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Clinical Practice

This Journal feature begins with a case vignette highlighting
a common clinical problem. Evidence supporting various
strategies is then presented, followed by a review of formal
guidelines, when they exist. The article ends with the author’s
clinical recommendations.

SUBCLINICAL HYPERTHYROIDISM
ANTHONY D. TOFT, M.D.

A 67-year-old woman presents with palpitations and is found to be in atrial fibrillation at a
rate of 120 beats per minute. The only other finding on physical examination is a goiter, which is
known to be long-standing. Echocardiography
shows neither valvular disease nor left ventricular systolic dysfunction. The serum thyrotropin
concentration is less than 0.05 mU per liter, and
the serum total triiodothyronine and free thyroxine concentrations are in the normal range.
Should the thyroid dysfunction be treated?
THE CLINICAL PROBLEM

The combination of an undetectable serum thyrotropin concentration, as measured by an assay with
a threshold of detection that is 0.1 mU per liter or
less, and normal serum triiodothyronine and thyroxine
concentrations (usually at the upper end of the normal range) is known as subclinical hyperthyroidism.
This condition reflects the fact that before clinical features of thyrotoxicosis are apparent, the thyrotrophs
usually respond to minor increments in thyroid hormone concentrations, which remain within the normal
range, by switching off the production and secretion
of thyrotropin.1 An absence of symptoms was once
part of the definition of subclinical hyperthyroidism,
but we now understand that subtle symptoms or signs
of thyrotoxicosis may be present. Subclinical hyperthyroidism is classified as endogenous in patients with
thyroid hormone production associated with nodular
thyroid disease or underlying Graves’ disease; it is classified as exogenous in those with undetectable serum
thyrotropin concentrations as a result of treatment
with levothyroxine. Not all patients with undetectable
serum thyrotropin concentrations and normal thyroxine and triiodothyronine concentrations have subclin-
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ical hyperthyroidism, and this combination of findings
can be associated with various other conditions
(Table 1).
Multinodular goiter is usually palpable, if not visible, and may be sufficiently large to cause compressive complications. Imaging with technetium-99m
pertechnetate or iodine-123 generally shows “hot”
(functioning) nodules and is particularly useful for detecting a single, impalpable, autonomously functioning adenoma. Most patients who present with multinodular goiter have been aware of thyroid enlargement
for several years, and they may have undergone partial
thyroidectomy. The so-called simple, diffuse goiter observed in patients in their late teens and 20s tends to
progress to a more obvious, multinodular goiter at
around 40 years of age. As the goiter increases in size
and as the autonomous nodules become larger and
more numerous, subclinical or overt hyperthyroidism
is increasingly present.2
Underlying Graves’ disease may be present if a patient has a family history of the disorder or has other
organ-specific autoimmune diseases, such as type 1 diabetes mellitus, vitiligo, pernicious anemia, myasthenia
gravis, or Addison’s disease, or if the patient has diffuse
goiter, ophthalmopathy, or pretibial myxedema. Thyroid imaging with isotope methods shows an even distribution, and the results in patients with early-stage
Graves’ disease are likely to be similar to those in normal persons. The presence of thyrotropin-receptor antibodies in serum is diagnostic of Graves’ disease, irrespective of the clinical findings, but the antibodies
are absent in approximately 5 to 20 percent of patients
with hyperthyroid Graves’ disease, depending on the
assay used,3 and almost certainly in a greater proportion of those with subclinical hyperthyroidism.
STRATEGIES AND EVIDENCE

The issue of screening for thyroid disease in patients
with few or no symptoms was discussed in a recent
article in the Journal.4 In view of the relatively high
prevalence of unrecognized hypothyroidism in older
adults, especially women, an expert panel of the American Thyroid Association has recommended routine
screening of adults for thyroid disease by measurement
of serum thyrotropin.5 In hospital practice, thyroidfunction testing has become almost routine. Such
screening will inevitably identify patients with undetectable serum thyrotropin concentrations but normal thyroxine and triiodothyronine concentrations, although the prevalence of such findings is low. In one
study, for example, involving 1210 patients over the
age of 60 years who were seen at a single general practice in the United Kingdom and who were not taking
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TABLE 1. PATTERNS OF THYROID FUNCTION ASSOCIATED WITH A SUPPRESSED SERUM THYROTROPIN
CONCENTRATION AND A THYROID HORMONE CONCENTRATION THAT MAY BE NORMAL.
CONDITION

OR

FACTOR

Endogenous subclinical hyperthyroidism (associated with Graves’
disease or nodular goiter)*
Exogenous subclinical hyperthyroidism (associated with levothyroxine therapy)
Nonthyroidal illness
Drug therapy¶
Dopamine
Corticosteroids
Amiodarone

Central hypothyroidism

TRIIODOTHYRONINE

THYROXINE

FREE

TOTAL

FREE

TOTAL

Upper end of
normal range

Upper end of
normal range

Upper end of
normal range

Upper end of
normal range

Normal

Normal

Normal, low,
or elevated†

Normal or low

Upper end of
normal range
or elevated
Normal, low, or
elevated‡

Upper end of
normal range
or elevated
Normal, low, or
elevated§

Normal
Normal
Normal

Normal
Normal
Normal

Normal or low

Normal or low

Normal
Normal
Usually elevated
but may be at
upper end of
normal range
Low end of normal range or
low

Normal
Normal
Usually elevated
but may be at
upper end of
normal range
Low end of normal range or
low

*Subclinical hyperthyroidism may also be noted during the hyperthyroid phase of subacute, silent, or postpartum thyroiditis.
†In patients with nonthyroidal illness, the concentration of free triiodothyronine may be found to be elevated if a particular commercial assay system (Vitros ECi, Ortho Clinical Diagnostics) is used.
‡The value depends on both the severity of the illness and the method of measurement used.
§The value depends on the type and severity of the illness.
¶Thyroid-function test results in patients with nonthyroidal illness may be influenced by concomitant drug therapy.

thyroxine, serum thyrotropin concentrations were undetectable in 16 patients (1.3 percent).6 During one
year of follow-up, thyrotoxicosis developed in only
one patient, and serum thyrotropin concentrations returned to normal in two patients. In some patients, the
thyrotropin concentration may have been undetectable
because of a transient nonthyroidal disorder or because
of drug therapy for such a disorder.
The estimated rate of progression from subclinical
to overt hyperthyroidism in patients with multinodular goiter is 5 percent each year,7 and it may be significantly higher with the administration of iodine as
a dietary supplement in areas where goiter is endemic,
or with the use of the antiarrhythmic drug amiodarone, which contains iodine. Progression to prolonged
overt hyperthyroidism in patients with underlying
Graves’ disease is probably less common, given the
relapsing and remitting nature of Graves’ disease and
the eventual development of hypothyroidism in some
patients.
If screening or the investigation of goiter shows
that a patient has subclinical hyperthyroidism, should
it be treated? Other than regular monitoring, the options for managing subclinical hyperthyroidism are the
same as those for managing overt hyperthyroidism: the
administration of antithyroid drugs (in patients with
Graves’ disease only) or iodine-131. Although iodine-

131 uptake is likely to be lower in patients with subclinical hyperthyroidism than in those with overt hyperthyroidism, there is no evidence that a dose that is
therapeutic in the second group is less effective in the
first. Partial thyroidectomy would be indicated for a
large multinodular goiter that caused mediastinal compression. One reason to treat subclinical hyperthyroidism is to prevent the development of overt hyperthyroidism. Prevention of atrial fibrillation and prevention
of osteoporosis are the other chief potential benefits
of treatment, but how good is the evidence of these
preventive effects?
Atrial Fibrillation

The best evidence that subclinical hyperthyroidism
is a risk factor for the development of atrial fibrillation comes from the Framingham Study.8 A cohort of
2007 persons 60 years of age or older was followed
for 10 years, and the development of atrial fibrillation
was analyzed in relation to the initial concentration of
serum thyrotropin. Among the 61 subjects with a thyrotropin concentration of less than 0.1 mU per liter
and a normal serum thyroxine concentration at the
outset, atrial fibrillation developed in 13, of whom an
unspecified number were taking thyroxine. The relative risk of atrial fibrillation in this group of 61 subjects was 3.1 as compared with those who had a nor-
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mal serum thyrotropin concentration (0.4 to 5.0 mU
per liter); the risk was similar when the patients who
were taking thyroxine were excluded from the analysis.
A low but detectable serum thyrotropin concentration
(0.1 to 0.4 mU per liter) was not associated with an
increased risk of atrial fibrillation.
Assuming that antithyroid therapy would reduce the
risk of dysrhythmia to that in the general population,
4.2 cases of subclinical hyperthyroidism would need
to be treated to prevent 1 case of atrial fibrillation over
a period of 10 years.9 There is only limited evidence
that established atrial fibrillation in patients with subclinical hyperthyroidism reverts spontaneously or after
cardioversion once the serum thyrotropin concentration has been normalized with antithyroid therapy.10
Thyrotoxic atrial fibrillation is commonly considered
a risk factor for systemic embolism, but the reported risk has ranged from negligible to 40 percent —
extremes that do not reflect clinical experience. Even
a risk of 10 percent probably represents an overestimate, since it is based on data obtained at a time when
accurate tests of thyroid function were not widely available11 and when an early diagnosis of hyperthyroidism
was less likely than it is now. However, the available
data suggest that among patients with atrial fibrillation
that is unrelated to rheumatic heart disease, those with
thyrotoxicosis have a higher rate of embolism than do
patients without the condition. The risk of systemic
embolism in patients with atrial fibrillation complicating subclinical hyperthyroidism is not known.
Osteoporosis

Frank hyperthyroidism is a recognized risk factor
for osteoporosis, but the effects of subclinical hyperthyroidism on bone mineral density are less well defined. The increased bone turnover that is characteristic of Graves’ disease persists during treatment with
antithyroid drugs if serum thyrotropin concentrations
remain suppressed, despite normal concentrations of
thyroid hormones.12 In two cross-sectional studies of
patients with subclinical hyperthyroidism due to multinodular goiter, there was statistically and clinically
significantly lower bone mineral density at the femoral neck and radius than in age-matched controls.13,14
Whether these changes are associated with an increased
rate of fracture is not known. More impressive are the
reports that postmenopausal women with subclinical
hyperthyroidism due to multinodular goiter have a
2 percent loss of bone mineral density each year, which
can be reversed by treatment that restores serum thyrotropin concentrations to the normal range.15,16
A large meta-analysis of patients with exogenous
subclinical hyperthyroidism showed that bone loss was
greater among postmenopausal women with this condition than among those without it.17 However, the
validity of these results is questionable, since the study
also found increased bone loss in premenopausal women who were receiving levothyroxine replacement ther-

apy and who had normal serum thyrotropin concentrations. Furthermore, the increased risk of fracture
reported in older women taking thyroid hormones disappears when those with a history of hyperthyroidism
are excluded.18 The evidence that exogenous subclinical hyperthyroidism is a risk factor for osteoporosis is
therefore inconclusive.19,20
Other Considerations

Other abnormalities have been linked to both endogenous and exogenous subclinical hyperthyroidism.
There is evidence that patients with subclinical hyperthyroidism due to multinodular goiter have increased
left ventricular mass, increased systolic function, and
impaired diastolic function, but the clinical significance of these observations is not known.21 Impairment of the quality of life, as assessed with the use of
a questionnaire, was also reported in these patients.21
Whether normalization of the serum thyrotropin concentration improves these measures is uncertain. An
increased risk of dementia and Alzheimer’s disease was
recently reported among patients with endogenous
subclinical hyperthyroidism who were 55 years of age
or older, particularly if antibodies against thyroid peroxidase were present22; this finding requires confirmation.
Patients receiving long-term suppressive therapy
with levothyroxine have been reported to have diminished cardiac reserve and exertional capacity.23 However, similar abnormalities were abolished by reducing
the dose of levothyroxine to a level that was still associated with subclinical hyperthyroidism.24 Short-term
studies of small numbers of patients with exogenous
subclinical hyperthyroidism have found changes in target-organ function — e.g., an increase in the nocturnal heart rate and an altered ratio of diurnal urinary
sodium excretion to nocturnal excretion. These changes are similar to but less marked than those in overt
hyperthyroidism 25 but may not be sustained in the
long term.26
AREAS OF UNCERTAINTY

The natural history of subclinical hyperthyroidism
remains unclear. Furthermore, the evidence that endogenous or exogenous subclinical hyperthyroidism
is a risk factor for osteoporosis and atrial fibrillation
is not definitive. However, it would be surprising if the
complications of overt hyperthyroidism were not seen,
albeit at a reduced frequency, in a condition that is effectively the mildest form of thyrotoxicosis; such complications are more likely to occur in patients with
multinodular goiter, since the biochemical abnormality
is persistent and the age of affected persons puts them
at increased risk for bone loss or ischemic or structural heart disease.
The issue is further complicated by confusion over
the meaning of subclinical hyperthyroidism, which is
sometimes used to describe elevated serum thyroxine
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concentrations in patients who are taking thyroxine
as replacement therapy. The inclusion of patients with
wide ranges of thyroid-function test results and ratios
of thyroxine to triiodothyronine may explain, at least
in part, the disparate results of studies of target-organ
function.
GUIDELINES

In its 1995 consensus statement on the treatment
of patients with hyperthyroidism and hypothyroidism,
the American Thyroid Association does not mention
subclinical hyperthyroidism.27 However, the association does state that in patients taking levothyroxine as
replacement therapy, the dose should be adjusted to
achieve clinical euthyroidism, with normal serum concentrations of both thyroxine and thyrotropin.28 In
statements issued in 1996 and 1998, respectively, the
Royal College of Physicians of London 29 and the
American College of Physicians9 concluded that there
is no agreement about the benefits of detecting and
treating endogenous subclinical hyperthyroidism or
about whether it causes excess morbidity. The statement of the American College of Physicians was based
on a meta-analysis of available data. In contrast, the
American Association of Clinical Endocrinologists30
concluded that subclinical hyperthyroidism associated
with goiter requires treatment in most cases.
RECOMMENDATIONS

In the absence of clinical signs of thyroid disease,
and even after additional investigations such as isotope
uptake and imaging and measurement of the thyrotropin-receptor antibody concentration, it may be difficult to decide whether the pattern seen on thyroidfunction tests is a consequence of nonthyroidal illness
and concomitant medication, underlying autonomous
thyroid function, or the initial phase of thyroiditis. In
such circumstances, thyroid-function tests should be
repeated after eight weeks; a normal or elevated serum
thyrotropin concentration at this time suggests recovery from nonthyroidal illness or the hypothyroid phase
of thyroiditis. If the initial pattern persists, the choice
should be made between a trial of antithyroid drugs
and close clinical follow-up.
Exogenous Subclinical Hyperthyroidism

The dose of thyroxine should normally be reduced
in patients with exogenous subclinical hyperthyroidism, excluding those with prior thyroid cancer, in
whom thyrotropin suppression may be desired. The
dose can usually be reduced abruptly to a more appropriate level. For example, in a symptomatic patient who
has a markedly elevated serum free thyroxine concentration and a triiodothyronine concentration at the
high end of the normal range while taking 250 µg of
levothyroxine daily, it would be appropriate to reduce
the dose to 150 µg daily and to retest thyroid function
at a follow-up visit. The thyrotropin concentration may

remain suppressed for six to eight weeks or more in patients with previous overreplacement of levothyroxine.
Although most patients feel well when thyroid function is normalized, a minority of patients have a sense
of well-being only when taking a suppressive dose of
levothyroxine.31 In the absence of apparent complications of excess thyroid hormone, which would clearly
warrant a dose reduction (Table 2), I would consider
a slightly supratherapeutic dose acceptable as long as
the serum triiodothyronine concentration remained
well within the normal range.29
Endogenous Subclinical Hyperthyroidism

In many patients with endogenous subclinical hyperthyroidism who do not have nodular thyroid disease or complications of excess thyroid hormone, treatment is unnecessary, but thyroid-function tests should
be performed every six months, with the recognition
that the serum triiodothyronine concentration may become elevated before the serum thyroxine concentration does. In patients with questionable symptoms,
such as fatigue, I would use the empirical approach of
a six-month trial with an antithyroid drug at a low
dose, such as methimazole at a daily dose of 5 to
10 mg initially, and if this approach was effective,
I would consider ablative therapy with iodine-131. To
treat a woman who wanted to become pregnant, propylthiouracil at a dose of 50 mg twice a day would be
more appropriate, because aplasia cutis congenita, a
rare scalp defect, has been linked to the use of methimazole during pregnancy. The management of hyperthyroidism during pregnancy is beyond the scope
of this review, but it would require extremely close
monitoring and use of the lowest possible dose of propylthiouracil.32 In older patients with atrial fibrillation
or osteoporosis that could have been caused or exacerbated by the mild excess of thyroid hormone, ablative therapy with iodine-131 is the best initial option.
Treatment of patients with subclinical hyperthyroidism due to nodular thyroid disease is more routinely
justified, given the expected progression to overt hyperthyroidism. The patient described in the vignette
has both goiter and atrial fibrillation, two findings
that warrant therapy. In the case of atrial fibrillation,
I would first administer an antithyroid drug such as

TABLE 2. INDICATIONS FOR REDUCING THE DOSE OF THYROXINE
IN PATIENTS WITH EXOGENOUS SUBCLINICAL HYPERTHYROIDISM.
New atrial fibrillation, angina, or cardiac failure
Accelerated loss of bone density
Oligomenorrhea, amenorrhea, or infertility
Nonspecific symptoms such as tiredness, hyperdefecation, and palpitations
Borderline high serum triiodothyronine concentration
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methimazole in order to restore the serum thyrotropin
concentration to a normal value as quickly as possible.
I would also administer warfarin because of the risk
of systemic embolism, even though there are no data
from controlled studies of anticoagulant therapy in patients with thyrotoxic atrial fibrillation. Careful monitoring of the dose is essential, since patients with overt
hyperthyroidism and, presumably to a lesser degree,
those with subclinical hyperthyroidism are more sensitive than euthyroid patients to the anticoagulant effects of warfarin. If sinus rhythm is not restored within four months after the normalization of the serum
thyrotropin concentration, cardioversion should be
performed.33 The definitive treatment would be an ablative dose of iodine-131. In the case described, and
in similar cases, this approach is warranted for several
reasons: the potential contribution of subclinical hyperthyroidism to the development of osteoporosis, the
low incidence of hypothyroidism after iodine-131 therapy in patients with multinodular goiter (6 percent at
one year at my institution, as compared with 75 percent in patients with Graves’ disease), the possibility
of loss to follow-up and the attendant worsening of
symptoms if treatment is withheld in favor of continued observation, and the likely cosmetic benefit of
up to a 50 percent reduction in the size of the goiter
at one to two years.34,35
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