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Abstract  

Objective: To compare the accuracy and reliability of 

Free T4 or TSH determination as the single initial 

screening test in assessment of thyroid function. 

Methods: Retrospective review of 3,022 thyroid 

function tests (free T4 and TSH) performed during a 12 

month period in a laboratory at a major academic 

medical center was conducted. A probable diagnostic 

category for each test was determined by a retrospective 

detailed review of medical records of subjects with 

discrepant serum free T4 and TSH concentrations. 

Results: In 284 tests (9.4%) the appropriate diagnosis 

could not be arrived at if serum TSH concentration 

alone was used for interpretation of thyroid function. 

Alternatively, serum free T4 concentration alone was 

unable to provide accurate diagnosis in 132 (4.4%) 

subjects. Multivariate analysis determined that free T4 

is more reliable than TSH as an initial test for the 

diagnosis of thyroid function as expressed by odds ratio 

(OR) 2.14 with confidence interval (CI) 1.96 - 2.34, p< 

0.01. The sensitivity and specificity for diagnosis of 

thyroid disorder were superior for Serum free T4 

concentration (91% and 94%) respectively when 

compared with serum TSH level (84% and 86%).  

However, the sensitivity and specificity for both 

laboratory tests assessed in conjunction improved 

further ( 98% for both) in comparison to either of the 

tests evaluated individually in  diagnosis of thyroid 

disorder. 
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Conclusions: Free T4 may be more accurate and 

reliable than TSH  as a single initial screening  

laboratory test in assessment of thyroid function. 

However, both performed simultaneously increases the 

reliability and accuracy in determination of thyroid 

functional state. 
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1. Introduction  

The function of the thyroid gland involves synthesis, 

storage and release of thyroid hormones, thyroxine and 

triiodothyronine akin to any other endocrine gland. 

Historically, serum total T4 measurement was 

performed. Total T4 is a combination of physiologically 

appropriate free T4 and inactive T4 bound to proteins 

and therefore is not likely to be reliable test in 

assessment of thyroid function.  

 

Probably therefore, serum TSH concentration was and 

continue to be recommended as an initial screening 

laboratory test to assess a functional thyroid disorder in 

the population by major organizations including 

American Association of Clinical Endocrinologists, 

American College of Endocrinology, American Thyroid 

Association, Endocrine Society, American association 

of Family Practice, American College of physicians, 

College of American Pathologists [1-7].  

 

However, comparative data regarding utility of Free T4 

and TSH as a single initial test in determination of 

thyroid function in the literature is sparse. Therefore, we 

compared accuracy and reliability of serum free T4 or 

TSH concentration as an initial screening laboratory test 

in interpretation of thyroid function in a large 

population of subjects at an academic medical center. 

We also examined the accuracy and precision of both 

tests assessed in conjunction simultaneously in 

determination of thyroid function. 

2. Methods 

The study was approved by institutional review board at 

the medical center. Retrospective review of 3,022 

thyroid function tests (serum free T4 and TSH 

concentrations) performed in adults during a 12 month 

period in a laboratory at a major academic medical 

center was conducted. We determined a probable 

diagnostic category of thyroid function by concurrent 

examination of both serum free T4 and TSH 

concentrations according to guidelines of American 

Association of Clinical Endocrinologists, American 

College of Endocrinology and American Thyroid 

Association as well as extensive literature review [8-

19].  Detailed examination of medical records of 

subjects with abnormal serum free T4 and/ or TSH 

levels was conducted to establish diagnoses of the most 

likely thyroid functional disorder in these subjects.  

 

Serum Free T4 and TSH concentrations were 

determined by a commercial kit* based on Micro 

particle Enzyme Immunoassay (MEIA) technology 

(IMX free T4 assay, IMX ultrasensitive human TSH 

assay, Abbott Diagnostics, Inc., Abbott Park, Illinois). 

The comparison between free T4 and TSH for precise 

diagnosis were conducted by determining Odds Ratios 

(OR) with multivariate analysis. Sensitivity and 

specificity indices for accurate and precise diagnosis of 

thyroid function were also determined for either serum 

free T4 or TSH concentration individually or both tests 

in conjunction. 

 

3. Results 

Normal range of values established previously in the 

laboratory for serum Free T4 and TSH levels were 0.71-

1.85 ng/dl and 0.5-5 ulu/ml respectively. 

Simultaneously, lowest levels determined by the assays 

were for serum Free T4 and TSH levels were 0.40 ng/dl 

and 0.003 uU / ml respectively. Both serum Free T4 and 

TSH concentrations were within normal ranges 
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established previously by the laboratory in 2412  blood 

samples indicating thyroid state, Serum free T4 was 

subnormal and TSH was > 20 uU/ ml in 67 blood 

samples indicating definitive presence of primary 

hypothyroidism. 52 blood samples with supernormal 

Free T4 and suppressed TSH concentration (< 

0.01mU/ml) established the diagnosis of primary 

hyperthyroidism.  

 

Thus, the appropriate diagnosis of thyroid function 

could be arrived at with utilizing either serum free T4 or 

TSH concentration and confirmed by application of 

both tests in 2531 blood samples. However, in 491 

blood samples, either serum Free T4 and/ or TSH 

concentration were abnormal though not consistent with 

definitive diagnoses of a euthyroid state, primary 

hypothyroidism or primary hyperthyroidism (Figure 1). 

These abnormal tests included the following groups: 1) 

normal free T4 and subnormal TSH (Table1), 2) normal 

free T4 and elevated TSH (Table 2), 3) low free T4 and 

normal TSH (Table 3), 4) High Free T4 and normal 

TSH (Table 4), 5) low freeT4 and low TSH (Table 5), 

6) high free T4 and high TSH (Table 6). 

 

 

 

Figure 1 

 

Category Number of tests 

Hyperthyroidism 3 

Euthyroid on Synthroid replacement or Suppression 120 

Euthyroid on prednisone 48 

Euthyroid on antidepressant medications (Fluoxetine, sertraline, 

tricyclic antidepressants, i.e., desipramine hydrochloride) 

17 

Euthyroid with non-thyroidal illness* 22 

Graves’ or MNTG following antithyroid Rx 6 

Euthyroid with etiology undetermined 3 

*Hospitalized subjects 

 

Table 1: Specific diagnostic categories for 219 tests, showing normal free T4 and low TSH concentrations. 
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Category Number of subjects 

Subclinical hypothyroidism 89 

Recovery of subacute thyroiditis 5 

Recovery of non-thyroidal illness 16 

Euthyroid on metoclopramide 3 

Reset thyrostat* 32 

*Hospitalized subjects 

 

Table 2: Specific diagnostic categories for 145 tests, showing normal free T4 and high TSH. 

 

Category Number of tests 

Central Hyperthyroidism 11 

Non-Thyroidal illness* 20 

Euthyroid on Dilantin 3 

Euthyroid on salsalate 12 

Graves’ or MNTG following antithyroid Rx 4 

Euthryoid with etiology undetermined 1 

*Hospitalized subjects 

 

Table 3: Specific diagnostic categories for 51 tests, showing low free T4 and normal TSH. 

 

Category Number of Tests 

Hyperthyroidism 4 

Euthyroid on heparin 3 

Non-thyroidal illness* 5 

Graves’ or MNTG following antithyroid Rx  2 

*Hospitalized subjects 

 

Table 4: Specific diagnostic categories for 14 tests, showing high free T4 and normal TSH. 

 

Category Number of Tests 

Central hypothyroidism 1 

Non-thyroidal illness* 2 

Graves’ or MNTG following antithyroid Rx 2 

*Hospitalized Subjects 

 

Table 5: Specific diagnostic categories for 5 tests, showing low free T4 and low TSH. 
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Category Number of Tests 

Central Hyperthyroidism 1 

Hypothyroid on amiodarone* 1 

*due to lack of conversion of T4 to active T3 

 

Table 6: Specific diagnostic categories for 2 tests, showing high free T4 and high TSH. 

 

In subjects with these incongruous or indeterminate 

abnormal results, the diagnoses of thyroid disorder was 

established on extensive review of medical records 

based on guidelines recommended by various 

organizations as well as review of the literature [6-18]. 

With these abnormal results, Serum TSH concentration 

alone failed to document appropriate diagnosis of the 

thyroid disorder in 284 (9.4%) subjects. Alternatively, 

the measurement of serum free T4 concentration alone 

was unable to provide accurate diagnosis in 132 (4.4%) 

subjects. Multivariate analysis for appropriate diagnosis 

of thyroid function in these subjects documented Odds 

Ratio (OR) 2.14 with confidence Interval (CI) 1.94- 

2.28 in favor of Free T4 concentration compared to TSH 

level.  Finally, the accurate diagnosis was documented 

in 419 out of 436 (97%) subjects if both tests were 

utilized simultaneously for assessment of thyroid 

function. Thus, sensitivity indices for serum TSH or 

Free T4 individually and if used in conjunction for 

establishing accurate diagnoses of thyroid disorder were 

84%, 91% and 98 % respectively. Specifically indices 

were 86% for serum TSH, 94 % for serum Free T4 and 

98% using both tests together in arriving at the accurate 

diagnosis of the thyroid disorders. 

 

4. Discussion 

Serum TSH concentration is presently recommended as 

a screening laboratory test for diagnosis of thyroid 

dysfunction by several reputed organizations [1-7]. 

Determination of serum Free T 4 level is recommended 

to be determined only in presence of abnormal serum 

TSH concentration. This study demonstrates that 

diagnosis of thyroid dysfunction is likely to be 

inaccurate in majority of subjects if based on subnormal 

serum TSH concentration alone. The most frequently 

considered diagnosis of ‘sub clinical’ hyperthyroidism 

is likely to be erroneous in many subjects [10, 11, 13, 

15, 17-23]. The states with low TSH include central 

hypothalamic or hypopituitary hypothyroidism, 

euthyroid sick state, euthyroid Graves' disease, 

multinodular nontoxic goiter with autonomous nodules 

prior to as well as following antithyroid drug therapy, 

euthyroidism on levothyroxine replacement or 

suppressive therapy, euthyroidism with a single 

autonomous or hot nodule as well as drug induced 

decline of serum TSH level. Similarly, minor elevation 

(<10 uU/ ml) of serum TSH level is not always an 

expression of subclinical primary hypothyroidism [8-10, 

17-23]. Moreover, minor elevation of TSH with normal 

Free T4 Levels in elderly may not be ‘true’ subclinical 

hypothyroidism since therapy with levothyroxine is 

likely to result in shortening survival [24-26]. Thus, it is 

apparent that Free T4 level is more accurate than TSH 

in determination of effective thyroid gland function in 

the elderly. Alternatively, normal serum TSH level may 

not indicate normal thyroid function especially in 

subjects with abnormal free T4 concentration [17-23].  

 

Finally, management of thyroid dysfunction based on 

determination of serum TSH level alone is likely to pose 

challenges. Daily dose of levothyroxine is often 

increased repeatedly based on persistently unchanged 

elevated serum TSH level. Documentation of lack of 

appropriate rise in serum free T4 level unravels lack of 
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compliance, inappropriate administration or rarely, a 

lack of absorption of levothyroxine. Moreover, daily 

levothyroxine dose is unfortunately frequently reduced 

because of low TSH in subjects with central 

hypothyroidism due to presumptuous presence of 

primary hypothyroidism on the part of the providers 

[26]. Similarly, in subjects with hyperthyroidism 

determination of serum TSH level alone without 

concurrent assessment of serum free T4 concentration is 

unlikely to provide efficacy of therapy with antithyroid 

drugs or post radioiodine therapy as serum TSH is better 

correlated with circulating thyroid stimulating 

immunoglobulin when compared with either Free T4 or 

Free T3, [13, 17, 27]. Finally, this study also 

demonstrated that serum TSH concentration was less 

sensitive or specific in comparison to serum free T4 

level as single diagnostic laboratory test in assessment 

of thyroid function. The superiority of Free T4 may be 

attributed to it being a true expression of thyroid gland 

function. In contrast, serum TSH level denotes the 

physiologic effect of thyroid hormones primarily T3 on 

secretion of TSH by the pituitary thyrotrophs as well as 

release of thyrotropin releasing hormone (TRH) by the 

hypothalamus. Thus, serum TSH level is an index of 

function of pituitary thyrotrophs. Therefore, 

simultaneous determination of both free T4, an 

expression of thyroid gland function and TSH level, an 

expression of thyroid hormone function provide the 

most accurate diagnosis in almost all subjects. 

 

Therefore, in conclusion, determination serum TSH 

concentration alone may be inaccurate and unreliable as 

a single laboratory test in assessment of thyroid function 

and therefore may not be utilized as a screening test 

irrespective of the assay methodology since serum TSH 

concentrations determined by 3rd generation 

supersensitive assay or 2nd generation assay were not 

significantly different [29].  Serum Free T4 level instead 

appears to be a more reliable and precise in diagnosis of 

thyroid disorder. However, we believe that, both serum 

free T4 and TSH concentrations must be performed 

simultaneously for most accurate determination of 

thyroid functional state. Occasionally, determination of 

serum Free T3 and Reverse T3 concentrations may be 

required for establishing accurate diagnosis of 

hypothalamic or hypo pituitary hypothyroidism [28, 30].  
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