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ABSTRACT

Iodine is an essential component of thyroid hormone. Because thy-
roid hormone synthesis is affected by iodine deficiency on the one
hand and by excess iodine intake on the other, thyroid function bio-
markers may be useful for assessing iodine status and studying the
effects of iodine supplementation. However, reference intervals for
some of the most useful thyroid function biomarkers, including se-
rum concentrations of thyroid-stimulating hormone (TSH), free thy-
roxine (FT4), and thyroglobulin, vary widely due to variability in the
commercially available immunoassays for these tests. Recognizing
the need for standardization of thyroid function testing, the Interna-
tional Federation of Clinical Chemistry and Laboratory Medicine
established a working group, later restructured as the Committee
for Standardization of Thyroid Function Tests, to examine its feasi-
bility. The committee has established a conventional reference mea-
surement procedure for FT4 and an approach to harmonization of
results for TSH. Panels of single-donation human blood specimens
that span the measuring interval of the immunoassays were used to
assess the performance of commercially available immunoassays and
form the basis for their recalibration. Recalibration of the manufac-
turers’ methods for both FT4 and TSH has shown that the variability
among immunoassays can be successfully eliminated for euthyroid
individuals as well as for patients with thyroid disease. The com-
mittee is not investigating the standardization of thyroglobulin at the
present time. Am J Clin Nutr 2016;104(Suppl):913S-7S.
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INTRODUCTION

Although urinary iodine concentration is a sensitive indicator
of recent iodine intake, laboratory tests that detect abnormal
thyroid function may be more useful for identifying individuals
with chronic iodine deficiency or excessive iodine intake and for
monitoring the effects of iodine supplementation. Among the
most helpful of these measures are serum concentrations of
thyroid-stimulating hormone (TSH)’, serum concentrations of the
thyroid hormone thyroxine (T4) as total T4 and free (i.e., un-
bound) T4 (FT4), and serum concentrations of the thyroid protein
thyroglobulin, which plays an important role in the synthesis of
thyroid hormone, including the iodination steps. Other helpful
measures include serum concentrations of the thyroid hormone
triiodothyronine (T3) as total T3 and free T3 (FT3). Most of the
thyroid hormone in the body is stored and circulated as T4; T3 is
the active form.
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TSH is regulated by circulating FT4. Moderate to severe iodine
deficiency may produce lower serum FT4 and consequent elevation
of serum TSH. If the iodine deficiency is prolonged, goiter may
develop and there may be an increase in circulating concen-
trations of thyroglobulin (1). Excess iodine may induce hy-
perthyroidism in some patients, resulting in elevated FT4 and
depressed TSH (2).

Evidence-based practice guidelines for the use of the above
thyroid function tests have been hampered by the lack of uniformity
in the methodologies available. Standardization (or an alternative
approach called harmonization) will facilitate clinical studies that
may be used to establish accurate thresholds for dietary iodine in
terms of their effects on thyroid function.

REFERENCE MEASUREMENT PROCEDURES

In vitro diagnostic (IVD) assays are laboratory tests that are
intended for use in the diagnosis of disease or the determination
of the state of health and are performed on specimens taken from
the human body. Standardization of IVD assays used in clinical
laboratory medicine means that the calibration of all assays is
traceable to a reference measurement system and, consequently,
all assays give equivalent results for any patient’s specimen.
Ideally, such a system must include a definition of the substance
to be measured (measurand), a primary (i.e., “pure”) reference
material, and a reference measurement procedure (RMP). This
reference system allows the assignment of values to secondary
reference materials, which may be used to establish and validate
the calibration of individual assays and ensure the uniformity of
results. [See Vesper et al. (3) in this supplement issue for more
information on standardization and traceability.]

In 2005, the International Federation for Clinical Chemistry and
Laboratory Medicine (IFCC) recognized the need for standardization
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of thyroid hormone testing and established the Working Group for
Standardization of Thyroid Function Tests (WG-STFT) to investigate
the possibility of achieving this goal. Reference measurement sys-
tems had already been established for serum concentrations of total
T4 and total T3 (4, 5). The major challenge lay in developing similar
reference systems for serum concentrations of TSH and FT4.

The WG-STFT agreed on a definition of the measurand for FT4 as
follows: “thyroxine that is not bound to proteins in plasma or serum
measured under physiologic conditions in units of pmol/L” (6). The
WG-STFT also agreed to separate FT4 from protein-bound T4 by
using equilibrium dialysis under defined, near-physiologic condi-
tions of temperature and solution composition, followed by mea-
surement of the FT4 in the dialysate using isotope-dilution liquid
chromatography/tandem mass spectrometry. These measurement
conditions define a conventional RMP for FT4 (7).

The WG-STFT agreed on a definition of the measurand for
TSH as follows: “human TSH—intact, total measured so that
different glycoforms are detected in an equimolar fashion in units
associated with the existing measurement standard of mIU/mL
until transition to mol/L is deemed possible” (8). The measure-
ment standard for TSH is a WHO International Reference Prep-
aration obtained from purified cadaver pituitary. It was deemed
unlikely that an RMP for TSH would be feasible in the near fu-
ture, and it was shown that the WHO International Reference
Preparation was noncommutable, meaning that it does not have
chemical reaction properties in immunoassays that are the same
as those for clinical specimens from patients. As discussed by
Vesper et al. (3), commutability is a critically important charac-
teristic of reference materials. When standardization to an RMP
cannot be achieved, agreement among measurement procedures
can still be obtained through an approach called “harmonization,”
in which there is a reference system consisting of methods and
materials that are not traceable to the International System of
Units (Systéeme International; SI) but are agreed upon as refer-
ences. Consequently, the WG-STFT decided to use harmonization
for TSH rather than standardization (9). The proposed harmoni-
zation approach uses a panel of single-donation human blood
serum specimens that spans the TSH measuring interval of the
commercially available methods. TSH values are assigned to each
patient sample by using a statistically valid method to calculate
the all-procedure trimmed mean. Although the WG-STFT used
the term “all-procedure trimmed mean,” the terms “all-method
trimmed mean” and ‘“‘all-method mean” are commonly used by
others when referring to this summary statistic. Throughout the
present article, we use “all-method mean” to describe this statistic
when citing published work that uses any of these terms. Assay
manufacturers can then use the value-assigned patient serum
panel to recalibrate the individual methods. This approach has
been well documented as a reliable way to ensure uniform results
among different immunoassays (10).

The WG-STFT then embarked on a series of method com-
parisons for FT4, TSH, and several other tests of thyroid function,
with the objective of assessing the current state of variability among
commercially available immunoassays. To this end, collaborations
were established with most major manufacturers, who agreed to
perform the analyses. The study was designed in 3 phases. In 2012,
the IFCC replaced the WG-STFT with the Committee for Stan-
dardization of Thyroid Function Tests (C-STFT); for that reason,
phase 3 was performed under the aegis of the C-STFT. The 3 phases
are described in the following sections.
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Phase 1

The initial investigations, published in 2010, entailed analyses on
a panel of sera from apparently healthy subjects, with the expectation
that their thyroid function tests would place them into the euthyroid
(i.e., normal) range (11-13). Concentrations of FT4 and FT3 were
measured by laboratory personnel at Ghent University in Belgium
using conventional RMPs for these analytes. The specimens were
also measured by the individual manufacturers using different
combinations of instrument and calibrator lots. The results for FT4
identified substantial variability among commercially available
immunoassays, with most of the methods showing a negative bias
greater than the total error goal based on intraindividual bi-
ological variability of £10% for FT4 (Figure 1A) (11). However,
mathematical recalibration using regression of the conventional
RMP results for the individual patient specimens on the com-
mercial methods’ results successfully reduced the systemic de-
viations and also diminished the negative bias, drastically shifting
the magnitudes of the reported results (Figure 1B) (11). There was
less variability among commercially available immunoassays for
TSH as a percentage of the all-method mean, although a few
methods showed variation greater than the total error goal based
on intraindividual biological variability of =23% for TSH (Figure
1C) (12). Mathematical recalibration using regression of the all-
method mean values for the individual patient specimens on the
commercial methods’ results reduced the variability (Figure 1D)
(12). The WG-STFT also reported the variability of FT3, total T4,
and total T3 in the same panel of sera (11, 13).

Phase 2

For the second method comparison, the manufacturers ad-
justed their master calibrators by using either the all-method
mean values for the individual patients’ specimens (for TSH) or
the values assigned by the conventional RMP (for FT4) (14).
This phase was considered a proof-of-concept demonstration
that the ultimate goals of establishing harmonization for TSH
and standardization for FT4 were feasible. Phase 2 used a serum
panel with characteristics similar to the euthyroid panel used in
phase 1, with the exception of a few specimens from donors
judged to have probable thyroid disease on the basis of com-
parison with the results obtained in phase 1. Figure 2 shows that
the dispersions of test results for the phase 1 and phase 2 studies
were comparable both before and after recalibration, although
the manufacturers’ recalibration of master calibrators in phase 2
was slightly less successful than the mathematical recalibration
performed in phase 1 (14). Taking into consideration that the
phase 1 and phase 2 studies were conducted 1 y apart using
different lots of reagents, the WG-STFT expressed confidence in
the feasibility of establishing traceability of the calibration of
IVD assays for TSH to the all-method mean values and the
calibration of IVD assays for FT4 to the conventional RMP
values assigned to the individual patients’ specimens (14).

Phase 3

The C-STFT performed the third method comparison using
specimens from patients with a wide variety of thyroid diseases
(15). As opposed to the previous studies, which used specimens
primarily from individuals believed to be euthyroid, the goal of
this study was to explore the impact of standardization and
harmonization across the clinically relevant concentration range.
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FIGURE 1 FT4 (A and B) and TSH (C and D) results for specimens from euthyroid subjects in the phase 1 study: percentage differences. FT4
measurements were obtained using immunoassay (15 procedures) and ED in combination with ID-LC-MS/MS (2 procedures); these were compared with
the mean of FT4 results obtained using the conventional RMP, which was based on ED with ID-LC-MS/MS. TSH measurements were obtained using
immunoassay methods (16 procedures); these were compared with values assigned to the individual patients’ specimens as the all-method means of TSH
results. In panels A and B, the y value of each data point represents the mean of 6 results for an individual FT4 assay as a percentage of the RMP mean value,
and the x value represents the RMP mean value. FT4 data are shown before (A) and after (B) mathematical recalibration using the reverse relation (Deming
regression of RMP mean values on individual-assay mean values). In panels C and D, the y value of each data point represents the mean of 6 results for an
individual TSH assay as a percentage of the all-method mean value, and the x value represents the all-method mean value; the dashed lines are drawn at the
total error goal based on intraindividual biological variation for TSH (=23%). TSH data are shown before (C) and after (D) mathematical recalibration. ED,
equilibrium dialysis; FT4, free thyroxine; ID-LC-MS/MS, isotope dilution-liquid chromatography—tandem mass spectrometry; RMP, reference measurement
procedure; TSH, thyroid-stimulating hormone. Adapted from references 11 and 12 with permission.

Serum concentrations of 10-35 pmol/L for FT4 and 0.4—
8.9 mIU/L for TSH are typically considered normal (16). The
concentrations spanned by the panel of specimens, 3—77 pmol/L
for FT4 and 0.04-80 mIU/L for TSH, extended into ranges as-
sociated with hyperthyroidism (elevated FT4 and low TSH) and
hypothyroidism (low FT4 and elevated TSH) and thus were
suitably broad. The study excluded specimens from pregnant
women, patients with severe nonthyroidal illness, and patients
in other categories known to challenge FT4 immunoassays in
ways that may be design-dependent. As in the phase 2 study,
the manufacturers were allowed to perform the recalibration
themselves, using their master calibrators.

‘When compared with the conventional RMP, FT4 concentrations
were all negatively biased for concentrations in the euthyroid range
(similar to the results for the euthyroid serum panel in phase 1 and
the primarily euthyroid panel in phase 2) and the hyperthyroid range
(>27 pmol/L). Interestingly, in the hypothyroid range (<9 pmol/L),
some assays were negatively biased but others were positively bi-
ased (Figure 3A) (15). Regardless, manufacturers were able to
eliminate most of the bias from their individual assays by recali-
bration to the RMP (Figure 3B) (15).

As can be seen from Figure 3C, 2 of the TSH assays were
outliers with regard to the all-method mean, especially in the low
TSH (hyperthyroid) range; for TSH values <0.3 mIU/L, one

assay (open circles) had a negative bias of ~30—60% and
the other (X’s) had a negative bias of ~25—90% (15). Al-
though recalibration to the all-method mean made the dispersion
more symmetrical for almost all of the assays and corrected the
bias of the former outlier, it failed to correct the negative bias of
the latter outlier (Figure 3D) (15). The overall excellent correla-
tion of most of the TSH assays to the all-method mean led the
committee to conclude that current immunoassays appear to be
“glycosylation blind” (i.e., they measure TSH in an equimolar
fashion regardless of differences in glycosylation). The general
conclusion of the phase 3 study was that recalibration was
successful in achieving uniform FT4 and TSH results, but that
there may be a need to improve the approach for the low range
of both measurands (15).

STANDARDIZATION OF THYROGLOBULIN
IMMUNOASSAYS

Currently, measurement of serum thyroglobulin is used primarily
for monitoring the treatment of patients with thyroid carcinoma.
However, serum thyroglobulin concentrations are elevated in a variety
of thyroid disorders, especially those in which there is active de-
struction of thyroid cells, such as subacute thyroiditis. Studies on
the use of serum thyroglobulin for assessing iodine deficiency are
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FIGURE 2 FT4 (top panel) and TSH (bottom panel) results for specimens
from euthyroid subjects in the phase 1 and phase 2 studies: box plots of per-
centage differences. In the phase 2 study, manufacturers assayed a new panel of
samples similar to the euthyroid specimens from the phase 1 study, using the
conventional RMP mean results (for FT4) and the all-method mean values (for
TSH) for the individual patients’ specimens to readjust their master calibrators,
as would be required for implementation of standardization and harmonization.
For phase 1 (left-hand plots), results are shown before and after mathematical
recalibration as described in Figure 1. For phase 2 (right-hand plots), results are
shown before and after manufacturers’ adjustment of their master calibrators.
The dashed lines are drawn at arbitrary total error values of £10%. FT4, free
thyroxine; RMP, reference measurement procedure; TSH, thyroid-stimulating
hormone. Adapted from reference 14 with permission.

limited, but it has been suggested as a useful way to detect and
monitor goiter development (17).

The measurement of thyroglobulin in patients with thyroid
carcinoma is controversial because of the high incidence of anti-
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thyroglobulin autoantibodies in such patients. These endogenous
antibodies may interfere with immunoassays in a variety of ways. A
novel approach to measuring thyroglobulin using proteolytic di-
gestion followed by liquid chromatography/tandem mass spec-
trometry detection of a unique target peptide was recently introduced
(18). This method, designed to eliminate interference by autoanti-
bodies, could also serve as an RMP for the standardization of
thyroglobulin measurement. A similar approach is being investigated
by an IFCC committee for the standardization of parathyroid hor-
mone. However, at the current time, this test is not within the scope of
the IFCC committee for standardization of thyroid function tests.

THE WAY FORWARD

Although the C-STFT believes that it has shown that both the
harmonization of TSH immunoassays and the standardization of
FT4 immunoassays are possible, important implementation de-
tails remain to be developed. Of particular concern is the impact
that recalibration will have on altering the numerical values
obtained by individual immunoassays, especially for FT4. It is
evident that some of the manufacturers of the assays reported in
the first 3 studies (whose identities have been purposely masked)
will have to make significant changes in their reference intervals.

The C-STFT is currently engaged in an open collaboration
with a broad spectrum of stakeholders, including IVD manu-
facturers and the US Food and Drug Administration. It will need
to reach out to representatives of the clinical laboratory pro-
fession, other regulatory agencies and professional societies,
other manufacturers of IVD assays in addition to the ones that have
supported and participated in its activities so far, and, of course,
physicians and their patients. The C-STFT is also looking into
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FIGURE 3 FT4 (A and B) and TSH (C and D) results for specimens from patients with thyroid disease in the phase 3 study: percentage differences. In the
phase 3 study, manufacturers assayed normal and abnormal specimens both before and after recalibration procedures similar to those used in phase 2. Values
are shown before (A and C) and after (B and D) mathematical recalibration as described in Figure 1. The dashed lines are drawn at the total error goal based
on intraindividual biological variation of =10% for FT4 (A and B) and the similarly derived total error goal (rounded to the nearest factor of 10) of £20%
for TSH (C and D). FT4, free thyroxine; TSH, thyroid-stimulating hormone. Adapted from reference 15 with permission.
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establishing a network of clinical laboratories capable of offering the
conventional RMP for FT4 and of providing an infrastructure for the
procurement of serum panels; this would enable standardization and
harmonization to be maintained after the initial implementation.

The C-STFT strongly believes that both the harmonization of
TSH immunoassays and the standardization of FT4 immunoassays
are technically feasible, important for the diagnosis and management
of thyroid disease, and important to the use of thyroid biomarkers for
iodine status monitoring. However, to be successful, implementation
must move forward hand-in-hand with the development of educa-
tional materials for manufacturers, clinical laboratories, physicians,
clinical researchers, public health scientists, and patients.
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