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more specifically, antithyroid peroxi-
dase antibody (anti-TPO)] test,
which provides information relevant
to a possible autoimmune etiology,?
and serum thyroid hormone indices
Ithe free T, estimate (FT,E) and free
T, estimate (FT,E) tests], which
serve as a gauge of the severity of
thyroid dysfunction. However, the
finding of a normal serum TSH
value in ambulatory populations
virtually excludes the diagnosis of
thyroid dysfunction.

Screening of ambulatory pa-
tient populations at risk for pri-
mary thyroid dysfunction. In
certain patient populations “at risk”
for primary thyroid dysfunction, rou-
tine TSH screening appears to be
cost-effective. Such populations in-
clude patients with autoimmune dis-
eases affecting other organ systems
(eg, myasthenia gravis, pernicious
anemia, rheumatoid arthritis, sys-
temic lupus erythematosus), pa-
tients with a family history of au-
toimmune thyroid disease and the
elderly. In all these groups, the pre-
valence of autoimmune thyroid dis-
ease appears to be significantly in-
creased.”? For example, we have re-
cently employed the combination of
a third generation TSH IMA and a
sensitive AMA (anti-TPO) test to
screen a large healthy elderly popu-
lation. Preliminary results, as
shown in Figure 4, indicate that ele-
vations of TSH levels and AMA
(anti-TPO) values are more common
in aging populations, probably indi-
cating a high incidence of subclinical
autoimmune thyroid disease. These
results suggest that increasing TSH
levels with aging are not physiologic,
as has been suggested by some stud-
ies, but pathologic.*

Optimizing thyroid hormone
replacement therapy. Serum
TSH measurement is ideally suited
for optimizing thyroid hormone re-
placement therapy because it pro-
vides the most precise endpoint
presently available for determining
the adequacy of peripheral thyroid
hormone action. However, a mini-
mum of 4 to 8 weeks between oral T,
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Figure 4. The solid symbols (triangles = males, 1 = 410; circles = females, n = 402) represent serum TSH
IMA values in AMA (anti-TPO) negative {open symbols, n = 674) and AMA (anti-TPO) positive (closed
symbols, n = 138) patients as a function of patient age. The normal reference range is established from the

mean +3 SD of log TSH values of 675 euthyroid subjects with negative AMA values. Note that a sensitive
AMA (anti-TPO) RIA (Kronus., Dana Point, CA) was used in preference to an insensitive hemagglutination

technique.

dosage adjustments is required to
achieve a new stable serum TSH
level. Therefore, when starting oral
T, replacement therapy, the physi-
cian is advised to initially monitor
serum T, values for 1 to 2 months,
until they have stabilized, before de-
termining the serum TSH value. If
the TSH value is observed to be ab-
normal, the oral T, dosage can be
adjusted accordingly. The provision
of multiple dosages of oral T, by
manufacturers has greatly simpli-
fied this titration process.

Once normal serum TSH values
have been achieved, serum TSH
levels can then be monitored
annually or biannually, as long as
the patient is compliant and
maintained on the same oral T,
preparation. If, however, the source
of oral T, is changed, inadvertent
over- or undertreatment may result,
because the T, content and bioavail-
ability of various T, preparations
vary significantly.?> These differ-
ences are particularly evident when

employing generic T, preparations.

Noncompliance with prescribed
oral T, therapy is usually evidenced
by the finding of an elevated serum
TSH combined with a low serum
FT_E value. There are, however, a
number of other instances where as-
sessment of patients on mainte-
nance T, therapy may be somewhat
more difficult. For example, dispa-
rate results may be seen if a patient
stops oral T, but then resumes ther-
apy 1 or 2 weeks prior to reevalu-
ation. In such cases, serum FT E
values may have normalized while
TSH levels remain elevated, due to
the longer lag period required for the
full TSH response to occur. Obvi-
ously, it is important to query pa-
tients about their level of compli-
ance in order to clear up such a
discrepancy.

Another situation that commonly
causes confusion occurs in some
athyreotic patients on T, therapy
who normalize their serum TSH val-
ues only when serum FT E levels
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Figure 5. Serum TSH levels determined by a third generation assay in ambulatory [normal, clinically hyperthyroid, chronically T,
“suppressed” (T Rx) and 6 weeks of T, treatment (T,Rx)] and hospitalized [hyperthyroid, nonthyroidal illness (NTI) and glucocorticoid-
treated (GLUC Rx)] patients. Both basal TSH values (TRH-) and 30 min post-TRH stimulated values (TRH+) are shown. Undetec-
table levels (<0.005 mU/L) are represented by open symbols. (Reprinted from Spencer CA et al,* with permission.)

become elevated. This phenomenon
has been carefully studied by Fish
and co-workers,?” who found that
systematically higher serum FT E
values (averaging 25 nmol/L) were
required to achieve normal serum
TSH and T, values in athyreotic
subjects. This difference presuma-
bly results from the failure of oral T,
therapy to provide the T, which is
directly produced by the normal thy-
roid gland. Thus, 10% to 20% of hy-
pothyroid patients on an adequate
T, replacement dose will display ele-
vations in total and FT E values. It
should be stressed that these “ab-
normal” T, values should not be con-
sidered to reflect overtreatment but
simply indicate that oral T, therapy
does not fully mimic the in vivo thy-
roid gland secretion pattern. The
findings in these patients also

underscore the importance of em-
ploying serum TSH measurement as
a standard for individualizing thy-
roid hormone replacement therapy.
Optimizing thyroid hormone
suppressive therapy. The use of
thyroid hormone suppressive ther-
apy for treatment of benign and ma-
lignant growths of the thyroid gland
is a subject vitally in need of critical
reevaluation. Recent studies have
brought into question not only the
efficacy of thyroid hormone suppres-
sive therapy for benign thyroid nod-
ules? but have also raised the spec-
ter that such therapy may accelerate
bone loss and osteoporosis by produ-
cing subclinical hyperthyroidism.?
Yet, there is a substantial body of
data that has demonstrated the
usefulness of thyroid hormone
therapy in achieving goiter regres-

degree to which
thyroid hormone
excess is present.?
These data reveal
that clinically
hyperthyroid patients have
significantly lower serum TSH levels
{<0.005 mU/L) than do most patients
who are receiving customary T, sup-
pression doses (0.15 to 0.3 mg/day),
as shown in Figure 5. Therefore,
varying degrees of thyroid hormone
excess produce varying levels of TSH
suppression — ie, TSH suppression
is a relative, not an absolute, phe-
nomenon. This observation raises
the question of whether the differ-
ence in reported clinical responses to
thyroid hormone suppressive ther-
apy may not simply be a reflection of
the degree to which TSH levels are
suppressed. However, until such
questions can be resolved, the clini-
cian needs guidelines on where,
when and how to employ thyroid
hormone suppressive therapy.
Current practice dictates that thy-
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roid hormone suppressive therapy
be limited to those patients whose
underlying thyroid disease warrants
the risks of iatrogenic hyperthyroid-
ism. This means, in our view, that
thyroid hormone suppression should
be employed almost exclusively for
treatment of patients who have, or
who are presumed to have, TSH-de-
pendent thyroid cancer. Further,
the degree of deliberate T, overtreat-
ment, as reflected by the fall in TSH
values, should be related to the risk
or likelihood of thyroid cancer
recurrence.

Minimal criteria for adequate
TSH suppression would be the least
amount of T, therapy required to re-
duce basal serum TSH values below
0.1 mU/L. Such a level of suppres-
sion would be satisfactory for long-
term treatment of patients who have
an apparent surgical cure for thyroid
cancer. In instances where metasta-

tic thyroid disease is present, or may
be present, suppression of basal
serum TSH levels below 0.01 mU/L
when using a third generation as-
say, or absence of a TSH response to
TRH administration when using a
second generation assay, would
seem to be prudent. On the other
hand, in patients at high risk for
tumor recurrence — eg, an elderly
male with metastatic thyroid can-
cer— suppressive T, therapy proba-
bly should be pushed to tolerance.
Such a level of suppressive therapy
generally results in production of
nondetectable (<0.01 mU/L) TSH
values following TRH administra-
tion employing a third generation
assay. Thus, the level of TSH sup-
pression is related to the risk of the
disease state being treated.

For patients presenting with be-
nign, nontoxic diffuse or nodular goi-
ter, administration of replacement
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Figure 6. Diagnostic scheme for using second generation TSH IMAs as a “first line” thyroid test in
ambulatory patients. FT,E = free T, estimate; AMA = antimicrosomal antibody; L = low value; H = high
value; N = normal range value. (Reprinted from Clinical Chemistry News 1989; 15 (12), with permission.)

dosages of T, (0.15 mg/day or less)
would seem to be appropriate in
view of the apparent low benefit/risk
ratio seen in these conditions.?® Our
present strategy is to treat younger
patients with diffuse goiter with a
low level of T, suppressive therapy,
while withholding therapy in elderly
patients with long-standing nodular
disease, in whom T, treatment car-
ries a greater risk. Although these
guidelines for T, suppressive ther-
apy seem reasonable based on our
present level of information, they
are largely based on an educated
“guess.” Hopefully, future investiga-
tions will clarify this subject.

Integrated Strategy
for Assessing
Thyroid Function

Considerable debate has focused on
the relative diagnostic accuracy of
the serum TSH versus a free T, esti-
mate (FT E) as the first-line test for
thyroid dysfunction. It should be
recognized that the “free T,” deter-
minations offered by clinical labora-
tories do not directly measure serum
free T,, but only provide an indirect
free T, estimate (FT E). Three basic
strategies for FT E tests are cur-
rently used: “index,” “two step” and
“analog” approaches.

Index methods generally employ
the mathematical product of two
separate tests — usually a total T,
and an assessment of thyroxine
binding globulin (TBG) or free T,
fraction (often by a T, or T, “uptake”
approach). Two-step methods em-
ploy two incubation and two wash
steps and immunoextract out a per-
centage of the serum total T, propor-
tional to the FT, fraction. Analog
methods employ a variety of '#I-
labeled T, conjugates designed to be
minimally reactive with TBG, such
that serum FT can be estimated in
an RIA configuration, independent
of serum TBG concentration.

Whereas all three approaches
provide diagnostically comparable




FT E values in patients with normal
or near-normal binding proteins, the
methods differ in diagnostic accu-
racy when patients have grossly ab-
normal binding proteins or the bind-
ing protein impairment associated
with severe nonthyrecidal illness.?
Amid the confusion that has sur-
rounded FT E methodology over the
past 10 to 20 years, serum TSH
measurement can be mechanisti-
cally viewed as an endogenous “free
T, sensor” that will reflect FT,
status independent of binding pro-
tein abnormalities. This concept, to-
gether with the continued confusion
surrounding “free T,” methodology,
has resulted in serum TSH meas-
urement emerging as the dominant
thyroid function test.

The diagnostic reliability of serum
TSH measurement is particularly
useful in studying ambulatory,
otherwise healthy patient popu-
lations. For example, major differ-
ences in serum TSH levels are seen
for patients classified as hyperthy-
roid, subclinically hyperthyroid on
T, suppressive therapy or euthyroid,
as shown in Figure 5. A similar
stratification of clinical status with
elevated serum TSH values is also
observed for overt and subclinical
hypothyroidism. In view of these
findings, TSH measurement appro-
priately serves as our primary
screening test in ambulatory sub-
jects for the detection of thyroid dys-
function while FT E, FT,E and AMA
(anti-TPO) antibody measurements
serve as confirmatory tests.

As schematically shown in
Figure 6, measurement of FT E
levels in hyper- and hypothyroid
patients serves to define the severity
of the thyroid dysfunctional state.
Measurement of serum FT,E levels
also serves this role in hyperthyroid
patients where selective T, hyperse-
cretion may be present as so-called
T, toxicosis. However, serum FT,E
measurement has limited value in
hypothyroidism due to central and
peripheral autoregulatory mecha-
nisms that act to defend the serum
T, concentrations.?® Measurement of

AMA (anti-TPO) antithyroid anti-
bodies may also provide helpful in-
formation regarding a possible au-
toimmune etiology,?? particularly in
hypothyroid subjects, as shown in
Figure 4.

The development of a testing
strategy for sick or psychiatrically
stressed patient populations is a
substantially more complex issue
than for their ambulatory counter-
part. In a recent study, for ex-
ample,'® more than 3% of patients
hospitalized by an adult medical
service for nonthyroidal illnesses
displayed subnormal serum TSH
values below 0.1 mU/L, (Figure 5),
while 3.6% had elevated values ex-
ceeding 6.8 mU/L. At the extremes,
a few patients even had TSH values
comparable to those seen in thyro-
toxicosis (<0.005 mU/L) or primary
hypothyreidism (>20 mU/L). Al-
though many of these sick patients

had a history of receiving glucocorti-
coid or dopamine therapy, the ma-
jority had no apparent reason for
these transient changes in serum
TSH levels.

QOur current testing strategy for
this group is schematically shown
in Figure 7. Our recommendation
is that such sick populations be
screened by both a serum TSH assay
(second or third generation) and an
FT,E test, preferably using a meth-
od that provides reliable findings in
nonthyroidal illnesses.® Provided
dopamine therapy is not involved,
the finding of a normal serum TSH
and a normal FT E provides the
clinician with a high level of
confidence that such a patient is
truly euthyroid. Similarly, alter-
ations compatible with hyperthroid-
ism (high FT E and low TSH) or hy-
pothyroidism (low FT E and high
TSH) indicate that thyroid dysfune-

Hospitalized patients
FT4E (high) FT4E (normal) FT4E (normal) FT4E (normal) FT4E (low)
TSH (low) TSH (low)  TSH (normal) TSH (high)  TSH (high)
Glucocorticoid Rx?
Dopamine Rx?
AMA
No L H
TRH test Repeat Subcdlinical
TSH after  hypothyroid
recovery
L
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Probably Probably Probably
hyperthyroid euthyroid hypothyroid

Figure 7. Diagnostic scheme for using FT ,E + TSH IMA (second generation) in hospitalized patients.
AMA = antimicrosomal antibody; L = low (<0.1 mU/L); H = high (>4.6 mU/L); N = normal reference range
value. (Reprinted from Clinical Chemistry News 1989; 15 (12), with permission.)
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tion is very likely present. On the
other hand, the finding of disparate
results, such as a high or low TSH
value in conjunction with a normal
FT E value, most likely represents a
transient alteration in TSH sec-
ondary to the illness and not under-
lying thyroid disease. When such
disparate results are obtained, the
most logical approach is to repeat
these testing parameters a few days
after the nonthyroidal illness has
stablized. On the other hand, if the
patient’s clinical condition demands
a definitive diagnosis as to whether
thyroid disease is present, then the
use of other methods, including TRH
stimulation testing and measure-
ment of AMA (anti-TPO), may prove
to be of diagnostic value. For ex-
ample, some severely ill thyrotoxic
patients may display paradoxically
normal serum FT E combined with
low serum TSH values.”’ The ab-
sence of a TSH response to TRH
administration, particularly with a

third generation TSH IMA, war-
rants the diagnosis of hyperthyroid-
ism in such a patient.* Also, the ab-
sence of a detectable level of AMA
(anti-TPO) antibodies strongly ar-
gues against the presence of an
autoimmune thyroid disease state.
Perhaps the most difficult diagnostic
dilemma is presented by the criti-
cally ill hypothyroid patient who is
receiving a dopamine infusion for
treatment of cardiogenic shock. In
such an instance, even the elevated
serum TSH values of hypothyroid-
ism may be normalized by the inhi-
bitory effects of dopamine — making
laboratory diagnosis extremely diffi-
cult. In such a case, the clinician
may choose to initiate T, therapy
based on the rationalization that the
potential benefits of therapy out-
weigh the risks. This would be
similar to the employment of intra-
venous T, therapy in cases of pre-
sumptive myxedema crisis or
coma.*

The Future of
TSH Measurement

The availability of second and, more
recently, third generation TSH IMAs
has afforded a unique opportunity to
gain new insights into regulation of
the hypothalamic-pituitary-thyroid
axis in man. Some of the questions
needing clarification in the future
include:

1. Better definition of normal
TSH values. Improved methods for
TSH measurement now allow better
delineation of euthyroid values as
they may vary with such factors as
age, sex and race. Such careful defi-
nition of normal limits is very im-
portant in determining the meaning
of variations in serum TSH values
that may occur with both thyroidal
and nonthyroidal illnesses.

2. Better definition of optimal
thyroid hormone suppressive

Glossary and Abbreviations

AMA/anti-TPO
Analytical sensitivity

First generation TSH assay

Functional sensitivity

FT.E

FT,E

IMA

RIA

Second generation TSH assay
T4

T3

Third generation TSH assay
TRH

TSH

Antimicrosomal/antithyroid peroxidase antibody.

The precision of the zero standard measured in the intra (within)

assay mode.

An assay with functional sensitivity between 1 and 2 mU/L.

The lowest TSH value detectable with 20% coefficient of variation
(CV), measured in the inter (between) assay mode.

Free thyroxine estimate.
Free T, estimate.
Immunometric assay.

Radioimmunoassay.

An assay with functional sensitivity between 0.1 and 0.2 mU/L.

Thyroxine.

Triiodothyronine.

An assay with functional sensitivity between 0.01 and 0.02 mU/L.

Thyrotropin releasing hormone.

Thyrotropin, thyroid stimulating hormone.
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therapy. There is a vital need to
determine the optimal degree of
TSH suppression required for treat-
ment of nonmalignant and malig-
nant thyroid disease. Now, employ-
ing third generation TSH assays, the
correlation between the degree of
TSH suppression and therapeutic
response can be more directly and
objectively assessed.

3. Development of improved
endpoints for optimizing thyroid
hormone replacement therapy.
Although we are currently satisfied
with achieving normal-range TSH
values as an endpoint for thyroid
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