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ABSTRACT

ACKGROUND: Many patients receiving amiodarone therapy are male. The long-term risk for amiod-
rone-induced thyroid dysfunction in these patients has not been systematically and prospectively inves-
igated. The purpose of this study was to determine the extent of amiodarone-induced thyroid dysfunction
n a large male cohort.
ETHODS: This is a substudy of a prospective randomized controlled trial (SAFE-Trial) in which

miodarone, sotalol, and placebo for persistent atrial fibrillation were evaluated. For the purpose of this
ubstudy, sotalol and placebo groups were combined into a control group. Serial thyroid function tests were
erformed over 1-4.5 years. Of the 665 patients enrolled in the SAFE-Trial, 612 patients were included in
his sub-study.
ESULTS: Subclinical hypothyroidism, thyroid-stimulating hormone (TSH) level 4.5-10 mU/L, was
een among 25.8% of the amiodarone-treated patients and only 6.6% of controls (P �.0001). Overt
ypothyroidism, TSH level �10 mU/L, was seen among 5.0% of the amiodarone-treated patients, and only
.3% of controls (P �.001). By 6 months, 93.8% of the patients who developed TSH elevations above 10
U/L on amiodarone had been detected. There was a trend toward a greater proportion of hyperthyroidism,

efined as a TSH �0.35 mU/L, in the amiodarone group compared with the control group (5.3% vs 2.4%,
� .07).
ONCLUSIONS: Hypothyroidism developed in 30.8% of older males treated with amiodarone and in
nly 6.9% of the controls. Hypothyroidism presented at an early stage of therapy. Hyperthyroidism
ccurred in 5.3% of amiodarone treated patients, and was a subclinical entity in all but 1 case. © 2007
lsevier Inc. All rights reserved.
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lthough the unique pharmacologic properties of amioda-
one and its varied clinical uses have been known for sev-
ral decades, its unparalleled effectiveness in maintaining
inus rhythm has emerged only in recent years. The drug’s
ajor shortcoming has been its propensity to induce disor-

ers of thyroid function. It causes various forms of thyroid

Supported by the Cooperative Studies Program of the Department of
eterans Affairs office of Research and Development.

Requests for reprints should be addressed to Elizabeth Batcher, MD,
epartment of Medicine, UCLA-Olive View Medical Center, 14445 Olive
iew Drive, Sylmar, CA, 91342.
hb@gmail.com

ront matter © 2007 Elsevier Inc. All rights reserved.
ed.2007.04.022
ysfunction ranging from elevated serum thyroxine (T4)
evels and low triiodothyronine (T3) levels in euthyroid
atients1 to overt hypothyroidism or hyperthyroidism. The
rimary cause of the thyroid dysfunction is the large
odine load that can cause either hypothyroidism or hy-
erthyroidism.2,3 Hyperthyroidism can also be caused by
thyroiditis that is iodine-independent, and known as

ype 2 hyperthyroidism.2,3

Studies examining the prevalence of amiodarone-induced
hyroid dysfunction vary in regard to geographic location and
odine intake, ratio of women to men, and length of follow-up.

ost studies have shown a trend toward more frequent

ypothyroidism in iodine-sufficient areas, such as the
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881Batcher et al Amiodarone and Thyroid Function
nited States, and more frequent thyrotoxicosis in iodine-
eficient areas, such as Italy.4,5 In general, amiodarone-in-
uced thyroid dysfunction is more common in patients with an
nderlying thyroid disorder. Rates of thyroid dysfunction have
een reported to be 14%-18%, with the highest prevalence
mong women and those with anti-
hyroid antibodies.2-4,6

The data reported in this article
eal with thyroid dysfunction in a
arge cohort of male patients treated
ith amiodarone and compared
ith a control group stemming from
substudy of the Sotalol Amioda-

one Atrial Fibrillation Efficacy
rial (SAFE-T).7 The objective of

he substudy was to determine the
ncidence of hypothyroidism, de-
ned as thyroid-stimulating hor-
one (TSH) �4.5 mU/L, or hyper-

hyroidism, defined as TSH �0.35
U/L, induced by amiodarone and

ompared with sotalol and placebo
s the control.

ETHODS

tudy Design
he details of the study (SAFE-T) design from which the
ata for the current report are derived have been reported
reviously.7 In brief, patients with persistent atrial fibrilla-
ion (AF) were randomly assigned to amiodarone, sotalol, or
lacebo after optimal anticoagulation (international normal-
zed ratio ranging from 2 to 3). After 4 weeks of therapy,
hose not in sinus rhythm (SR) had their AF electrically
ardioverted. Once SR was achieved, anticoagulation was
ontinued for at least 8 weeks. Recurrence of AF was
ocumented by weekly transtelephonic monitoring. All pa-
ients were followed for at least 1 year regardless of their
hythm status. Patients remaining in SR were maintained on
heir originally assigned treatment. Those who remained in,
r reverted to, AF after second cardioversion were placed on
pen-label medications with continued follow-up to 1 year.
hyroid function was examined at baseline, 3 months, 6
onths, and at every 6 months thereafter by measurement of

erum thyrotropin (TSH) concentration. Free T4 and total
3 levels were not consistently obtained.

tatistical Analysis
ncidence rates of hypothyroidism and hyperthyroidism be-
ween groups were compared using chi-squared test, or
isher’s exact test as appropriate. Logistic regression was
sed to calculate odds ratios. An alpha value of .05 or less
as considered to indicate statistical significance. All

tatistical tests reported were 2-sided. All analyses were
erformed using SAS version 8.0 (SAS Institute Inc.,

CLINICAL SIGNIF
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ESULTS

atients
total of 665 patients with persistent atrial fibrillation were

nrolled in the SAFE trial.7 There were 267 patients in the
amiodarone group, 261 in the so-
talol group, and 137 in the placebo
group. For this study, 53 patients
were excluded due to the lack of
TSH values at either baseline or
during follow-up. The sotalol and
placebo groups were combined to
form the control group, as neither
placebo nor sotalol would be ex-
pected to alter thyroid function.8,9

Table 1 shows the baseline char-
acteristics of the patients in the
amiodarone and control groups.
Overall, 607 of 612 patients (99%)
were male and 5 (0.8%) were fe-
male; mean age was 67.0 (�9.3)
years. Ninety percent of the pa-
tients were white and 5.7% were
black, without statistical differ-
ences in ethnic breakdown be-
tween the groups. There were no
significant differences in the preva-
lence of diabetes, ischemic heart

isease, smoking, or baseline TSH level between the groups.
ates of baseline levothyroxine therapy were similar be-

ween the control and amiodarone-treated groups, 1.4%
ersus 2.8%, respectively (P � .20). The pairwise compar-
sons showed that there were no statistical differences in
aseline TSH between original treatment groups.

Sixty-six of 365 patients in the control group received
pen-label amiodarone for at least 1 month during fol-
ow-up and were excluded from the outcome analysis in

CE

r men treated with
nt atrial fibrillation
e of hypothyroid-
% of those treated
.

also was associated
ificant increase in
vs 2.4%).

erapy, all patients
onitored for both
yperthyroidism.

ert hypothyroidism
hyroxine treatment.

Table 1 Baseline Patient Characteristics

Characteristics

Amiodarone
Group
(n � 247)

Control
Group
(n � 365)

P
Value

Age 67.1 � 9.4 66.9 � 9.2 .84
Sex

Male (%) 246 (99.6) 364 (98.9) .65
Body mass index (kg/m2) 31.3 � 5.8 31.5 � 5.9 .67
Current smokers (%) 4 (1.6) 3 (0.8) .45
Diabetes (%) 62 (25.2) 90 (24.7) .88
Ischemic HD (%) 64 (25.9) 88 (24.1) .61
Baseline TSH

(mU/L) (%)
Low: �0.35 5 (2.1) 3 (0.9) .18
Normal: 0.35 to 4.5 231 (95.0) 334 (93.8)
High: �4.5 7 (2.9) 19 (5.3)

Use of levothyroxine (%) 7 (2.8) 5 (1.4) .24

HD � heart disease; TSH � thyroid-stimulating hormone.
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able 2, Figure 1, and Figure 2. Those with open-label
miodarone tended to be younger (64.8 � 9.3 years) and had
higher body mass index (33.9 � 6.1 kg/m2) compared with

he remaining 299 patients in the control group (P � .04,
� .002, respectively). There were no significant differ-

nces in other demographic and clinical characteristics be-
ween the patients with open-label amiodarone and the re-
aining patients in the control group.

Table 2 Incidence of Hyperthyroidism and Hypothyroidism
During Follow-up*

TSH Level (mU/L)

Amiodarone
Group
n � 247
% (n)

Control
Group
n � 299
% (n)

P
Value

Hyperthyroidism
(TSH �0.35)

Yes 5.3 (13)† 2.4 (7)† .07
No 94.7 (232) 97.6 (291)

Subclinical hypothyroidism
(TSH �4.5-10)

Yes 25.8 (62)‡ 6.6 (19)‡
No 74.2 (178) 93.4 (271) �.0001

Overt hypothyroidism
(TSH �10)

Yes 5.0 (12)‡ 0.3 (1)‡
No 95.0 (228) 99.7 (289) �.001

TSH � thyroid-stimulating hormone.
*Excluding 66 patients with open-label amiodarone from the con-

trol group.
†Four patients who had low TSH at both baseline and follow-up

were excluded from analysis.
‡Twenty patients who had elevated TSH at both baseline and

follow-up were excluded from analysis.

igure 1 Figure reflects an updated analysis in which 66 pa-
ients with open-label amiodarone were excluded from the control
roup. Odds ratio (OR) and 95% confidence limits of hypothy-
oidism (TSH �4.5 mU/L) in the amiodarone group compared
ith the control group. Overall, patients on amiodarone had a
igher odds of hypothyroidism than those who were in the control
roup (odds ratio 4.5, 95% confidence limit 2.8-7.2). Odds of
ypothyroidism was significantly higher for the amiodarone group
han for the control group in each predefined stratum. Twenty
atients who had elevated TSH at both baseline and follow-up
mere excluded from analysis.
ncidence of Hypothyroidism and
yperthyroidism
able 2 presents the incidence of hypothyroidism and hy-
erthyroidism for patients in the amiodarone group and the
ontrol group. An elevation in TSH was classified into 2
evels: subclinical hypothyroidism, TSH �4.5-10 mU/L;
nd overt hypothyroidism, TSH �10 mU/L. There was a
igher incidence of subclinical hypothyroidism (25.8%) in
he amiodarone group compared with the control group
6.6%) (P �.0001). An elevation of TSH �10 mU/L was
een among 5.0% of the amiodarone-treated patients and
nly 0.3% of controls (P �.001), indicating that the patients
n amiodarone were more likely to develop overt hypothy-
oidism than those on placebo or sotalol. As hypothesized,
here was no significant difference in the incidence of hy-
othyroidism between the sotalol- and placebo-treated pa-
ients (data not shown).

Figure 1 shows the odds ratio of all degrees of hypothy-
oidism (TSH �4.5) for all amiodarone-treated patients and
ach subgroup of these patients in terms of age, ischemic
eart disease, diabetes, and duration of AF before the treat-
ent compared with the control group in which the patients

emained on sotalol or placebo. Overall, patients on amio-
arone had a higher likelihood to develop hypothyroidism
ompared with those in the control group (odds ratio 4.5,
5% confidence limit 2.8-7.2). The likelihood of developing
ypothyroidism in patients on amiodarone was significantly
igher than that in patients who were in the control group in
ll predefined strata.

There was a trend toward a higher incidence of hyper-
hyroidism, defined as a TSH �0.35 mU/L, in patients on
miodarone compared with those in the control group (5.3%
s 2.4%, P � .07) (Table 2). Among the 13 patients with
ow TSH levels in the amiodarone group, there were 8
atients with mild subclinical hyperthyroidism (TSH 0.1-
.34 mU/L), 4 patients with more significant subclinical
yperthyroidism (TSH �0.1 mU/L), and 1 patient with
vert hyperthyroidism requiring immediate treatment with

igure 2 Figure reflects an updated analysis in which 66 pa-
ients with open-label amiodarone were excluded from the control
roup. Rate of hypothyroidism (TSH �4.5 mU/L) for the amio-
arone and control groups at 3, 6, 12, and �12 months follow-up.
ethimazole.
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There were 66 patients in the control group who were
ssigned to sotalol or placebo but treated with open-label
miodarone during follow-up. It was noted that 11 of these 66
atients developed subclinical hypothyroidism and 1 patient
eveloped hyperthyroidism.

ime to Elevated TSH
atients tended to develop hypothyroidism early in the study.
igure 2 displays the cumulative percentage of the TSH ele-
ations that had been detected by month among the patients
ho developed hypothyroidism. Fifty-eight percent of pa-

ients who developed hypothyroidism in the amiodarone
roup and 50% in the control group were detected at the first
months after treatment inception. Hypothyroidism was

etected in approximately 76% of the patients in the amio-
arone group and 80% in the control group by 6 months.
tatistical differences in rates of elevated TSH levels were
ot found between the amiodarone and control groups. It
lso was noted that 91.7% of the patients on amiodarone
ho developed overt TSH elevations (�10 mU/L) had been
etected at 6 months and 88.7% of the milder elevations in
SH levels (4.5-10 mU/L) had been detected at the end of

he first year.

reatment with Levothyroxine
atients who developed elevated TSH levels while on ami-
darone were more likely to have been treated with levo-
hyroxine than similar patients in the control group. At 6
onths and 1 year, 29.7% and 52.7%, respectively, of the

atients with elevated TSH levels in the amiodarone group
ere receiving supplemental levothyroxine. In contrast,
one of the patients who developed hypothyroidism in the
ontrol group were treated with levothyroxine (P �.0001).
t also was noted that among the amiodarone group a sig-
ificantly higher proportion of patients with overt hypothy-
oidism were treated with levothyroxine than those with
ubclinical hypothyroidism. At 6 months, 25.0% of the
atients with overt hypothyroidism in the amiodarone group
sed levothyroxine, compared with 4.7% of the patients
ith subclinical hypothyroidism in the same group

P � .002). Similarly, at 1 year, approximately 43% of pa-
ients in the amiodarone group with overt hypothyroidism
ere taking levothyroxine, whereas only 9.8% the patients
ith subclinical hypothyroidism were prescribed levothy-

oxine (P �.0001).

ISCUSSION
ince amiodarone became available in the United States for
nti-arrhythmic therapy in the 1980s, there have been nu-
erous reports of associated changes in thyroid hormone
etabolism, as well as clinically significant thyroid dys-

unction.10-15 Our study shows that amiodarone-induced
ypothyroidism is common among a cohort of older men
reated for atrial fibrillation as compared with a control
roup in a blinded study. If subclinical hypothyroidism, TSH

4.5-10 mU/L, is included, 31% of the patients on amioda- i
one developed hypothyroidism. Although antibody testing
as not done in our patients, the rate of positive antithyroid

ntibodies in this predominantly white male cohort is likely
o be similar to the 12.9%-14.4% reported among a large
opulation of 60-79-year-old white males in the NHANES
II (National Health and Nutrition Examination Survey)
tudy.16 Thus, despite a lower predisposition to thyroid
ysfunction in men, nearly one third of all patients treated
ith amiodarone developed some degree of hypothyroid-

sm, compared with 6.9% among the controls (P �.0001).
his incidence of high TSH levels among our control group

s similar to the 8%-12% reported for men and women from
0-79 years of age in the NHANES III study. Because T4
evels were not consistently obtained during the follow-up
eriod, we cannot determine the rate of overt hypothyroid-
sm as defined by an elevated TSH level with low FT4.
nstead, TSH levels above 10 mU/L were used as the cutoff
or overt hypothyroidism,10 and were found among 5.0% of
he amiodarone-treated group, compared with 0.3% in the
ontrol group (P �.001).

Patients who developed elevations in their TSH levels
id so early in both the amiodarone and control groups. At
months, 76% of the cases of hypothyroidism in the amioda-

one group and 80% of the cases of hypothyroidism in the
ontrol group had been detected. Of the patients on amioda-
one who developed TSH elevations above 10 mU/L, 92% had
een detected at 6 months. A trend showed that hyperthy-
oidism, defined as TSH �0.35 mU/L, was more common
mong the amiodarone-treated patients. Because hyperthy-
oidism was a subclinical entity in all but 1 patient, and rare
n absolute numbers, the analysis was directed toward only
he hypothyroid patients.

Amiodarone contains 37% iodine by weight. A 200-mg
tandard daily dose provides about 300 times the usual daily
odine intake. With initiation of treatment, the thyroid rap-
dly responds to the iodine load with a reduction in thyroid
ormone synthesis, known as the Wolff-Chaikoff effect.
atients with normal thyroid function “escape” from the
olff-Chaikoff effect by reducing thyroid iodide trans-

ort.12 Predictable changes of hormone levels that occur
ithin the first week of therapy include a decrease in serum
3 levels and increase in serum reverse T3, T4, and TSH

evels due to inhibition of type 1 5=-deiodinase in peripheral
issues and type 2 5=-deiodinase in the pituitary.13 After
pproximately 3 months of amiodarone, the compensatory
ncrease in T4 levels reaches a steady state, and a majority
f patients regain normal TSH levels.1 Through this escape
echanism, most patients remain clinically euthyroid while

aking amiodarone.10 However, the large iodine load can
ead to hypothyroidism in patients who do not escape from
he Wolff-Chaikoff effect. Additionally, a more recent study
y Tedelind et al reported that amiodarone and its iodide-
ree analog dronedarone are capable of inhibiting iodide
ptake by thyroid follicular cells by way of an iodine-
ndependent mechanism that does not involve the sodium-

odide symporter.14
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Amiodarone-induced hypothyroidism is more common
mong populations with sufficient iodine intake, such as in
he United States. One study comparing an iodine-sufficient
rea of Massachusetts and an iodine-deficient area of Italy
ound rates of amiodarone-induced hypothyroidism, as de-
ned by elevated TSH levels and low or low-normal thy-
oxine level, to be 22% in Massachusetts and 5% in Italy.15

ther risk factors for amiodarone-induced hypothyroidism
nclude female sex and the presence of antithyroid antibod-
es.4,6 Antithyroid peroxidase antibodies are more common
mong white compared with black and Mexican-American
ndividuals; 14.3%, 5.3%, and 10.9 %, respectively.16 Among

group of 58 patients studied in the Netherlands with an
verall incidence of amiodarone-induced hypothyroidism of
.9%, female sex and antithyroid antibodies were associated
ith relative risks of hypothyroidism of 7.9 and 7.3, respec-

ively. Women with antithyroid antibodies had a combined
elative risk for developing amiodarone-induced hypothy-
oidism of 13.5.5

Less is known about the development of amiodarone-
nduced hypothyroidism in men. Albert and colleagues re-
orted the thyroid function tests of a male-predominant
roup on chronic amiodarone therapy followed for a mean
f 27 months.17 Sixty-five percent of the 99 patients were
ale and all were euthyroid at baseline. Hypothyroidism
as defined as a TSH level �20 with a thyroxine level less

han the lower limit of normal. In the male subgroup, 30%
ecame hypothyroid.

The laboratory diagnosis of hypothyroidism in patients
n amiodarone therapy has evolved in the past 2 decades.
ecause of the absence of clinical features of hypothyroid-

sm and the alteration of thyroid function tests by the block-
de of T4 deiodination induced by amiodarone,18 resulting
n elevation of serum T4 and free T4, the criterion for
iagnosis of hypothyroidism was serum TSH �14 mU/L.19

owever, in recent years there has been increasing inter-
st in the effect of subclinical hypothyroidism on the
ardiovascular system.20-23 Although there is debate about
he benefits of treatment of patients with serum TSH levels
f 4.5-10 mU/L, there is general agreement that patients
ith subclinical hypothyroidism and serum TSH levels �10
U/L will benefit from treatment.24 It seems reasonable to

pply this recommendation to patients on amiodarone, and
n this study, 5.0% of patients on amiodarone warranted
evothyroxine treatment.

It is evident from this study that practitioners are hesitant
o start levothyroxine therapy in patients on amiodarone
espite TSH levels �10 mU/L, possibly because of concern
hat the euthyroid state will cause recurrence of the atrial
brillation. At 1 year, only 43% of patients with this degree
f dysfunction on amiodarone were treated with levothy-
oxine. With this same level of hypothyroidism, an even
ower proportion of patients on sotalol or placebo were
reated with levothyroxine.

In regard to amiodarone-induced thyrotoxicosis, 5.3% of

atients in this study developed low TSH levels while on
miodarone, as compared with 2.4% among the control
roup (P � .07). Only 1 of the 13 patients with low TSH
evels developed overt hyperthyroidism with clinical fea-
ures of hyperthyroidism and elevated thyroxine level. The
emaining 12 patients had subclinical hyperthyroidism that
id not require antithyroid drugs or cessation of amioda-
one. Recent prospective and controlled studies have impli-
ated antithyroid antibodies4,6,25 and iodine deficiency in
he pathogenesis.15 Our low rate of thyrotoxicosis is not
ompletely unexpected in an iodine-sufficient area such as
he United States. In one study done in iodine-sufficient

assachusetts, 2.0% of patients developed amiodarone-in-
uced thyrotoxicosis compared with 10% in an iodine-
eficient region of Italy.15 However, the reported preva-
ence of thyrotoxicosis has varied greatly depending on the
roup studied. Trip and colleagues followed 58 euthyroid
atients, 72% male, for a mean of 21 months in a moder-
tely iodine-sufficient area of the Netherlands.5 The inci-
ence of amiodarone-induced thyrotoxicosis was 12.1%,
nd occurred at any time during therapy.

In summary, amiodarone-induced hypothyroidism devel-
ped in 30.8% of older men treated with amiodarone for
hronic atrial fibrillation compared with the control group
nd presented early during therapy. Serum TSH levels �10
U/L were found in 5.0% of amiodarone-treated men, and

his should warrant treatment with thyroxine. Hyperthyroid-
sm occurred in 5.3% of amiodarone-treated patients, but
as a subclinical entity in all but 1 case and not statistically
ifferent from the rate in the control group. Given the high
ate of hypothyroidism among patients taking amioda-
one, monitoring of thyroid function is recommended at
aseline, 3 months, and every 6 months thereafter during
he therapy.
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