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As assay for thyroxine binding globulin (TBG) that measures the thyroxine binding capacity of
TBG and other proteins was used to calculate a free thyroxine index (FTI) in 108 consecutive
thyroid patients, 2,559 normal patients, and 152 sick euthyroid patients. The TBG assay
compared favorably with the triiodothyronine (T3) uptake test in producing a FTI for the
clinical evaluation of thyroid patients. In addition, it did not suffer the disadvantages inherent
in assays specific for only TBG. In the sick euthyroid population, the TBG assay produced an
FTI that was more consistent with the clinical evaluation than did the T3 uptake test.
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.here are several disadvantages in using a triiodothy
ronine (T3) uptake test to calculate a free thyroxine
index (FTI-T3U). These include the use of T3 instead

of thyroxine (T4) to measure the saturated binding
capacity of T4-binding proteins, the absence of a de
fined standard curve for a more quantitative measure
ment, and the loss of sensitivity when very high or low
amounts of T4-binding proteins are present.

These difficulties can be largely overcome by using a
thyroxine binding globulin (TBG) assay to calculate the
free thyroxine index (FTI-TBG). In addition, the TBG

assay has been reported to be more useful than the T3U
test in diagnosing the sick euthyroid hospital patient
(J). However, we previously demonstrated that prob
lems may occur if a radioimmunoassay specific for TBG
is used (2). Falsely elevated FTI-TBG values are ob

tained in clinically euthyroid patients who have signif
icant amounts of T4-binding proteins other than TBG.
In these cases, a less specific TBG assay would be more
advantageous in calculating a meaningful FTI-TBG,

since TBG as well as other T4 binding proteins would
be detected.
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Consequently, we examined an assay for TBG* which

measures the T4-binding capacity of proteins including

TBG in a relatively large group of thyroid patients, both
inpatient and outpatient. In addition, we examined the
usefulness of this test in a subgroup of sick euthyroid
patients.

MATERIALS AND METHODS

TBG Assay
The manufacturer states that the SPINSEP TBG is a mod

ified protein binding analysis which measures the effect of T4-
binding proteins in serum. A large excess of T4 in the reagent
saturates the binding sites of any available T4-binding proteins
with labeled T4. Resin tablets which bind any remaining free
(nonprotein bound) T4 are subsequently added. Thus the
protein bound T4 remains in solution. The standard curve is
a plot of TBG concentration (in fzg/dl T4 binding capacity)
versus the radioactivity of the centrifuged resin pellet which
contains the free (labeled and unlabeled) T4.

FTI Calculation
The FTI-T3U is calculated from a total T4 assay and a T3

uptake determination (T4 x T3U), while the FTI-TBG uses a
TBG assay instead of the T3 uptake (T4/TBG x 10). The
calculated ratio (T4/TBG) is arbitrarily multiplied by 10 in
order to obtain a whole number for the index. The TBG and
T3 uptake tests used throughout this study were made by the
same manufacturer.*
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Population One
One hundred and eight consecutive thyroid outpatients

were seen by one of us (SSS) and had or were suspected of
having thyroid disease. Of these patients, 81 were determined
to be clinically euthyroid, 16 were hypothyroid and 11 hyper-
thyroid. The average age (mean Â±s.d.) was 44.5 Â±15.8 yr.

Population Two
These patients were 4,675 consecutive patients on whom

thyroid studies were performed (St. John Hospital). Subgroup
A consisted of 2,559 patients with normal T4, TBG, T3 and
TSH levels (mean age 49 Â±21 yr). Of this normal group, 397
(15.5%) were inpatients. Subgroup B consisted of 152 sick
euthyroid patients who had a normal serum TSH and de
pressed T3 and TBG levels (3-7). The mean age was 66.6 Â±
20.5 yr. There were 139 (91.4%) inpatients.

RESULTS AND DISCUSSION

The FTI-TBG showed good correlation with the FTI-
T3U (r = 0.888) in 108consecutive patients (population
one). Both methods correctly identified the clinical
status and agreed with each other in all but five cases
(Table 1). Interestingly, the FTI-T3U was slightly ele
vated in all five patients while the FTI-TBG was nor
mal. Patients 2 and 5 had minimal nonspecific symp
toms sometimes seen in hyperthyroidism which agreed
with the FTI-T3U. Patients 1, 3, and 4 had no symp
toms of hyperthyroidism and agreed better with the
FTI-TBG. Thus no significant difference was observed
between the two methods.

In population one there were 17 patients who met
the criteria necessary for producing falsely elevated FTI-
TBG levels (Table 2). All 17 patients were clinically
euthyroid with a normal FTI-T3U, a T3 uptake less
than average (not necessarily abnormal), and a T4 level
greater than normal. Only one of these 17 patients was
on estrogens. As we previously reported (2), an assay
specific for TBG will produce markedly elevated FTI-
TBG values in these types of patients. This assay for
TBG produced FTI-TBG values which were normal
and which agreed with the FTI-T3U and the clinical

TABLE 1
Population Oneâ€”Patients with Discordant FTI-TBG/FTI-

T3U Values'

TABLE 2
Population Oneâ€”Euthyroid Group with Low T3 Uptake

and High T4 Values'

Patient12345FTI-T3U4.44.44.44.24.2FTI-TBG6.06.45.16.55.9T414.815.615.015.715.0T3U3028292728TBG24.724.329.424.125.4SymptomsNoYesNoNoYes

Patient1-T2-T3-GT4-GT5-GT6-T7-T8-GT9-G10-GT11

-GT12-GT13-T14-T15-T16-T17-GT"

Normal=

goiterFTI-T3U3.43.83.03.53.53.43.93.72.63.33.33.23.73.63.13.53.1ranges
areFTI-TBG6.65.35.85.35.46.56.75.94.04.85.04.96.65.75.26.05.7T411.714.512.512.612.112.513.512.911.612.115.512.612.816.512.113.312.4listedunder Table 1. TT3U2926242829272929222721252922262625=onTBG17.627.421.423.722.419.120.222.029.125.231.225.919.528.923.222.321.6thyroxine;G

evaluation in all 17 cases. Such results would not be
expected with an assay specific for TBG.

In population two the FTI-TBG and FTI-T3U levels
of 2,559 clinically euthyroid patients and 152 sick eu
thyroid patients were compared (Table 3). Of the 152
sick euthyroid patients, 123 (81%) had a normal FTI-
TBG, while 15 (10%) had an elevated and 14 (9%) had
a low FTI-TBG. In contrast only 79 (52%) patients of
the sick euthyroid patients had a normal FTI-T3U,
while 72 (47%) patients had a low and one patient ( 1%)
had an elevated FTI-T3U.

The average T4 of the sick euthyroid group (5.3 Â±
1.5 /Â¿g/dl)was much lower than the average T4 of the
clinically euthyroid patients (8.7 Â±1.7). The data in
Table 4 indicate that still lower T4 values (1.8 Â±0.7)
will produce either a low FTI-T3U or FTI-TBG that is

TABLE 3
Population Twoâ€”Comparison of FTI-TBG and FTI-T3U

in Normal Euthyroid and Sick Euthyroid Patients

FTI-TBG
FTI-T3U

T4
T3
T3U
TBGNormal

patients
Subgroup A
(n =2,559)3.8

(0.7')

2.4 (0.5)
8.7(1.7)

125(24)
28.0 (2.0)
22.9 (2.3)Sick

euthyroid
Subgroup B

(n =152)3.9

(0.9)
1.8(0.5)
5.3 (1 .5)

28.0(12)
34.3 (3.9)
13.2(2.6)Normal

range'2.5-5.7

1.7-3.8
5.0-1 2.5 Mg/dl
80-200 ng/dl

26.0-34.0%
17.0-27.0 Mg/dl

' Normal ranges: FTI-T3U: 1.4-4.0; FTI-TBG: 2.6-6.8; T4: 5.5-

11.5 /Â¿g/dl;T3U: 25-35%; TBG: 17-27 /jg/dl. Symptoms include

sleeplessness, nervousness, tremor and palpitation. All five pa
tients were on thyroxine.

' Normal ranges differ from those Â¡nTables 1 and 2, since the

assays represented in Table 3 were done in a different laboratory.
Only the TBG and T3U tests were common to both laboratories.

* Standard deviation.
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TABLE 4
Population Two (Subgroup B)â€”Comparisonof

Discordant FTI-TBG Populations in Sick Euthyroid
Patients'

FTI-TBG
FTI-T3U

T4
T3
T3 Uptake
TBGLow

FTI-TBG
(n =14)1

.6 (0.5*)

0.7 (0.3)
1.8 (0.7)

21(6)
41 .5 (6.3)
11.0(2.1)Elevated

FTI-TBG
(n =15)6.4

(0.7)
2.8 (0.6)
8.5 (1 .7)

42(11)
32.7 (2.5)
13.2(2.7)Normal

FTI-TBG
(n =123)3.9

(0.9)
1.8(0.5)
5.3(1.5)

27(13)
33.7 (3.7)
13.5(2.6)Total

sick
euthyroid
(n=152)3.9

(0.9)
1.8(0.5)
5.3(1.5)

28(12)
34.3 (3.9)
13.2(2.6)

' Normal ranges listed in Table 3.

f Standard deviation.

inconsistent with the "normal" thyroid diagnosis of the

sick euthyroid. There is an interesting subpopulation of
15 sick euthyroid patients with an elevated FTI-TBG
(Table 4). The T4 as well as the FTI-T3U were normal.
At present we cannot offer an adequate explanation of
why the FTI-T3U appears to correctly classify this small
subpopulation. Overall, however, the FTI-TBG more
consistently classified the sick euthyroid patients as
euthyroid. The mean FTI-TBG of 3.9 agreed very well
with the mean of 3.8 for the 2,559 clinically euthyroid
patients (normal range 2.5-5.7), while the mean FTI-
T3U of 1.8 was significantly lower than the normal
group mean of 2.4 (p < 0.001).

The T3 uptake values, like those in the assay for
TBG, reflect the presence of proteins other than TBG.
However, in unusual situations such as the sick euthy
roid, the use of labeled T4 instead of T3 is an apparent
advantage ( 7). The fact that 81% of the sick euthyroid
patients had normal FTI-TBG levels as opposed to only
52% for the FTI-T3LJ indicates a much better patients
classification capability for the TBG assay (p < 0.001 ).
The TBG assay's superiority over the T3U is further

demonstrated by the mean FTI in the sick euthyroid
group (Subgroup B). The average sick euthyroid FTI-
TBG was virtually identical to that of the normal pop
ulation, while the average sick euthyroid FTI-T3U was
significantly lower than in the normal group.

In conclusion, this TBG assay compares favorably
with the T3 uptake in producing a FTI for the clinical
evaluation of thyroid patients while suffering none of
the disadvantages of a more specific TBG assay. In a
sick euthyroid population, this TBG assay produced an
FTI that was more consistent with the clinical evalua
tion than did the T3 uptake.

NOTE
*Nuclear Diagnostics, Troy, MI.

REFERENCES

1. Ahmed J, Smethurst P. Radioimmunoassay of thyrox-
ine-binding globulin: evaluation of a kit and diagnostic
application. Ann Clin Biochem 1980; 17:241-246.

2. Szpunar WE, StofTer SS, Bednarz MN. Clinical eval
uation of a thyroxine-binding globulin assay in calcu
lating a free-thyroxine index. J NucÃMed 1981;
22:793-795.

3. Helenius T, Liewendahl K. Abnormal thyroid func
tion tests in severe non-thyroidal illness: diagnostic
and pathophysiologic aspects. ScandJClin Lab invest
1979; 39:389-397.

4. McDowell DR. An evaluation of serum thyroxine
binding globulin as a routine test of thyroid function.
Ann Clin Biochem 1979; 16:81-85.

5. Bayer MF, McDougall IR. Radioimmunoassay of free
thyroxine in serum: comparison with clinical findings
and results of conventional thyroid-function tests. Clin
Chem 1980; 26:1186-1192.

6. DeGroot LJ, Larsen PR. RefetoffS, et al. The thyroid
and its disease. New York: John Wiley and Sons, Inc.,
1984:197.

7. Ingbar SH. Williams textbook of endocrinology. In:
Wilson JD, Foster DW, eds. Philadelphia: W. B. Saun-
ders, 1985: 726.

Volume 28 â€¢Number 8 â€¢August 1987 1343


