amiodarone

* Start of thyreostatic or thyreomimetic drugs
can be used as a marker for the occurrence of
thyroid disorders

* Thyroid disorders occur more frequently in
females than males but relative risks during
use of amiodarone are comparable

* Females may develop thyroid disorders earlier
then men

amiodarone-induced thyroid dysfunction 605

Copyright # 2002 John Wiley & Sons, Ltd. Pharmacoepidemiology and Drug Safety, 2002; 11: 601–606



10. Klein I, Ojamaa K. Thyroid hormone and the cardiovascular
system. N Engl J Med 2001; 344: 501–509.

11. Lee KL, Tai YT. Long-term low-dose amiodarone therapy in
the management of ventricular and supraventricular tachyar-
rhythmias: efficacy and safety.Clin Cardiol 1997; 20: 372–377.

12. Martino E, Bartalena L, Bogazzi F, Braverman LE. The effects
of amiodarone on the thyroid. Endocr Rev 2001; 22: 240–254.

13. Trip MD, Wiersinga W, Plomp TA. Incidence, predictability,
and pathogenesis of amiodarone-induced thyrotoxicosis and
hypothyroidism. Am J Med 1991; 91: 507–511.

14. Herings RM, Bakker A, Stricker BH, Nap G. Pharmaco-
morbidity linkage: a feasibility study comparing morbidity in

two pharmacy based exposure cohorts. J Epidemiol Com-
munity Health 1992; 46: 136–140.

15. Gittoes NJ, Franklyn JA. Hyperthyroidism. Current treatment
guidelines. Drugs 1998; 55: 543–553.

16. Bjoro T, Holmen J, Kruger O, et al. Prevalence of thyroid
disease, thyroid dysfunction and thyroid peroxidase anti-
bodies in a large, unselected population. The Health Study
of Nord-Trondelag (HUNT). Eur J Endocrinol 2000; 143:
639–647.

17. Thorne SA, Barnes I, Cullinan P, Somerville J. Amiodarone-
associated thyroid dysfunction: risk factors in adults with
congenital heart disease. Circulation 1999; 100: 149–154.

606 m. l. bouvy et al.

Copyright # 2002 John Wiley & Sons, Ltd. Pharmacoepidemiology and Drug Safety, 2002; 11: 601–606


