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ABSTRACT

Amiodarone, used in the treatment of cardiac arrhythmias, is associated
with thyroid dysfunction. No reports exist on its frequency in southern Brazil,
nor studies evaluating the usefulness of clinical scores to diagnose thyroid
abnormalities in these patients. This study aimed at determining the
prevalence of amiodarone-induced thyroid dysfunction in a representa-
tive sample from a tertiary center, to study the conditions associated to
this dysfunction and to evaluate the reliability of clinical scores of hypo
and hyperthyroidism. One hundred ninety-five amiodarone users were
submitted to a clinical and laboratory evaluation. Of these, 2.1% were
hyperthyroid, 25.1% hypothyroid and 9.2% had only a high T,. Considering
thyroid dysfunction variables researched, thyroid autoimmunity was posi-
fively associated (OR 4.8; p= 0.02), and male gender had a trend to a
positive association (OR 1.86; p= 0.06). Clinical scores were highly sensitive
for hyperthyroidism (100%), but not for hypothyroidism (8%). The low preva-
lence of amiodarone-induced hypothyroidism suggests that this specific
region is iodine-sufficient. All patients receiving chronic amiodarone ther-
apy should be checked for clinical scores for hyperthyroidissn and labo-
ratory evaluation should be performed, as a screening for thyroid dys-
function, especially if they are male or have positive microsomal anti-
bodies. (Arq Bras Endocrinol Metab 2005;49/6:916-922)

Keywords: Amiodarone; Hyperthyroidism; Hypothyroidism; Thyroid dys-
function; Risk factors

RESUMO

Disfuncéo Tiroideana Induzida por Amiodarona em Um Centro Tercidrio
do Sul do Brasil.

A amiodarona, usada no tratamento de arritmias cardiacas, estd associ-
ada com disfuncdo tiroideana. NGo existem relatos sobre sua frequéncia
no sudeste do Brasil e nem estudos avaliando a utilidade de scores clini-
cos para o diagnéstico de anormalidades tiroideanas nesses pacientes.
Este estudo visou determinar a prevaléncia de disfuncdes tiroideanas
induzidas pela amiodarona numa amostra representativa de um centro
tecidrio, para estudar as condi¢cdes associadas a esta disfun¢cdo e para
avdliar a confiabilidade de scores clinicos para hipo e hipertiroidismo.
Avalia¢ao clinica e laboratorial foi realizada em 195 pacientes em uso de
amiodaronag; desses, 2,1% tinha hipertiroidismo, 25,1% hipotiroidismo e
9.2% tinha apenas um T, elevado. Considerando as varidveis pesquisadas
de disfuncdo tiroideana, a autoimunidade tiroideana estava associada
positivamente (OR 4,8; p= 0,02), e o sexo masculino feve uma tendéncia
para associacdo positiva (OR 1,86; p= 0,06). Os scores clinicos mostraram-
se altamente sensiveis para o hipertiroidismo (100%), mas ndo para o
hipotiroidismo (8%). A baixa prevaléncia de hipotiroidismo induzido pela
amiodarona sugere que esta regido geogrdfica especifica seja sufi-
ciente em iodeto. Todo paciente recelbendo terapia crénica com amio-
darona deve ser investigado pelos scores clinicos para hipertiroidismo e
avaliado laboratorialmente com um screening para disfuncdo
firoideana, especialmente se for do sexo masculino ou tiver anticorpos
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anti-microssomais positivos. (Arq Bras Endocrinol
Metab 2005;49/6:916-922)

Descritores: Amiodarona; Hipertiroidismo; Hipotiroidis-
mo; Disfuncdo tiroideana; Fatores de risco

MIODARONE IS AN IODINE-RICH drug that has

been tested in many clinical trials to control car-
diac arrhythmias and is now widely used (1). In usual
doses, it may generate 6mg iodine a day, much higher
than the optimal iodine intake recommended by the
World Health Organization, which is 0.15 to
0.3mg/day. These pharmacological doses of iodine
may affect thyroid hormone production and secretion
(2). Common abnormalities, usually asymptomatic,
are increases in serum thyroxine (T4) and reverse tri-
iodothyronine (rT3) levels, accompanied by a decrease
in serum trilodothyronine (T3), determined by amio-
darone inhibition of type 1 deiodinase (3). Amio-
darone-induced thyrotoxicosis (AIT) occurs in 1.4 (4)
to 21% (5) of the users. Some patients present a slight
transient increase in serum thyrotropin (TSH) in the
first months of therapy, and 1.9 (6) to 27% (7) will
develop permanent hypothyroidism. This wide range
of hypo and hyperthyroidism rates could be related to
the variability in the hyper and hypothyroidism crite-
ria, or to the iodine intake of the population studied.

Previous thyroid disease, as well as low iodine
intake, predisposes amiodarone users to AI'T (8), while
positive thyroid antibodies may be predicitive of amio-
darone-induced hypothyroidism (AIH) (9). Neverthe-
less, some authors described an increasing incidence of
AIT in Japan, where iodine intake is sufficient (10),
and others did not find specific risk factors for adverse
thyroid effects due to amiodarone (11). Indeed, it was
recently shown that amiodarone itself might induce
apoptosis in thyroid cells, exerting direct cytotoxicity
independent of its iodine content (12).

Recently the importance of symptoms and signs
of both hyperthyroidism and hypothyroidism in the
diagnosis of thyroid dysfunction has been questioned,
since they are non-specific and can be mimicked by other
conditions. The development of TSH assays with
improved sensitivity has been changing the diagnosis of
thyroid dysfunction: subclinical hypo and hyperthy-
roidism are being diagnosed by the presence of high and
low TSH, respectively, associated with normal free thy-
roid hormone values in asymptomatic individuals (13).
None of the studies on amiodarone-associated thyroid
dysfunction had evaluated the relationship between clin-
ical and laboratory diagnosis, i.e., whether clinical scores
are useful or not to diagnose the usual thyroid abnor-
malities seen in this patient setting.
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The aim of the present study was, therefore, to
evaluate thyroid function in patients using amiodarone
with several cardiac diseases on an outpatient basis.
Furthermore, we studied possible associated variables,
which could be predictive of thyroid dysfunction
among amiodarone users and the reliability of clinical
scores of hypo and hyperthyroidism to reflect labora-
tory abnormalities in this patient setting.

METHODS

The Institute of Cardiology of Rio Grande do Sul is a
tertiary center to which patients are referred from all
over the state of Rio Grande do Sul. This state is the
southernmost of Brazil bordering on Argentina and
Uruguay. Since there is no information concerning the
prevalence of thyroid dysfunction in this region, it was
assumed as 5% among the population at large and 15%
among amiodarone users. Considering that approxi-
mately 8% of the patients with an appointment in the
outpatient department were amiodarone users, as
identified by a pilot study, 160 patients were the num-
ber needed for a representative sample of amiodarone
users in the outpatient clinic (beta error of 80%).
Patients were selected from the outpatient
appointments and asked whether amiodarone was part
of their treatment. All patients identified as amio-
darone users were included. A questionnaire was given
and a clinical examination performed by medical stu-
dents previously trained by the principal investigator,
an endocrinologist. There were no exclusion criteria.
Patients were asked about duration of therapy and
amiodarone dose, symptoms of hyperthyroidism (exer-
tional dyspnea, palpitations, tiredness, preference for
cold, excessive sweating, nervousness, increased
appetite and weight lost), and hypothyroidism (dimin-
ished sweating, hoarseness, paraesthesia, dry skin, con-
stipation, hearing impairment, weight gain). Thyroid
glands were inspected by palpation. Heart rate, blood
pressure, weight, height, presence or absence of fine
finger tremor, hyperkinetic or slow movements, hot
and/or moist hands, coarse skin, cold skin, periorbital
puftiness were assessed. These symptoms and signs
were used to calculate indices of hyperthyroidism (14)
and hypothyroidism (15) as suggested in literature.
Blood samples were collected for thyroid function
tests (T3, T4, TSH and microsomal antibodies).
Thyroid hormones (T3 and T,) and TSH by a
sensitive assay (sTSH) were measured by polarized flu-
orescence using commercial kits (Abbott, Park, IL,
USA). Reference values for T; are 47-135ng/dL, for
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T4 4.5-12.5ng/dL and for sTSH 0.32-5mU /L. The
coefficients of variation for each sample were less than
9.8% for T3, 8.6% for T, and 8% for TSH. Microsomal
antibodies (McAb) were measured by hemagglutina-
tion, using commercial kits (Abbott-Murex, Park, IL,
USA). Significant antibody titers were thought to be
present at a dilution greater than 1:100.

The prevalence of thyroid dysfunction was
based exclusively on hormone determinations. Patients
with sTSH equal or lower than 0.1mU /1 were consid-
ered to have hyperthyroidism, subclinical if T3 and Ty
were normal and clinical if T; and/or T, were high.
Patients with sTSH equal or higher than 5mU /I were
considered to have hypothyroidism, subclinical if T;
and T, were normal and clinical if T; and/or T, were
low. The criterion used to diagnose hyperthyroidism
was based on the guidelines of the American Thyroid
Association (2000), suggesting that virtually all types
of hyperthyroidism encountered in clinical practice are
accompanied by a serum sTSH concentration lower
than 0.1mIU/L and not with sTSH just below the
normal range (16). On the other hand, high sTSH,
even though just above the upper limit of the normal
range, is implicated in depression and higher choles-
terol levels, which are representative of tissue hypothy-
roidism (15). High thyroxine levels, associated with a
normal sTSH in patients using amiodarone, were con-
sidered an adverse drug effect.

The following possible associated variables were
explored: sex, age, race, thyroid autoimmunity, dura-
tion of therapy, and amiodarone dose. The amio-
darone dose was coded as a categorical variable with
low (< 200mg/d), medium (200mg/d) and high (>
200mg/d) levels.

The protocol was approved by the Research
Unit Ethics Committee and informed consent was
obtained from each patient.

STATISTICAL ANALYSIS

All data are expressed as mean = SD. The level of sig-
nificance was 0.05 for all analyses. Differences between
mean values of variables were tested by one-way
ANOVA when more than 2 groups were compared.
Risk factors were determined using univariate analysis.
Categorical variables were analyzed using chi-square
analysis. Continuous variables were analyzed using the
unpaired Student ¢ test. The association of different
variables (gender, age, race, amiodarone dose, dura-
tion of therapy and presence of thyroid autoimmunity)
and thyroid dysfunction (dependent variable) was
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analysed by a multivariate regression logistic model
and expressed as odds ratio, with 95 percent confi-
dence intervals using thyroid dysfunction as a depen-
dent variable. A non-parametric regression model
(Spearman) was used to assess the relationship
between clinical scores and hormone measurements.
Sensitivity and specificity of the clinical scores were cal-
culated considering hormone measurements as the
gold standard.

RESULTS

All 3,552 patients 18 years old or more, attending the
outpatient department of IC-FUC during 6 weeks
between November 2000 and May 2001, were asked
whether they used amiodarone. Of these, 214 (6%)
were using the drug, but 19 did not want to participate
in the study, and thus the 195 remaining patients were
evaluated. The underlying cardiac diseases included
coronary artery disease (28.7%), cardiomyopathy of any
etiology (20.5%), valvular heart disease (19%), heart
failure (9.2%) and systemic hypertension (41.1%).

A total of 195 patients were studied, 89.2%
Caucasian, 102 male (52.3%), with ages ranging from
18 to 97 years (59.3 + 14.8 years). Among the 195
patients evaluated, 142 were cuthyroid, 49 (25.1%)
were hypothyroid and 4 (2.1%) were hyperthyroid.
Eighteen (9.2%) euthyroid patients had only high T,
levels. Goiter was present in 14.9% of the whole pop-
ulation studied. The clinical characteristics of these
individuals are shown in table 1.

Except for the presence of microsomal antibod-
ies, none of the factors evaluated were significantly dif-
ferent in patients who developed amiodarone-induced
hypothyroidism compared with those who did not.
These data are shown in table 2. Thirty-four patients
(17.4%) were using a low dose of amiodarone (<
200mg/d), 150 (76.9%) were on a medium dose
(200mg/d) and 9 (4.6%) were on a high dose (>
200mg/d). These data revealed that the population
studied usually had been prescribed 200mg/d of
amiodarone. The association between amiodarone
dose and thyroid dysfunction was not assessed because
of the small number of patients using high and low
doses. Variables associated with amiodarone-hyperthy-
roidism were not assessed because of the small number
of patients with this diagnosis.

There was no relationship between age, race and
duration of therapy and the development of thyroid dys-
function. However, the odds ratio of thyroid autoimmu-
nity, expressed as positive McAb, was 4.8 (95% CI,
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Table 1. Clinical data of the patients studied.

All patients Euthyroid Hypothyroid Hyperthyroid
Number of cases (n and %) 195 142 (72.8) 49 (25.1) 42.1)
Age (years) 503+ 15 503+ 14 58.7 + 11 66.7 + 12
% of men 52.3 48.6 61.2 75
BMI (kg/m?2) 264 + 4 26.8 + 4 256 +4 254 +5
Caucasian (%) 89.2 89.4 91.8 50
Heart rate (bpm) 71.7 £12 71.5£12 723 £ 14 72.7 £ 10
Systolic Blood Pressure (mmHQ) 128.5 + 22 130.2 + 23 123.7 £ 20 130.0 + 36
Diastolic Blood Pressure (mmHg) 785+ 14 789+ 14 779 +13 66.7 £ 6
Duration of tfreatment (months) 35.7 + 21 36.0 £ 22 34.1 £ 19 48.5 + 31
T3 (ng/dL) 749 £ 18 743 £ 15 75.8 £ 24 84.2 + 33
T, (ng/dL) 913 992 6.7 £3** 14.1 + 4~
TSH (mU/I) 6313 1.8+1 19.9 + 21** 0.06 + 0.02#
McAb + (%) 5.1 2.8 12.2** 0

* p< 0.05 vs. euthyroid and hypothyroid individuals; ** p< 0.05 vs. euthyroid and hyperthyroid individuals; # p< 0.05 vs. hypothy-

roid individuals

Table 2. Associafion between amiodarone-induced hypothyroidism and different variables (means + SD and %).

Hypothyroidism No hypothyroidism P
Male/Female (%) 61.2/38.8 49.3/50.7 0.14
Age (years) 58.7 + 10.9 59.5+156.9 0.75
Caucasians/Blacks (%) 91.8/8.2 88.4/11.6 0.49
Duration of therapy (months) 34.1 +18.9 36.3 +22.1 0.53
McADb + (%) 12.2 2.8 0.009

1.28-18.6, p= 0.02). Although not statistically signifi-
cant, the odds ratio of the male gender for thyroid dys-
function was 1.86 (95% CI, 0.95-3.63, p= 0.06), show-
ing a tendency for men to develop amiodarone-induced
thyroid dysfunction. The data are shown in table 3.

Of the patients classified as hypothyroid based
only on laboratory tests (n= 49), 8.1% were considered
hypothyroid based only on clinical grounds. Of the
patients classified as hyperthyroid based only on labo-
ratory tests (n=4), 100% were designated as hyperthy-
roid based only on clinical grounds. Taking laboratory
tests as the gold standard for thyroid dysfunction diag-
nosis, these data confer 8% sensitivity and 99% speci-
ficity for the hypothyroidism score and 100% sensitiv-
ity and 14% specificity for the hyperthyroidism score.
However, there was no correlation between the clini-
cal scores as suggested for evaluation and TSH mea-
surements (r= 0.04, p= 0.60 for hypothyroidism and
r= -0.01, p= 0.88 for hyperthyroidism). Subclinical
hypothyroidism was present in 35 out of 49 cases, but
no cases of subclinical hyperthyroidism were detected.

DISCUSSION

There is a high prevalence of amiodarone-associated
thyroid dysfunction (27.1%) in this sample of adults
with any kind of cardiac disease, especially hypothy-

Arqg Bras Endocrinol Metab vol 49 n° 6 Dezembro 2005

roidism (25.1%). Thyroid autoimmunity is significant-
ly associated with the development of thyroid dysfunc-
tion and hypothyroidism. Male gender, although not
statistically significant, was also positively associated
with thyroid dysfunction.

Our study is the first in Latin America that
evaluated amiodarone users with all kinds of cardiac
diseases, in a number sufficient to identify differ-
ences between the observed prevalence in the sample
studied and the expected prevalence in the whole
population. Besides our own study, we know only of
two others carried out in Latin America dealing with
the prevalence of thyroid dysfunction among amio-
darone users: one was also performed in Brazil, but
studied only chagasic patients (7) and one per-
formed in Argentina, part of a multicentric study,
which also included European and Canadian centers.
Since the results were published together, it was not
possible to detect regional differences in amio-
darone-induced abnormalities, which are well
known to occur (4). It is possible that a number of
patients evaluated in our study already have thyroid
dysfunction, which could not be attributed to amio-
darone use, because it was a cross-sectional study.
Since the prevalence of thyroid dysfunction in the
general population is low (16-20), the differences
between our findings and the real ones should also
be low.
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Table 3. Associafion between different variables and amiodarone-induced thyroid dysfunction (logistic

regression model).

Risk factors Beta OR Cl (95%) P

Gender (male) 0.62 1.86 0.95-3.63 0.06
Age (years) 0.0036 1.0 0.97-1.02 0.77
Race (Caucasian) 0.62 0.73 0.25-2.08 0.56
Duration of therapy(months) -0.0048 0.89 0.97-1.01 0.57
McAb + 1.56 4.8 1.28-18.6 0.02

Transient abnormalities in thyroid hormone
metabolism are usually observed during the first
months of therapy with amiodarone (21). We could
not attribute the high prevalence of hypothyroidism in
our sample to these transient abnormalities, since all
hypothyroid patients we detected had been treated
with amiodarone for more than 3 months.

Amiodarone-induced hypothyroidism prevails
in areas with a high iodine intake, therefore our data
simply confirm that Rio Grande do Sul is an iodine-
sufficient area (22), similar to results obtained in Mass-
achussetts (8) and in Sao Paulo (7). Accordingly, the
low prevalence of goiter in the whole studied popula-
tion, of 14.9%, compared to 60% observed in iodine-
deficient areas (23), supports the idea of an adequate
supply of iodine in our region.

Other mechanisms could also be operating to
determine the hypothyroidism, since some iodine-suf-
ficient areas do not have so many cases of AIH (11).
Hypothyroidism associated with chronic amiodarone
administration can result from the disclosure of previ-
ous thyroid autoimmune disease. Thyroid autoimmu-
nity can be triggered by high iodine intake, which
inhibits thyroid hormone synthesis (9). In our sample,
individuals who developed AIH had positive McAb
more frequently as compared to those who did not
develop AIH. However, only 13% of those individuals
had positive McAb. Other authors described a preva-
lence of 33 to 40% of thyroid autoimmunity in these
patients, much higher than ours (8). It must be
emphasized that these data were obtained employing
similar assays in terms of sensitivity as we did.

In the absence of thyroid antibodies it is specu-
lated that ATH is caused by a subtle defect in thyroid
hormone synthesis. These patients could be more sus-
ceptible to the inhibitory effect of iodide on hormone
synthesis (Wolff-Chaikoft effect) and fail to escape this
effect (8), temporarily or permanently. In vitro studies
showed inhibitory effects on amiodarone-treated thy-
roid cells at lower iodide concentrations than those
seen in iodide-treated cells. Because of that, hypothy-
roidism could have been induced by the drug as a
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result of the combined effects of the constant iodide
release associated with a specific drug toxicity (24).

In agreement with the statement that AIH pre-
vails in iodine-sufficient areas and AIT in iodine-defi-
cient areas, and considering our state an iodine-suffi-
cient area, we observed a very low prevalence of hyper-
thyroidism in our sample. The few (four) cases of
hyperthyroidism, together with the 49 cases of
hypothyroidism, present results similar to those
obtained in developed countries, which are tipically
iodine-sufficient (25). However, since the study of
Harjai et al. was a retrospective analysis of cases that
were referred to a main center because of suspected
thyroid dysfunction, it was not as reliable as ours in
determining the prevalence of thyroid dysfunction in a
specific population. The only other study showing a
low prevalence of thyrotoxicosis among amiodarone
users (1.4%), similar to ours, was presented recently at
the 22nd Annual Scientific Sessions of the North
American Society of Pacing and Electrophysiology (4).
However, as previously mentioned, this study analyzed
data from different countries together, which does not
permit the observation of regional differences of thy-
roid dysfunction prevalence. It is possible that high
prevalences of hyperthyroidism, usually observed in
European countries (8,21), analyzed together with the
low prevalences observed in the United States (25)
produced biased final results.

The unusually high prevalence of AIT in the
studies by Thorne et al., performed in an intermediate
region concerning iodine sufficiency, and by Sato et
al., who studied referred patients suspected of having
amiodarone-induced thyroid dysfunction to a tertiary
center, calls attention to other factors in the patho-
genesis of this disorder. Some of these factors have
been proposed by others: 1) An iodine-induced thy-
roid auto-regulation disorder, precipitating Graves’
disease (26); 2) A possible cytotoxic effect of amio-
darone itself on thyroid follicles (12); or 3) A suscep-
tibility of the individual patient, since certain HLA
genes have been associated with AIT (27) can con-
tribute to the development of thyrotoxicosis.
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Concerning the variables studied in search of
those with a possible causal relation to thyroid dys-
function, our study shows that there is an association
between amiodarone-induced thyroid dysfunction,
especially AIH, and positive thyroid antibodies. Simi-
lar results have already been described by other
authors (21,28). It is possible that amiodarone precip-
itated the onset of preexisting autoimmune disease in
these patients. However, the increased association
between amiodarone-induced thyroid dysfunction and
male gender was not previously reported. Indeed,
other risk factors described before are female gender
(5,21), presence of cyanotic heart disease (5), cumula-
tive dose (29), body mass index and geographic loca-
tion (4). The increased risk of amiodarone-associated
thyroid dysfunction in women may be a reflection of
their greater propensity to autoimmune thyroid dis-
ease. This fact could explain why female gender was
not associated with thyroid dysfunction in our study,
since the prevalence of thyroid autoimmunity in our
sample was very low (5.1%). The finding of Crystal et
al. that residence in Europe predisposes to AIT and
residence in North America predisposes to ATH simply
reflects the different iodine supply of the two regions,
as already discussed. It is still unclear why cyanotic
patients and those with low (increased risk for AIT) or
high body mass index (increased risk for ATH), besides
being male are at increased risk of amiodarone-
induced thyroid dysfunction.

We could not assess variables related to AIT,
since there were so few patients in this group (4). This
issue remains controversial, since some authors did not
find any risk factors for AIT (11,21) and others did
(4). The usual concept is that the development of AIT
is unpredictable, occurring suddenly during treatment
with amiodarone.

The high sensitivity of the Wayne index for the
clinical diagnosis of hyperthyroidism in amiodarone
users makes it a useful screening test for AIT. Howev-
er, this is not true for the hypothyroidism index,
whose low sensitivity renders it useless to detect
hypothyroidism among amiodarone users. These data
probably result from the high incidence of subclinical
hypothyroidism (35 from 49 cases) together with the
low incidence of subclinical hyperthyroidism (0 out of
4 cases) in the population studied. In fact, the devel-
opment of TSH assays with improved sensitivity has
changed the diagnosis of thyroid dysfunction: subclin-
ical hypo and hyperthyroidism are frequently diag-
nosed. The pathophysiological importance of these
new categories of thyroid dysfunction has been high-
lighted by new studies, which demonstrated that both
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subclinical hypo and hyperthyroidism are character-
ized by abnormalities that can potentially be reversed
by treatment (30,31). Consequently, minor degrees of
thyroid dysfunction that appear inconsequential in an
endocrinological setting may be important in special
groups, such as cardiac patients, who are particularly
sensitive to changes in thyroid function.

While AIH does not represent a clinical chal-
lenge, the management of AIT is a difficult problem,
and therapeutic actions should be promptly undertak-
en to avoid risks related to excess thyroid hormone in
these particularly high risk patients. Fortunately our
region has a very low prevalence of AIT, and therefore
clinicians should not avoid using amiodarone whenev-
er necessary, while not ignoring the other side effects
of the drug involving the skin, liver and lungs. Clinical
symptoms of hyperthyroidism should be checked and
thyroid function tests monitored in all patients receiv-
ing chronic amiodarone therapy, especially if they have
positive microsomal antibodies and are thus at
increased risk of developing thyroid dysfunction. Larg-
er samples should be studied to evaluate the associa-
tion between male gender and amiodarone-induced
thyroid dysfunction.
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