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Biochemical Testing of the Thyroid:
TSH is the Best and, Oftentimes, Only Test
Needed - A Review for Primary Care

Michael T. Sheehan, MD

Disorders of thyroid function are common, and screening, diagnosis, and management are often
performed by primary care providers. While management of significant biochemical abnormalities is
reasonably straight forward, laboratory tests only slightly outside, or even within, the normal range are
becoming more difficult to appropriately manage.A large part of this increasing difficulty in appropriate
management is caused by patients requesting, and even demanding, certain tests or treatments that
may not be indicated. Symptoms of thyroid dysfunction are non-specific and extremely prevalent in
the general population. This, along with a growing body of information available to patients via the lay
press and internet suggesting that traditional thyroid function testing is not reliable, has fostered some
degree of patient mistrust. Increasingly, when a physician informs a patient that their thyroid is not the
cause of their symptoms, the patient is dissatisfied and even angry. This review aims to clarify the
interpretation of normal and mild abnormalities of thyroid function tests by describing pituitary-
thyroid physiology and through an in depth review of, arguably, the three most important biochemical
tests of thyroid function: TSH, free T4, and anti-TPO antibodies. It is important for primary care
providers to have an understanding of the shortcomings and proper interpretation of these tests to
be better able to discuss thyroid function with their patients.
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hyperthyroidism) are common and, in many cases,

managed by primary care providers. In addition to
diagnosed cases, there are many patients who present to their
provider seeking evaluation of their thyroid status as a
possible cause of a variety of complaints including obesity,
mood changes, hair loss, and fatigue. There is an ever-
growing body of literature in the public domain, whether in
print or internet-based, suggesting that thyroid conditions are
under-diagnosed by physicians and that standard thyroid
function tests are unreliable. Primary care providers are often
the first to evaluate these patients and order biochemical
testing. This has become a more complex process, with many
patients requesting and even demanding certain biochemical
tests that may not be indicated. This review aims to describe
three important biochemical tests of thyroid status (thyroid
stimulating hormone [TSH], free thyroxine [free T4], and
anti-thyroid peroxidase antibodies [anti-TPO ABs]) the

F unctional disorders of the thyroid (hypothyroidism and

primary care provider should be comfortable not only
ordering and interpreting, but also not ordering in many
circumstances. Discussion will include the indications, utility,
and potential short-comings of these tests in relation to the
scrutiny that has been placed on their accuracy and validity
by a growing number of patients.

OVERVIEWOFNORMALTHYROIDPHYSIOLOGY
The proper interpretation of thyroid function tests requires an
understanding of thyroid physiology. Thyroid function is
regulated by a relatively straightforward relationship between
the hypothalamus, pituitary, and the thyroid gland itself
(figure 1). Thyrotropin releasing hormone (TRH) from the
hypothalamus stimulates the release of TSH from the pituitary
gland which, in turn, regulates a variety of steps in the
production of thyroid hormones from the uptake of iodine to
the regulation of enzymatic steps in the process. The majority
of thyroid hormone released by the gland (~ 85%) is thyroxine
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Figure 1. Hypothalamic-pituitary-thyroid axis (TRH: Thyrotropin releasing hormone, TSH: Thyroid stimulating hormone, T3:

tri-iodothyronine and T4: thyroxine).

(T4), while a smaller proportion (~15%) is tri-iodothyronine
(T3). These thyroid hormones are highly protein-bound
(99.8%), with only the free components (free T3 and free T4)
having the ability to bind to their respective receptors. The
active thyroid hormone is free T3, and there is tissue-specific
regulation of the conversion of T4 to T3 by a set of deiodinase
enzymes peripherally allowing each tissue to, in a sense, self-
regulate its exposure to free T3. This is crucial, because
different tissues require different levels of T3. This conversion
of T4 to T3 is how treatment of hypothyroidism with
levothyroxine (T4 only) still allows for adequate, tissue-
specific, T3 exposure.

Next, it is essential to appreciate the negative feedback of free
T3 and free T4 at the level of the hypothalamus and pituitary
(see figure 1). Also, the relationship between these thyroid
hormones and TSH is not linear but log-linear, such that very

small changes in free T3 and/or free T4 will result in very
large changes in TSH. Conversely, very small changes in TSH
reflect extremely minute changes in free T3 and free T4. For
instance, a 2-fold change in free T4 will result in a 100-fold
change in TSH. Thus, a free T4 change from 1.0 ng/dL to 0.5
ng/dL will result in a TSH rise from 0.5 mIU/mL to 50 mIU/
mL. On the other hand, a rise in TSH from 1.0 mIU/mL to 5.0
mlIU/mL reflects a drop in free T4 from 1.0 ng/dL to just 0.9
ng/dL. It is also important to note that each individual has a set
point for their own free T3 and free T4 level that is quite stable
in the absence of disease. Therefore, changes in any given
patient’s free T3 and/or free T4 within the normal range will
result in an abnormal TSH value. This supports the role of
TSH, in the absence of hypothalamic/pituitary disease, as the
most sensitive marker of thyroid function. Table 1 lists
common patterns of thyroid function tests and their
interpretation, assuming an intact hypothalamic-pituitary-
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thyroid axis and the absence of significant non-thyroidal
illness. These interpretations will be valid in the vast majority
of non-hospitalized patients presenting to the primary care
provider.

NON-THYROIDAL ILLNESS

As mentioned previously, thyroid function tests can be
difficult to reliably interpret in patients who are acutely ill,
and the severity of the illness plays a role as well. As such,
thyroid function tests should be interpreted with extreme
caution in hospitalized patients and in those recently
discharged from the hospital. The term used to describe these
non-specific effects on thyroid function tests is non-thyroidal
illness (previously termed euthyroid sick syndrome). An in
depth discussion of the pathophysiology of non-thyroidal
illness is beyond the scope of this review, but the interested
reader is referred to a recent summary by Farwell.! Most
important to this discussion is that the TSH may be mildly
suppressed in acute illness and mildly elevated during
recovery from acute illness. However, TSH values are
typically not suppressed to < 0.1 mIU/mL or elevated to > 10
mlIU/mL in these circumstances. Thus, a patient seen by their
primary care provider with a minimally abnormal TSH in, or
recently discharged from, the hospital should simply have the
thyroid function tests repeated in several weeks. This review
will, however, focus on the non-hospitalized patient.

THYROID STIMULATING HORMONE (TSH)
Assessment of TSH is the single most useful test of thyroid
function in the vast majority of patients. Primary care
providers should seldom need to order any other biochemical
thyroid test. In most cases the TSH will be within the normal
range, and no further testing is indicated. However, providers
should be aware of several important issues in the interpretation
of a TSH value. The importance of these issues is mainly that
any clinical decision should not be made (in a non-pregnant
patient) based on a single TSH value if it is within or close to
the normal range.

Physiologic Issues in Assessing TSH Values
Normal Range

Considerable literature exists regarding what the normal
range for TSH really should be, and this topic is covered at
length in recent reviews?® and in clinical guidelines for the
diagnosis and management of hypothyroidism.** Indeed,
even though the normal range for TSH is generally listed at
between 0.35 mIU/mL and 4.50 mIU/mL, it is likely that the
“most normal” range is between 0.5 mIU/mL and 2.50 mIU/
mL. It is for this reason that the target TSH in the management
of hypothyroidism is within this latter range.*> Note that the
goal range for replacement therapy is different than the range
at which hypothyroidism is diagnosed (ie, while a TSH of
4.2 mIU/mL may warrant an increase in levothyroxine (L-T4)
dose, it does not warrant initiation of replacement therapy in
a non-pregnant patient). The mean inter-assay precision for
the TSH measurement is generally good. The method used at
our institution has a precision of ~3.2%, indicating that
variations in the result over time in a single patient are not
likely to be related to the assay itself but rather to other
factors (see below). Lastly, it is important to understand that
normal ranges are calculated based on the 2.5% to 97.5"
percentiles of the distribution of values measured in the
population tested. Therefore, 2.5% of people with completely
normal thyroid function will have a TSH slightly below the
listed normal range (and 2.5% slightly above the normal
range).

While there may be slight differences in TSH reference
ranges based on race,’ the effect of age on normal range
appears to be more important, especially in advanced age.” In
an analysis of the National Health and Nutrition Examination
Survey (NHANES) 111 database, the upper limit of normal for
TSH at the 97.5" percentile was 3.5 mIU/mL for 20-29 year
olds increasing to 4.5 mIU/mL for 50-70 year olds and
7.5 mIU/mL for those over the age of 80 years. This age-
related increase in TSH may be an adaptive mechanism, as
there is evidence showing increased mortality in advanced
age as TSH declines within the normal range.?

Table 1. Interpretation of common patterns of thyroid function tests

Free T3 and/or

TSH Free T4
— —

T -

11 !

I -

A T

Diagnosis

Euthyroidism

Subclinical hypothyroidism
Overt hypothyroidism
Subclinical hyperthyroidism

Overt hyperthyroidism

— Within normal range; tabove normal range; |below normal range
‘generally < 8.0 mlU/mL; fgenerally = 8.0 mlU/mL; tgenerally > 0.1 miU/mL;

Sgenerally < 0.1 mlU/mL
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Pregnancy is the one circumstance wherein initiation or
adjustment of replacement therapy with L-T4 is indicated for
a TSH within the upper normal range.* While several articles
about this very important issue are available for the interested
reader,’!! most, if not all, of these patients should be managed
by an endocrinologist.

Circadian Variability

It is not generally appreciated by primary care providers that
TSH secretion follows a circadian rhythm, with maximal
levels seen in the early morning and a nadir in the late
afternoon to mid-evening.'> While generally not resulting in
TSH values outside the normal range, this circadian rhythm
may cause a variation in TSH by a mean of between
0.95 mIU/mL to 2.0 mIU/mL,"* which could affect treatment
decisions. Also, this circadian rhythm appears to remain
intact in patients with subclinical hypothyroidism, and in one
small study 50% of patients with a mildly elevated TSH
between 8:00-9:00 am had a normal TSH (< 4.0 mIU/mL)
when assessed between 2:00-4:00 pm. '

Individual Variation

Also underappreciated is the individual variation in TSH that
occurs for no apparent reason. In a study assessing TSH
values monthly for one year in healthy men, this apparent
random variation occurred with a mean TSH of 0.75 mIU/mL
and a range of 0.2-1.6 mIU/mL." Thus, current guidelines
note that a variation in TSH within the normal range of up to
40-50% does not necessarily indicate a change in thyroid
function or status.* Lastly, as with the circadian rhythm
previously noted, this intra-individual variation in TSH
appears to also be present in patients with subclinical
hypothyroidism.'

Subclinical Hypothyroidism

The definition of subclinical hypothyroidism is a mildly
elevated TSH (4.6-8.0 mIU/mL) in the setting of a normal
free T4. This biochemical finding may or may not be
accompanied by mild symptoms of hypothyroidism. The
difficultly in determining which, if any, symptoms are truly
related is the non-specific nature of the symptoms of
hypothyroidism and the high prevalence of many of these
same complaints in the general population. Indeed,
approximately 67% of the U.S. population is overweight or
obese,!” about 9% suffer from depression;'® over 30% of
women have female pattern hair loss,” and 22%-37% of
patients report fatigue.?*?' In the author’s opinion, therefore,
greater weight should be placed on the laboratory results
versus any particular symptoms that may be present.
Furthermore, when discussing these issues with any given
patient in the context of their symptoms, it should be
explained that if/when the thyroid gland becomes completely
non-functional, the TSH rises dramatically to levels often
exceeding 100 mIU/mL. Common sense, therefore, needs to
be used when attributing any given symptom to a patient’s
thyroid status. That is, a TSH of 6.7 mIU/mL is not the cause

of extreme fatigue or mood changes, whereas a TSH of 40.0
mlU/mL may indeed explain these same symptoms.

That being said, the prevalence of subclinical hypothyroidism
is quite high at between 3.9% and 8.5% (versus the 0.2%—
0.4% prevalence of overt hypothyroidism).®?* The primary
care provider will, therefore, encounter many patients with a
mildly elevated TSH and a normal free T4, and it is important
that they have a clear sense of how to approach these patients.
First, reassessment and not immediate replacement therapy is
the best initial step in management. Indeed, in one study,
spontaneous normalization occurred in 52% of patients with
an initial TSH of 5.0-9.9 mIU/mL, while only 5.6% developed
overt hypothyroidism over a mean follow-up of 31.7 months.?
It is extremely useful to have an understanding of the 20-year
follow-up data of the Whickham survey in this regard.** In
that study, subjects with an elevated TSH (> 6.0 mIU/mL)
alone developed overt hypothyroidism at a rate of just 2.6%
per year; or 33% over the 20 years of follow-up.** The
presence of anti-TPO antibodies in addition to an elevated
TSH imparted a higher risk of 4.3% per year or 55% at the
end of follow-up. Therefore, it appears that many patients
with a mildly elevated TSH can be followed without L-T4
treatment. This option, however, has to involve a careful
discussion with the patient. It is important for the provider to
acknowledge the patient’s symptoms, but also to put the
severity of those symptoms in the context of the degree of
TSH abnormality. While the author does not recommend it,
some providers consider a 3-month trial of low dose L-T4
therapy in patients with persistent mild elevation of TSH,
then continuing therapy in those with improved symptoms
and stopping it in those with no improvement. Lastly, as
mentioned earlier, it is likely that elderly patients are a group
bestto follow withouttreatment for subclinical hypothyroidism.
The interested reader is directed to two excellent reviews of
subclinical hypothyroidism.**

Subclinical Hyperthyroidism

Subclinical hyperthyroidism is defined as a mildly suppressed
TSH (generally still > 0.1 mIU/mL) in a patient without overt
symptoms of hyperthyroidism. The primary care provider
will see fewer of these patients owing to the lower prevalence
of between 0.2-0.9%.5%2¢ As is the case with subclinical
hypothyroidism, the most important first step in the
management of a mildly suppressed TSH is reassessment
over time. The natural history of subclinical hyperthyroidism
was shown nicely in the Thyroid Epidemiology, Audit, and
Research Study (TEARS).? In a large cohort of 1507 patients
with a baseline TSH 0.1-0.4 mIU/mL followed over time, the
progression to overt hyperthyroidism was just 0.5%, 0.7%,
and 0% at 2, 5, and 7 years, respectively.® The majority of
patients continued with a mildly suppressed TSH during the
same follow-up time periods (71.8%, 55%, and 50.2%), while
a significant number spontaneously resolved to normal
(16.7%, 31.6%, and 37.6%). In contrast to subclinical
hypothyroidism, it is the elderly who likely warrant the most
aggressive evaluation and management for subclinical
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hyperthyroidism, owing to a greater risk of adverse health
outcomes.® Indeed, persistent subclinical hyperthyroidism in
an elderly patient or a patient with heart disease or osteoporosis
may warrant referral to endocrinology.

When Normal TSH Does Not Reflect Euthyroidism
As mentioned earlier, while there may be some controversy
about where the normal range for TSH should lie,>* current
clinical guidelines are clear that a TSH in the upper normal
range does not reflect hypothyroidism.** The potential
unreliability of a normal TSH to accurately reflect true
thyroid status is an ever-increasing question raised by patients
who suffer from a myriad of non-specific complaints. As
mentioned previously, many times these complaints are
extremely prevalent: overweight (~33%), obesity (~33%),
depression (~9%), hair loss (~30%), and fatigue (~30%). The
quest for a reason and eventual relief of these burdensome
symptoms is understandable and, as such, a normal TSH
result may lead to patient dissatisfaction and mistrust of their
physician, whom they see as relying more on a biochemical
test than their symptoms. Indeed, much of the print and
internet-based literature fosters this mistrust of standard
biochemical testing and provider reliance on such tests. An
understanding of the actual prevalence for a truly unreliable
TSH is, therefore, extremely helpful for primary providers as
they discuss a normal TSH value with a sometimes skeptical
patient.

Hypothalamic and/or Pituitary Disease

As already described, the reliable interpretation of thyroid
function tests requires an intact hypothalamic-pituitary-
thyroid axis. Thankfully, disruption of this hormonal axis is
uncommon to rare and, when present is usually already
diagnosed (ie, a patient with a history of a pituitary
macroadenoma). The main concern of the primary care
provider, then, is to know the prevalence of undiagnosed
hypothalamic/pituitary disease causing hypothyroidism.
Population-based data on this subject is limited, but Regal et
al’’ reported a prevalence of hypothyroidism due to
hypopituitarism of just 19-29/100,000 (perhaps 1 case per
4355 patients) in an adult Caucasian population in northwestern
Spain. This prevalence is likely an underestimate based on
flaws in case identification inherent in population-based
studies. As such, two possible etiologies deserve further
discussion: pituitary macroadenoma and empty sella.

While pituitary microadenoma is quite common (~10% of the
population), the vast majority of these small tumors are not
large enough to adversely affect normal pituitary function.
The prevalence of pituitary macroadenoma, based on data
from magnetic resonance imaging (MRI) studies showing
incidentally discovered lesions, has been estimated at between
0.16-0.2%.%* TImportantly, however, not all pituitary
macroadenomas adversely affect normal pituitary function,
and when they do, limitation of growth hormone secretion
and gonadal function are more common than an effect on
thyroid function. In three recent studies (totaling ~330

patients) assessing pituitary function in patients with
macroadenoma, the prevalence of central hypothyroidism
was 13.6-39%.332 Based on these data, an estimate of
approximately 0.05% (1 per 2000) can then be made as to the
prevalence of hypothyroidism related to undiagnosed pituitary
macroadenoma.

The prevalence of empty sella can also be estimated based on
incidental discovery on MRI imaging. In a study of 500
consecutive subjects undergoing MRI of the brain, Foresti et
al* found 12.4% to have a total empty sella, and an additional
15.6% had a partially empty sella. Looking at radiological
and autopsy data on the whole, the prevalence of empty sella
is between 5.5% and 35%.* Just as with Dpituitary
macroadenoma, not all patients with empty sella will have
central hypothyroidism, and the data is limited. In five studies
involving a total of 343 patients with empty sella, the
prevalence of central hypothyroidism was 0-22.2%.343%
However, it should be noted that the studies with the highest
prevalence of central hypothyroidism (14.3% and 22.2%,
respectively) were either a retrospective analysis* or analyzed
patients admitted to the hospital®® and, thus, may overestimate
the prevalence. The other three studies involving a total of
just 87 patients showed a combined prevalence of central
hypothyroidism of just 3.4%.%>7 Based on these data (5.5-
35% prevalence of empty sella and an estimated prevalence
of resultant hypothyroidism of 3.4%), central hypothyroidism
due to empty sella would appear to be more common than
that due to pituitary macroadenoma: between 1 per 83 and 1
per 526 patients. However, these may still be overestimates
because in the population-based data only ~5.5% of cases of
hypopituitarism were caused by empty sella versus ~60%
being related to pituitary tumors.”

As has been demonstrated, the prevalence of previously
undiagnosed central hypothyroidism causing a normal TSH is
impossible to estimate reliably. All things considered, perhaps
0.05-0.1% (about 1 case per 1500 patients) may be a
reasonable approximation. While price varies widely, a free
T4 level may cost between $55 US to $108 US. Assuming
proper diagnosis could be based on a single free T4 level
documented below the normal range, it would cost between
$82,500 US and $162,000 US to identify a single case of
undiagnosed central hypothyroidism. This brings up
significant issues in terms of the cost-effectiveness of adding
a free T4 to confirm the reliability of a normal TSH result.

Other conditions

There are several other possible situations in which a normal
TSH may not reflect euthyroidism. These conditions are all
quite rare and, thus, will not be discussed at length. The
presence of heterophile antibodies (produced as a result of
close contact with animals) can potentially interfere with the
TSH assay, causing either a falsely high or falsely low
result.* Therefore, it is plausible that a truly elevated TSH
could be falsely lowered into the normal range by the
presence of heterophile antibodies. Resistance to thyroid
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Table 2. Conditions that might result in a falsely normal TSH

Free T3 and/or

Condition TSH’ Free T4 Prevalence
Hypothalamic/pituitary disease — l ~1:1500
Heterophile antibodies — lor? ~ 1:3000t
Resistance to thyroid hormone £ — T ~ 1:40,000
TSH-secreting adenoma — i ~1:350,000

—Within normal range;tabove normal range;|below normal range
“The TSH is not always normal in any of these conditions but for the sake of this discussion it is
listed as normal; "While the overall prevalence of heterophile antibodies is ~ 30% only about

0.033% affect the TSH result %

hormone (RTH) is a rare condition generally caused by a
mutation in the thyroid hormone receptor B gene resulting in
elevated levels of free T3 and free T4, but a normal (or
slightly elevated) TSH.* The hallmarks of this condition are
goiter, sinus tachycardia, and attention deficit hyperactivity
disorder. The presence of a TSH-secreting pituitary adenoma
can have laboratory results indistinguishable from RTH and
may present with a normal TSH in the setting of
hyperthyroidism.*! There are several other fleetingly rare
genetic disorders of thyroid hormone transport, metabolism,
or action that can result in a falsely normal TSH, but only a
handful of cases have thus far been described in the
literature.** Though each of these conditions could possibly
result in a normal TSH despite abnormal levels of free T3 and
free T4, they are mostly of academic interest. Table 2 lists the
pattern of thyroid function tests and prevalence of the
conditions that might result in a falsely normal TSH.

FREE THYROXINE (FREE T4)

Beyond the TSH, assessment of free T4 is the most commonly
ordered thyroid function test. In the United States alone,
approximately 18 million free T4 tests were performed in
2008 compared to approximately 59 million TSH tests.”
Based on the previous discussions, one could argue that one
free T4 test for every three TSH tests likely indicates that far
too many free T4 levels are being ordered. Again, the TSH is
seldom unreliable in ruling out hypothyroidism, the
prevalence of subclinical or overt hyperthyroidism is perhaps
just 0.2-0.9%, and the assessment of free T4 is unnecessary
in the follow-up of thyroid hormone replacement therapy in
the vast majority of patients.* Having said that, the assessment
of free T4 is required in the diagnosis of subclinical
hypothyroidism in the setting of a mildly elevated TSH.

An important point to make about the assessment of free T4
(beyond whether it is even indicated) is the reliability of the
result. The accuracy of free T4 is highly dependent upon the
assay employed, and unfortunately, the assay used in the vast
majority of laboratories may not be terribly reliable. While
the inter-assay precision of free T4 assays is generally good
(~4.3% in our laboratory), the accuracy of that result may be

poor. Indeed, in one survey of 13 free T4 methods, four of
them had more than 50% of the results NOT meeting the
allowable inaccuracy criteria.* To address this important issue,
a working group for the international standardization of the
free T4 assay has been formed.**" Thus, if the assessment of
free T4 may not be necessary in many cases (low pre-test
probability), and the reliability is limited, there is likely to be
a substantial number of false-positive results.

Most laboratories utilize the direct analog immunoassay (IA)
for the measurement of free T4, and again the validity of the
results are debated and poorly standardized.**<*4” Measurement
of free T4 by equilibrium dialysis is considered the gold
standard but, it is of limited availability to most providers.
There is good correlation of free T4 by equilibrium dialysis
and free T4 by liquid chromatography-tandem mass
spectrometry (LC-MS/MS).* In a comparison of the IA and
LC-MS/MS method in 109 patients, the correlation between
free T4 and TSH was quite poor for the IA method and
substantially better for LC-MS/MS.* Indeed, when the TSH
was above or below the normal range, the inverse log-linear
Pearson correlation was 0.45 for IA and 0.84 for LC-MS/MS.
Importantly, when the TSH was in the normal range, the IA
method fared even worse: inverse log-linear Pearson correlation
just 0.20 (versus 0.74 for LC-MS/MS). For reference, a
correlation of > 0.70 signifies a very strong relationship,
whereas a value < 0.19 signifies a negligible relationship.
Thus, making clinical decisions based on a free T4 in the
setting of a normal TSH in the vast majority of instances is
fraught with difficulties. Unfortunately, many patients and
providers alike question the meaning of a free T4 in the lower
half of the normal range in the setting of a normal TSH,
especially in the presence of non-specific complaints. These
data further support the need to trust the TSH in most cases.
Table 3 lists the limited indications for which a free T4 test
should be ordered.

ANTI-THYROID PEROXIDASE ANTIBODIES
(ANTI-TPO ABS)

Thyroid peroxidase is one of the key enzymes involved in the
synthesis of T3 and T4, catalyzing several steps in the process.
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Table 3. Indications for ordering a free T4

+ Assess the degree of hyperthyroidism when TSH is suppressed

To confirm the diagnosis of subclinical hypothyroidism in the setting of a mildly elevated TSH

Monitor response to anti-thyroid drug therapy and radioiodine (TSH may not be reliable in the initial months after therapy)

Monitor L-thyroxine therapy in patients with known pituitary disease (TSH is not reliable)

Single assessment to assure TSH is a reliable indicator of thyroid function?

The presence of anti-TPO ABs is a hallmark of autoimmune
thyroid disease, especially Hashimoto’s thyroiditis, but also
being highly prevalent in postpartum thyroiditis and Graves’
disease.”® In addition, the presence of anti-TPO ABs is
common in euthyroid subjects. For instance, in the NHANES
III study, 14.6% and 8.0% of euthyroid females and males,
respectively, had such antibodies.® As mentioned previously,
the presence of anti-TPO ABs predicts the risk of developing
overt hypothyroidism in both euthyroid subjects and those
with subclinical hypothyroidism. Indeed, the Whickham
survey demonstrated a rate of progression to overt
hypothyroidism of 2.1% per year based on just the presence
of anti-TPO ABs (with a normal TSH) with an increase in that
risk to 4.3% per year with a combination of a TSH > 6.0 and
positive anti-TPO ABs.? Therefore, it is arguable whether the
assessment of anti-TPO ABs is of any clinical utility in the
evaluation of subclinical hypothyroidism beyond predicting
the rate or risk of progression to overt hypothyroidism. There
is also evidence that the development of anti-TPO ABs is the
result of lymphocytic infiltration of the thyroid gland as
opposed to the cause of that infiltration or damage.>**' Thus,
there is really nothing to be done about the presence of these
antibodies. As such, recent guidelines give this practice a
grade “B,” as it is only predictive in nature.* In the author’s
opinion, the assessment of anti-TPO ABs should be
discouraged in the assessment of subclinical hypothyroidism
and should never be performed when the TSH is normal
(except in the circumstances involving pregnancy as described
in following paragraphs). Not enough can be said as to the
possible adverse psychological effect on a patient of a
positive anti-TPO AB level. If found to be anti-TPO AB
positive, some patients will feel themselves as having a
condition or “disease” for which nothing is being done and
may continually blame non-specific symptoms on the
presence of the antibodies themselves. The assessment of
anti-TPO AB is completely unnecessary in patients with overt
hypothyroidism, as management will not change based on the
presence or absence of antibodies. Furthermore, virtually all
hypothyroid patients in iodine-sufficient areas of the world
without a prior history of thyroid surgery or radioactive
iodine therapy will have Hashimoto’s thyroiditis, making the
assessment of anti-TPO ABs to determine the etiology of
overt hypothyroidism superfluous.

One instance where assessment of anti-TPO AB is
recommended (even when the TSH is normal) is in some
women in relation to pregnancy or planned pregnancy.
Because of the importance of maintaining euthyroidism in

pregnancy, the pre-conception identification of women at risk
for hypothyroidism is essential. However, this does not mean
that all women should have anti-TPO ABs testing pre-
conception. Rather, just those women at higher risk for
autoimmune thyroid disease, such as those with a family
history of thyroid disease or a personal history of other
autoimmune disease (such as type 1 diabetes or Addison’s
disease), should be tested. Another instance in which
assessment of anti-TPO ABs is recommended is in the setting
of infertility and/or recurrent miscarriage—grade “A” in
clinical guidelines.* Many endocrinologists and gynecologists
will recommend treatment with low-dose L-T4 therapy in
anti-TPO ABs positive, euthyroid patients with a history of
infertility and/or recurrent miscarriage. However, the efficacy
of this practice is not fully proven with some,> but not all,*
studies showing benefit.

OTHER THYROID FUNCTION TESTS

There are many other tests of thyroid status that can be
ordered by providers beyond the three discussed in this
review. However, it should be noted that these remaining tests
are seldom needed, even by endocrinologists outside of very
well-defined clinical scenarios. Again, the only test of thyroid
function needed by the vast majority of patients seen in
primary care is the TSH, despite what patients themselves
may request or demand. Table 4 lists these other thyroid tests
and their main clinical use.

CONCLUSION

Primary hypothyroidism is one of the most common endocrine
disorders encountered and managed by primary care providers.
Unfortunately, the symptoms of hypothyroidism are extremely
non-specific and otherwise highly prevalent in the population.
Therefore, providers need to rely on biochemical testing to
confirm or rule-out the diagnosis of hypothyroidism. This
long-standing reliance on the TSH has come under increased
scrutiny in the public domain, and many alternative and
traditional medicine providers are now questioning the
reliability of standard biochemical testing of thyroid function.
Many patients struggle with a multitude of these non-specific
complaints, and in their quest for answers become upset when
they are told their thyroid function is normal. As reviewed,
true hypothyroidism in the setting of a normal TSH is highly
unlikely, with an estimated prevalence of perhaps 1 case per
1500 patients. It is uncertain, therefore, whether the assessment
of a single free T4 is cost-effective in the assessment of a
patient’s thyroid status. If a free T4 test is obtained, the
limitations of the assay method employed need to be
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Table 4. Other tests of thyroid function/status

Thyroid test

Free T3

Reverse T3

Free thyroxine index

Thyroid stimulating
immunoglobulin & TSH
receptor antibodies

Thyroglobulin

Anti-thyroglobulin
antibodies

Calcitonin
24 hour urine iodine
Total T3 and T4

Free T4 by equilibrium

Clinical utility

To determine the degree of hyperthyroidism when TSH is suppressed (sometimes
used in conjunction with free T4)

No clinical utility (elevated in non-thyroidal illness)

Evaluation and management of hyperthyroidism during pregnancy

Evaluation of the cause of hyperthyroidism (used in conjunction with thyroid uptake
and scan and/or at times when radioiodine scanning cannot be performed (i.e.

pregnancy))

Follow-up of differentiated thyroid cancer

Only useful in conjunction with thyroglobulin (to assure reliability of thyroglobulin
result)
Diagnosis and follow-up of medullary thyroid cancer

To assure excess iodine from amiodarone or i.v. contrast has dissipated from the
body

No clinical utility with the availability of assays for free hormone levels

Considered the gold standard for free T4 measurement (seldom ordered as the test

dialysis is costly and not widely available)

considered. Lastly, the assessment of anti-TPO ABs should be
avoided in non-pregnant patients with a normal TSH, as
treatment decisions based on the presence or absence of these
antibodies is not supported by current clinical guidelines. The
increasingly maligned TSH is still the best, and often only,
thyroid function test that is needed in the assessment of most
patients.
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