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Abstract

A thyroid panel consisting of thyroid stimulating hormone (TSH) and free thyroxine (fT4) should form the first 
line of diagnostic tests; tri-iodothyronine (T3) — total or free may be needed occasionally. A TSH assay capable 
of detecting levels below 0.02mIU/L is required to differentiate the suppressed TSH levels typical in Graves’ 
disease from subnormal levels seen in some geriatric patients, non-thyroidal illness, and patients on medications. 
Additional tests including thyroid peroxidase antibody (TPOAb), thyroglobulin antibody (TgAb), and TSH receptor 
antibody (TRAb) may be ordered to enable differential diagnosis when indicated. Serum thyroglobulin (Tg) may 
serve as a tumour marker for monitoring patients with differentiated thyroid cancer. 
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Synonyms 
Thyroid screen, Thyroid panel, Thyroid profile, 
Thyroid function tests (TFTs)

Tests Commonly Included
Thyroid tests commonly used include TSH, fT4 (or 
fT3), thyroid antibodies (TPO-Ab, Tg-Ab), TRAb,  
and Tg.

Specimen
Serum is used for testing. The blood sample should 
be collected in a plain tube and sent to the lab 
immediately for processing. Thyroid medications 
(thyroid hormones and anti-thyroid drugs) should 
be omitted prior to blood taking. To reduce the 
variability of test results specimens should be 
obtained at the same time of day and prandial 
state. Late morning non-fasting serum TSH have 
been shown to decline by an average of 26% from 
early morning fasting values1. TSH also exhibits 
diurnal variation — nadir in the late afternoon and 
peak at midnight; for night shift workers TSH peaks 
in the morning2.

Indications
Thyroid tests are often used to screen thyroid 
function, assess adequacy of therapy, and monitor 

treatment of differentiated thyroid cancer. In 
Singapore, some 4–7% of the population have a 
thyroid disorder and constitute up to one-third of 
all endocrine referrals in restructured hospitals3. 
About 90% of thyroid patients in Singapore suffer 
from hyperthyroidism and the remaining 10% 
hypothyroidism, with Chinese women at higher 
risk for hyperthyroidism and Indian ethnic group 
at higher risk for hypothyroidism4. The clinical 
presentation of thyroid disease is quite diverse thus 
accurate lab assessment is vital. Besides, patients 
may require long-term (anti-thyroid drugs) or life-
long (thyroid hormones) medications or ablative 
therapy (radioiodine or surgery). Thyroid testing 
constitutes the most frequent endocrine tests 
performed by the clinical laboratory.

Thyroid hormones (T4 and T3) are regulated by 
TSH while TSH is in turn controlled by the interplay 
between the hypothalamic thyrotropin releasing 
hormone (TRH) and feedback inhibition by thyroid 
hormones5. The relationship between TSH and fT4 is 
inversely log-linear such that a small change in fT4 is 
accompanied by a large reciprocal change in TSH6,7. 
Consequently, thyroid function is best assessed by 
measuring TSH when pituitary or hypothalamic 
disease is absent, steady state conditions prevail, 
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and patients are not on drugs affecting the 
thyroid8. However, TSH in conjunction with fT4 has 
been identified as the best screening tool9. Each 
individual has a unique set-point for the fT4/TSH 
relationship which is genetically determined. In 
early thyroid dysfunction, pituitary TSH responds 
to mild fT4 excess or deficiency relative to that  
set-point. In this subclinical state fT4 is normal 
while TSH is elevated (subclinical hypothyroidism) 
or depressed (subclinical hyperthyroidism). 

There is no consensus on treating subclinical 
thyroid disease, but the move towards treatment 
is growing10. Subclinical hyperthyroidism is  
associated with atrial fibrillation, diastolic 
dysfunction, more cardiac deaths, and impaired 
bone health (osteopenia, osteoporosis, and 
increased fracture rate, especially in post-
menopausal women)11. Treatment of subclinical 
hyperthyroidism is beneficial12 as atrial fibrillation 
reverts to sinus rhythm, heart rate is reduced, 
vascular resistance improves, echocardiographic 
changes revert13, and bone mineral density is 
augmented. Progression from subclinical to 
overt thyrotoxicosis occurs at 8% in year 1, 16% 
by year 2, 21% at 3 years and 26% at 5 years14. 
The magnitude of subclinical hyperthyroidism 
requiring treatment at 5 years depends on the  
underlying aetiology — 9% for Graves’ disease, 21% 
for multinodular goitre and 61% for autonomous 
nodules. Moreover, patients with TSH <0.1mIU/L 
are most likely to progress, while those with TSH 
>0.1mIU/L will not14–17. Treatment of subclinical 
hyperthyroidism also depends on the level of TSH 
suppression (<0.1 versus >0.1)16, patient’s age, and 
co-morbid conditions. 

While the case for treating subclinical 
hypothyroidism is less clear, development of 
myxoedema coma has been reported18. In a recent 
re-analysis of the Wickham survey data, there is 
an association of subclinical hypothyroidism with 
coronary events and mortality as well as attenuation 
of cardiac morbidity and mortality with thyroxine 
therapy19. In a 13-year study of women with thyroid 
antibodies, 85% with baseline TSH >4.0mIU/L were 
hypothyroid while 55% of those with TSH between 
2.5–4.0 mIU/L developed hypothyroidism in  
contrast to 70% and 28% respectively in antibody 
negative subjects20. Thyroid hormone replacement 
was useful in those with positive TPO-Ab21. In 
contrast pregnant subjects with subclinical 
hypothyroidism merit treatment due to the known 

adverse outcomes (e.g. spontaneous miscarriage, 
recurrent miscarriage, and pre-term delivery) in 
both TPO-Ab negative22 and positive23 pregnancies. 
Moreover, undiagnosed maternal hypothyroidism 
impacts the neuropsychiatric development of  
the child24. 

METHODOLOGY
Currently available automated platforms for TFTs 
can provide rapid and reliable test turnaround 
times to support same clinic session evaluation 
of ambulatory outpatients. Clinical labs should 
keep abreast with advancing technology and 
replace “comparative” methods with “definitive” 
methods as soon as they become available25. 
Quality specifications for thyroid function tests are 
available26. Labs should also note the precision and 
accuracy goals for thyroid function tests, which 
have been established based on intra-assay and 
inter-assay biological variation. All immunoassays 
should be immune to the effects of human anti-
mouse (HAMA) and heterophile antibodies.

Thyroid Stimulating Hormone (TSH)
Most of the current TSH assays in use have 
detection limits of 0.01–0.02 mIU/L or better 
and can distinguish mild hyperthyroidism from 
euthyroid subjects. This level of TSH is also known 
as the functional sensitivity of the assay, defined as 
that concentration of TSH characterised by an inter-
assay imprecision of 20%. Serum TSH in untreated 
hyperthyroidism is often <0.02mIU/L. However, 
some sick euthyroid subjects in intensive care 
units may have TSH values at or near 0.02mIU/L 
and require TSH assays with lower detection limits 
(0.004mIU/L) for clarification27. 

The normal range for serum TSH is around  
0.4–4.0 mIU/L, but there is some controversy as 
to the appropriate upper normal limit28–31. The 
National Academy of Clinical Biochemistry32 argues 
that the upper TSH limit should be 2.5mIU/L 
because 95% of rigorously screened euthyroid 
volunteers have values between 0.4–2.5 mIU/L. The 
use of a lower upper limit for normal serum TSH 
will substantially increase the number of patients 
diagnosed with subclinical hypothyroidism30. 
However, in the United States National Health 
and Nutrition Examination Survey III (NHANES III) 
population (n=13,444) the TSH reference range was 
0.4–4.5 mIU/L when subjects with a positive family 
history, drugs, goitre, nodules, or positive TPO-Ab 
were excluded. Age-based TSH normal ranges have 
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been advocated, but a close examination of the 
NHANES III data reveal that the upper cut-point for 
TSH should be higher (7.5mIU/L) only in subjects 
over 70 years old29. 

In pregnancy, trimester-specific ranges for TSH 
should be applied as the TSH cut-points are 
much lower than for non-pregnant subjects33. An 
upcoming guideline from the American Thyroid 
Association on diagnosis and management of 
thyroid disease in pregnancy recommends the 
following TSH values: 1st trimester 0.1–2.5; 2nd 
trimester 0.2–3.0; 3rd trimester 0.3–3.0)34.

Free Hormones
While fT435 and fT336 assays have largely replaced 
total T4 and total T3 measurements, they are an 
estimate of the true free hormone levels. Accurate 
fT4 concentrations can be determined using liquid 
chromatography-tandem mass spectrometry 
but this method is of research interest only37. For 
direct free hormone assays, the use of one-step 
hormone-labelled analog methods is discouraged. 
For one-step labelled antibody free T4 methods, 
the assay should extract only 1–2% of total 
hormone concentration off the binding proteins.  
Samples containing high hormone labels should 
exhibit parallelism when diluted and show <10% 
deviation from expected values38. Locally, most labs 
use a 2-step labelled antibody fT4 assay. However, 
the use of fT3 should be limited to the evaluation 
of T3-toxicosis25, monitoring treatment of thyroid 
storm, and in the rapid pre-operative preparation 
of the acutely thyrotoxic patient. Index methods 
(fT4I and fT3I) are calculated tests with poor 
diagnostic sensitivity and have been superseded 
by free hormone assays. 

Thyroid Antibodies
An antibody panel consisting of TPO-Ab and TgAb 
may be added to enable differential diagnosis of 
most thyroid disorders25. The prevalence of thyroid 
auto-antibodies is high in the local population. 
In normal subjects from the executive health 
screening clinic (n=176) the prevalence of TPO-Ab 
was method-dependent — RIA (Radio Immuno 
Assay) 10.2%, chemiluminescence 11.9%, and EIA 
(Enzyme Immuno Assay) 13.5% — as was Tg-Ab 
(RIA 13.6% and EIA 8.4%)39,40. 

TRAb 
A rapid (27 minute) electro-chemiluminescent 
TRAb assay is now available41. TRAb may be 

helpful in the prediction of relapse after anti-
thyroid therapy, assessment for the risk of neonatal 
hyperthyroidism, in the evaluation of possible 
Graves disease without extra-thyroidal features, 
and in unilateral exophthalmos.

Thyroglobulin (Tg)
Tg has been used for detecting recurrence of 
thyroid cancer in post-thyroidectomy patients42. 
However, the presence of Tg-Abs in serum will 
result in under-estimation of the true Tg levels43. 

Thyroid Proteomics
Proteomics has advanced our understanding 
of thyroid cancer biology. The list of candidate 
molecular markers for thyroid neoplasia is growing 
but more work is required44.

Limitations
TFT results together with time of specimen 
collection, clinical evaluation, medical and 
drug history. Clinicians should look for “internal 
consistency” by comparing abnormal results  
against the disease state based on the fact that 
when the hypothalamic-pituitary function is 
normal, a log/linear inverse relationship between 
serum TSH and fT4 is evident. However, raised 
TSH and fT4 could be encountered in the rare 
pathologic conditions such as a TSH-secreting 
pituitary adenoma or states of resistance to thyroid 
hormone (RTH) while a depressed TSH and normal 
or low fT4 suggests secondary hypothyroidism. 

Large population surveys demonstrate little 
difference in the prevalence of clinical symptoms 
between euthyroid controls and subclinical 
hypothyroid subjects, and hence little added 
advantage to lower the upper limit of the TSH 
reference range. Currently, the general consensus 
is that emphasis should be on clinical stratification 
and patient-specific factors such as age, gender, 
ethnic origins, symptoms, presence or absence 
thyroid auto-antibodies, pregnancy or infertility 
rather than the TSH upper reference range in 
subclinical thyroid disease to guide the need for 
thyroxine therapy on a patient-by-patient basis. 

ADDITIONAL INFORMATION
Screening for Thyroid Dysfunction
TSH is more sensitive and specific than fT4 for 
outpatients if a single screening test is utilised. The 
use of both TSH and fT4 in all patients for screening 
purposes is ideal since errors may be made when 
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only TSH is measured in patients with central 
hypothyroidism or TSH-mediated hyperthyroidism. 
To limit unnecessary laboratory testing to detect 
the few cases of unsuspected pituitary disease the 
following strategy can be employed (see Fig. 1 for 
details):

•	 TSH normal — no further testing performed;

•	 TSH high — add fT4 to determine the degree of 
hypothyroidism;

•	 TSH low — add fT4 and (possibly fT3) to 
determine the degree of hyperthyroidism 

Screening inpatients is not recommended unless 
thyroid disease is strongly suspected since changes 
in thyroid hormones, binding proteins, and TSH 
concentrations occur in severe non-thyroidal illness. 
Here the use of both TSH and fT4 is necessary to 
accurately assess thyroid function in them. 

The case for universal thyroid screening in 
pregnancy remains unclear45 and has not been 
endorsed by the American Thyroid Association34. 

However, case finding has been shown to miss 
a large proportion of subjects with thyroid 
dysfunction and disease46,47. 

Monitoring Thyroxine Therapy 
Patients with primary hypothyroidism on thyroxine 
can be monitored by assessing serum TSH. If 
TSH is high, the dose needs to be increased; if 
it is low, the dose needs to be reduced. Excess 
suppression of serum TSH can increase the risk 
of both atrial fibrillation and bone disease due to 
subclinical hyperthyroidism. When commencing 
thyroxine replacement, fT4 is used to monitor 
therapy as there is a lag in the pituitary TSH  
response in adjusting to a new homeostatic state. 
Moreover, fT4 values should be used to titrate the 
thyroid hormone dose in patients with secondary 
hypothyroidism due to pituitary or hypothalamic 
disease, as TSH release is impaired. 

In thyroid cancer patients on thyroid hormone 
suppression to minimise growth of thyroid cancer 
cells, the target for TSH suppression is <0.1mU/L for 
high risk patients while low-risk patients can afford 
minimal TSH suppression (0.1-0.5 mU/L)48–50. 

Fig. 1: Flow chart of diagnostic tests to evaluate thyroid function.
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Serum TSH is only accurate if steady state  
conditions are present, which takes 4 to 6 weeks 
after starting or adjusting the thyroxine dose. 
Liothyronine (T3) is generally not used for treating 
hypothyroidism. However, in patients on T3, 
assessment of therapy then requires measurement 
of serum T3 and TSH, since the fT4 will remain low.

Monitoring Treatment of Hyperthyroidism 
During the early treatment of hyperthyroidism, 
TSH may remain subnormal for several weeks and 
rarely for several months. One must therefore rely 
upon serum fT4 when assessing the efficacy of 
anti-thyroid drugs, radioiodine, or surgery. Once 
steady-state conditions are achieved TSH can be 
used to assess the efficacy of therapy. The risk of 
hepatotoxicity in patients on propylthiouracil 
has been highlighted by the US Food and Drug 
Administration. Thus such patients may require 
assessment of liver enzymes during treatment51. 

CONCLUSION
Interpreting TFTs is generally straightforward. 
However, TSH and fT4 results may be at variance 
with the clinical picture or form an unusual 
pattern52. In most of these cases the anomalous 
TFTs are clear from a clinical reassessment of 
the patient. Rarely, aberrant TFTs are due to 
assay interferences or genetic defects in the  
hypothalamic–pituitary–thyroid axis.

References
	 1.	 Scobbo RR, von Donlen TW, Hassan M, Islam S. Serum 

TSH variability in normal individuals: the influence 
of time of sample collection. W V Med J. 2004;100(4): 
138–42

	 2.	 Brabant G, Prank K, Ranft U, Schuermeyer Th, Wagner TOF, 
Hauser H, et al. Physiological regulation of circadian and 
pulsatile TSH secretion in normal man and woman. J Clin 
Endocrinol Metab. 1990;70(2):403–7.

	 3.	 Sadasivan B. Opening Ceremony of the 12th Congress 
of the ASEAN Federation of Endocrine Societies (AFES) 
[Internet]. Singapore: Ministry of Health. [Updated 2003 
Nov 30; cited 2011 June 13]. Available from: http://www.
moh.gov.sg/mohcorp/speeches.aspx?id=1770. 

	 4.	 Sng S. Watch that neck [Internet]. The Straits Times 
(Singapore edition). (Updated 2002 June 10; cited 2011 
June 13]. Available fromt: http://web.singnet.com.
sg/~irenetan/watchthatneck.pdf.

	 5.	 Hoermann R, Eckl W, Hoermann C, Larisch R. Complex 
relationship between free thyroxine and TSH in 
the regulation of thyroid function. Eur J Endocrinol 
2010;162:1123–9.

	 6.	 Aw TC. Wann KS, Yuen CS. Re-assessment of the pituitary 
thyrotropin (TSH) — free thyroxine (fT4) relationships. 
Poster session presented at: 44th national meeting of 
American Association for Clinical Chemistry, Inc. 1992 
July 19–23; Chicago, IL. 

	 7.	 Van Deventer HE, Mendu DR, Remaley AT, Soldin SJ.  
Inverse log-linear relationship between thyroid-
stimulating hormone and free thyroxine measured 
by direct analog immunoassay and tandem mass 
spectrometry. Clin Chem. 2011;57(1):122–7. 

	 8.	 Barbesino G. Drugs affecting thyroid function. Thyroid. 
2010;20(7):763–70.

	 9.	 Beckett GJ, Toft,AD. First-line thyroid function tests — TSH 
alone is not enough. Clin Endocrinol. 2003;58(1):20–1.

	 10.	 Jones DD, May KE, Geraci SA. Subclinical thyroid disease. 
Am J Med. 2010;123(6): 502–4.

	 11.	 Wartofsky L. Management of subclinical hyperthyroidism. 
J Clin Endocrinol Metab. 2011;96(1):59–61.

	 12.	 Cooper DS. Approach to the patient with subclinical 
hyperthyroidism. J Clin Endocrinol Metab. 2007;92(1):3–9.

	 13.	 Kaminski G, Michalkiewicz D, Makowski K, Podgajny Z, 
Szalus N, Ruchala M, et al. Prospective echocardiographic 
evaluation of patients with endogenous subclinical 
hyperthyroidism and after restoring euthyroidism. Clin 
Endocrinol (Oxf ). 2011;74(4):501–7.

	 14.	 Schouten BJ, Brownlie BEW, Frampton CM, Turner JG. 
Subclinical thyrotoxicosis in an outpatient population 
— predictors of outcome. Clin Endocrinol (Oxf ). 
2011;74(2):257–61.

	 15.	 Díez JJ, Iglesias P. An analysis of the natural course 
of subclinical hyperthyroidism. Am J Med Sci. 
2009;337(4):225–32.

	 16.	 Mitchell AL, Pearce SHS. How should we treat patients 
with low serum thyrotropin concentrations?. Clin 
Endocrinol (Oxf ). 2010;72(3):292–6.

	 17.	 Vadiveloo T, Donnan PT, Cochrane L, Leese GP. The 
thyroid epidemiology, audit, and research study 
(TEARS): the natural history of endogenous subclinical 
hyperthyroidism. J Clin Endocrinol Metab. 2011; 
96(1):E1–8.

	 18.	 Mallipedhi A, Vali H, Okosieme O. Myxedema coma 
in a patient with subclinical hypothyroidism. Thyroid. 
2011;21(1):87–9.

	 19.	 Razvi S, Weaver JU, Vanderpump MP, Pearce SHS. The 
incidence of ischemic heart disease and mortality in 
people with subclinical hypothyroidism: reanalysis of the 
Whickham Survey cohort. J Clin Endocrinol Metab. 2010; 
95(4):1734–40. 

	 20.	 Rosario PW. Levothyroxine in subclinical hypothyroidism: 
a lifelong therapy?. Clin Endocrinol (Oxf ). 2010; 
72(5):718–20.

	 21.	 Walsh JP, Bremner AP, Feddema P, Leedman PJ, Brown 
SJ, O’Leary P. Thyrotropin and thyroid antibodies as 
predictors of hypothyroidism: a 13-year, longitudinal 
study of a community-based cohort using current 
immunoassay techniques. J Clin Endocrinol Metab. 
2010;95(3):1095–104.

	 22.	 Negro R, Schwartz A, Gismondi R, Tinelli A, Mangieri 
T, Stagnaro-Green A. Increased pregnancy loss rate 
in thyroid antibody negative women with TSH levels 
between 2.5 and 5.0 in the first trimester of pregnancy. J 
Clin Endocrinol Metab. 2010;95(9):E44–8.

	 23.	 Negro R, Schwartz A, Gismondi R, Tinelli A, Mangieri T, 
Stagnaro-Green A. Thyroid antibody positivity in the 
first trimester of pregnancy is associated with negative 
pregnancy outcomes. J Clin Endocrinol Metab. 2011; 
96(6):E920–4.

	 24.	 Haddow JE, Palomaki GE, Allen WC, Williams JR, 
Knight GJ, Gagnon J, et al. Maternal thyroid deficiency 
during pregnancy and subsequent neuropsychiatric 
development of the child. N Engl J Med. 1999; 
341(8):549–55. 

	 25.	 Dufour DR. Laboratory tests of thyroid function: uses and 
limitations. Endocrinol Metab Clin N Am. 2007;36(3):579–94.



137

Thyroid Function Test

Proceedings of Singapore Healthcare  Volume 20  Number 2  2011

	 26.	 Wu Alan HB. Quality specifications in thyroid diseases. 
Clin Chim Acta. 2004;346(1):73–7.

	 27.	 Aw TC, Wong PW, Phua SK, Tan SP. Separating sick 
euthyroid subjects from hyperthyroid TSH values with a 
Gen-3 plus TSH assay. Poster session presented at: AACC 
Annual Meeting. 2008 July 27–31. Washington DC.

	 28.	 Spencer CA, Hollowell JG, Kazarosyan M, Braverman LE. 
National Health and Nutrition Examination Survey III. 
Thyroid-stimulating hormone (TSH) — thyroid peroxidase 
antibody relationship demonstrate that TSH reference 
limits may be skewed by occult thyroid dysfunction. J Clin 
Endocrinol Metab. 2007;92(11):4236–40.

	 29.	 Surks MI, Hollowell JG. Age-specific distribution of 
serum thyrotropin and anti-thyroid antibodies in the 
U.S. population: implications for the prevalence of 
subclinical hypothyroidism. J Clin Endocrinol Metab. 
2007;92(12):4575–82.

	 30.	 Hamilton TE, Davis S, Onstad L, Kopecky KJ. Thyrotropin 
levels in a population with no clinical autoantibody, or 
ultrasonographic evidence of thyroid disease: implications 
for the diagnosis of subclinical hypothyroidism. J Clin 
Endocrinol Metab. 2008;93(4):1224–30.

	 31.	 Lauerberg P, Andersen S, Clarle A, Karmisholt J, Knudsen 
N, Pedersen IB. The TSH upper reference limit: where are 
we at?. Nat Rev Endocrinol. 2011;7:232–9.

	 32.	 Baloch Z, Carayon P, Conte-Devolx B, Demers LM, Feldt-
Rasmussen U, Henry JF, et al. Laboratory medicine practice 
guidelines: laboratory support for the diagnosis and 
monitoring of thyroid disease. Thyroid. 2003;13(1):3–126.

	 33.	 Glinoer D, Spencer CA. Serum TSH determinations in 
pregnancy: how, when and why. Nat Rev Endocrinol. 
2010;61:526–9.

	 34.	 Stagnaro-Green A, Abalovich M, Alexander E, Azizi F, 
Mestman J, Negro R, et al. Guidelines of the American 
Thyroid association for the diagnosis and management 
of thyroid disease during pregnancy and postpartum. 
Thyroid. 2011 Jul 25. [Epub ahead of print].

	 35.	 Aw TC, Wann KS. The use of an automated non-isotopic 
free thyroxine (fT4) assay. Poster session presented 
at: 44th national meeting of American Association for 
Clinical Chemistry, Inc. 1992 July 19–23; Chicago, IL.

	 36.	 Aw TC, Wann KS, Koay ESC. The use of an automated 
non-isotopic free tri-iodothyronine (fT3) assay. Poster 
session presented at: 44th national meeting of American 
Association for Clinical Chemistry, Inc. 1993 July 1–15; 
New York, NY.

	 37.	 Jonklaas J, Kahric-Janicic N, Soldin, OP, Soldin SJ. 
Correlations of free thyroid hormones measured 
by tandem mass spectrometry and immunoassay 
with thyroid-stimulating hormone across 4 patient 
populations. Clin Chem. 2009; 55(7):1380–8.

	 38.	 Saw S, Sethi SK, Aw TC. Technical evaluation of thyroid 
assays on the Vitros ECi. Clin Chem 1999;45(4):578–80.

	 39.	 Aw TC, Saw S, Sethi SK. Detection of thyroid auto-
antibodies by two different assays. Clin Chem. 1998; 
44(6):suppl A151.

	 40.	 Aw TC, Saw S, Sethi SK. The use of an automated anti-
thyroid peroxidase (anti-TPO) assay for the evaluation of 
thyroid diseases. Clin Chem 1998; 44(6):suppl A155.

	 41.	 Aw TC, Wong PW, Phua SK, Tan SP. Performance of a new 
electro-chemiluminescent TSH receptor antibody assay. 
Poster session presented at: AACC Annual Meeting. 2008 
July 27–31. Washington DC.

	 42.	 Cox AE, LeBeau SO. Diagnosis and treatment of 
differentiated thyroid carcinoma. Radiol Clin N Am. 
2011;49(3):453–62.

	 43.	 Spencer C, Petrovic I, Fatemi S. Current thyroglobulin 
antibody (TgAb) assays often fail to detect interfering 
TgAb that can result in the reporting of falsely low/
undetectable serum Tg IMA values for patients with 
differentiated thyroid cancer. J Clin Endocrinol Metab. 
2011;96(5):1283–91.

	 44.	 Haugen BR, Duncan MW. Applications of proteomics 
to thyroid neoplasms: are we there yet?. Thyroid. 
2010;20(10):1051–2.

	 45.	 Negro R, Schwartz A, Gismondi R, Tinelli A, Mangieri 
T, Stagnaro-Green A. Universal screening versus case 
finding for detection and treatment of thyroid hormonal 
dysfunction during pregnancy. J Clin Endocrinol Metab. 
2010;95(4):1699–707.

	 46.	 Horacek J, Spitalnikova S, Dlabalova B, Malirova E, Vizda J, 
Svilias I, et al. Universal screening detects two times more 
thyroid disorders in pregnancy than targeted high-risk 
case finding. Eur J Endocrinol. 2010;163(4):645–50.

	 47.	 Wang W, Teng W, Shan Z, Wang S, Li S, Zhu L, et al. The 
prevalence of thyroid disorders in China: the benefits of 
universal screening in the first trimester of pregnancy. 
Eur J Endocrinol. 2011;164(2):263–8.

	 48.	 Biondi B, Filetti S, Schlumberger M. Thyroid hormone 
therapy and thyroid cancer: a reassessment. NatClin Pract 
Endocrinol Metab. 2005;1(1):32–42.

	 49.	 Pacini F, Schlumberger M, Dralle H, Elisei R, Smit JW, 
Wiersinga W. European consensus for the management 
of patients with differentiated thyroid carcinoma of the 
follicular epithelium. Eur J Endocrinol. 2006;154(6):787–803.

	 50.	 Cooper DS, Doherty GM, Haugen BR, Kloos RT, Lee SL, 
Mandel SJ, et al. Revised American Thyroid Association 
management guidelines for patients with thyroid 
nodules and differentiated thyroid cancer. Thyroid. 
2009;19(11):1167–214.

	 51.	 Bahn RS, Burch HS, Cooper DS, Garbei JR, Greenlee 
CM, Klein IL, et al. The role of propylthiouracil in the 
management of Graves’ disease in adults: report of a 
meeting jointly sponsored by the American Thyroid 
Association and the Food and Drug Administration. 
Thyroid. 2009;19(7):673–4. 

	 52.	 Gurnell M, Halsall, Chatterjee VK. What should be done 
when thyroid function tests do not make sense? Clin 
Endocrinol. 2011;74(6): 673–8.


