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The purpose of this study is to analyze the
distribution of T I values for euthyroid subjects
and to establish the euthyroid T, range that
results in fewest errors of classification. A single
series of 1,578 T,I by CPB values, determined
by one technician using a commercial kit in a
consistent manner, is assigned to eight cate-
gories. The distribution of 1,355 euthyroid T I
values is unequivocally skewed and not Gaussian.
Hence the mean +2 s.d. limits do not define
the 959%, euthyroid range. Comparison of our
euthyroid distribution with the large euthyroid
T, by CPB series reported some years ago by
another laboratory indicates that both distribu-
tions are equivalent. For the combined common
non-Gaussian population the euthyroid range
giving maximum discrimination between hypo-
thyroid, euthyroid, and hyperthyroid subjects is
3.0-9.2 g% T.I (corrected for alcohol extrac-
tion efficiency). General T, limits of mean —2
s.d. to mean 2.7 s.d. are proposed for use by
any laboratory to define a euthyroid T, range.
By using the correct euthyroid range, the T, by
CPB test gives 979, accuracy in diagnosing
hypothyroid, euthyroid, and hyperthyroid sub-
jects with no additional subject information,
and 999, with knowledge of pregnancy, nephro-
sis, and administration of Dilantin, estrogens,
and androgens.

The determination of total serum thyroxine by
competitive protein binding analysis (T, by CPB)
was first reported in 1964 (1) and a clinical evalua-
tion using a large number of patients was first pub-
lished in 1966 (2). When a commercial T, kit,
Tetrasorb-125, using the CPB method was intro-
duced in 1968 (3), the nuclear medicine labora-
tory at the University of Florida College of Medicine
began to use it for serum thyroxine determinations,
and in 1970 it replaced the PBI test as a routine
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screening test for evaluation of thyroid function. The
purpose of this paper is to report an analysis of the
results of T, tests performed by our laboratory be-
tween November 1969 and December 1971.

MATERIALS AND METHODS

The Tetrasorb-125 T, commercial kits were used
according to the procedure recommended by the
manufacturer (3). The same technician analyzed
all samples in a consistent manner, thus reducing
variations due to individual differences in technique.
The standard curve supplied with each different
Tetrasorb lot was checked in duplicate at four points
when that particular batch of !25I-thyroxine binding
globulin (TBG) was first used. Each time after that
125]-TBG solution was used, the percent resin sponge
uptake was checked in duplicate at one point (10
pg% T,). Samples of serum, obtained from patients
with suspected thyroid function abnormality, were
refrigerated for 1 day or frozen up to 4 days until
used. Each sample was defrosted only once, just
before use.

Extraction efficiency. Extraction of T, from serum
was performed primarily with absolute alcohol.
Ninety-five percent ethanol and methanol were also
used to a lesser extent. It has been shown (4) that
mean extraction efficiencies of the three types of
alcohol are the same. The mean T, extraction effi-
ciency using absolute alcohol was 81% with a
standard deviation of 3% when measured 26 times
on two occasions, according to the method recom-
mended by the manufacturer (3). Previously we
reported 81% T, extraction efficiency for absolute
alcohol with standard deviation 6% (5). The mean
values of the two series of extraction efficiency de-
terminations are insignificantly different at 0.05
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TABLE 1. WITHIN-BATCH REPRODUCIBILITY
(Tl F"%)
1969 1971 Total
No of duplicate samples 65 52 nz
Range of differences between
duplicates 0-1.6 0-1.8 0-1.8
Mean difference 031 0.36 0.33
Variance of differences o* 0.086 0.115 0.099
Standard deviation o 0.9 0.34 0.31

probability level. All T, results were corrected for
alcohol extraction efficiency and then multiplied by
0.653 to give thyroxine iodine (T,I).

Reproducibility. Within-batch reproducibility of
the test had previously been determined by our labo-
ratory (5) and was repeated 14 months later by
analyzing 52 patient samples in duplicate. The pres-
ent and previous results of duplicate T,I determina-
tions are summarized in Table 1. The variances and
means of the two series are insignificantly different
at 0.05 probability level, and thus there has been no
significant change of within-batch reproducibility of
the T, kit as used by our laboratory. The two series
may therefore be combined into one sample of 117
duplicate T,I determinations with net mean differ-
ence between duplicates 0.33 g% and net standard
deviation 0.31 ug% (see statistics).

Quality control. Versatol control serum was ana-
lyzed in duplicate with each batch of patient sera to
determine between-batch reproducibility of the T,
test. Two hundred ten T,I determinations were made
with five different lots of Versatol and the results
are summarized in Table 2. The standard deviation
of between-batch measurements has been maintained
over the 25-month period at 0.6 ug%, which is about
0.08 of the mean T,I value for each Versatol lot.
The mean deviation of measured T, values from
the assigned value was 4-0.1 g% (s.d. = 0.6 ug%).

Clinical material. The medical records of approxi-
mately 2,000 patients were reviewed at least 6
months after the T,I determination. The T,I values
were assigned into euthyroid, hypothyroid, and hy-
perthyroid categories plus additional categories rep-

resenting euthyroid patients who had received drugs
or had conditions known to increase (estrogens, anti-
ovulatory medication, pregnancy) or decrease (an-
drogens, anabolic steroids, Dilantin, nephrosis) the
T,I estimate. All cases diagnosed as hypothyroid had
low 131 thyroid uptakes and with thyroid hormone
therapy showed appropriate clinical response and
increased T,I values. All cases diagnosed as hyper-
thyroid had high 31 thyroid uptakes and with anti-
thyroid treatment (antithyroid drugs, !3'I therapy,
or thyroid surgery) showed appropriate clinical re-
sponse and decreased T,I values. The T,I values
for patients with previously diagnosed hyperthyroid-
ism who were being followed in our thyroid clinic
on antithyroid medication or after '3'I therapy or
surgery and patients with previously diagnosed hy-
pothyroidism who were being followed in our thyroid
clinic while on exogenous thyroid medication were
excluded from the analysis. Patients with morpho-
logical or radionuclide scan abnormalities, i.e., soli-
tary cold nodule, multinodular goiter, simple goiter,
hyperfunctioning adenoma, chronic thyroiditis, but
who were clinically euthyroid and had euthyroid *3'I
uptake values, were included in the euthyroid cate-

gory.
RESULTS

The breakdown of 1,578 T,I values into eight
categories is given in Table 3 with the range, mean,
and standard deviation in each category. Individual
T,I values are plotted in Fig. 1 for all categories
except euthyroid for which the frequency distribu-
tion is shown in Fig. 2.

Comparison of T,I values for males and females.
The sample of 1,355 euthyroid T,I values was com-
prised of 388 males and 967 females. Since the
euthyroid values do not follow a normal or Gaussian
distribution (see below), the T,I values for males
and females were compared using the Kolmogorov-
Smirnov test (see statistics), which compares the
cumulative frequency distributions. The maximum
difference between the two distributions was 0.077,
which was less than the critical difference 0.082 at
0.05 probability level. Thus since the differences

TABLE 2. QUALITY CONTROL WITH VERSATOL SERUM

* PBI, corrected for 90% recovery (5).

Assigned valve* No. of Range Mean s.d. s.d. as fraction
(ug %) determinations (T ng%) (Tl ug%) (Tal pg%) of mean
6.8 10 6.2-8.5 74 07 0.10
71 n 5.5-77 6.9 0.7 0.10
6.8 76 5.1-8.6 6.9 0.6 0.09
77 73 6.5-9.2 7.8 0.6 0.08
8.2 40 6.8-9.8 8.4 0.6 0.07
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TABLE 3. DISTRIBUTION OF T, VALUES
FOR 1,578 SUBJECTS
Tdl (ug%)
No. of Min-max.

Category subjects range Mean sd.
Euthyroid 1,355 2.4-10.3 57 1.4
Hypothyroid 47 0.3- 2.6 1.3 0.6
Hyperthyroid 32 8.5-16.8 13.0 24
Pregnancy 27 4.8-13.0 8.3 20
Estrogens 83 3.8-15.1 7.6 21
Nephrosis [) 2.8- 39 33 04
Dilantin 23 2.5- 59 4.1 0.9
Androgens 5 2.5- 48 4.1 0.9
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FIG. 1. Frequency distributions of Til values in seven cate-
gories. Mean Tl valve for each category is shown by short ver-
tical line. Long vertical lines represent mean Til value for euthyroid
subjects and “best” euthyroid T.l limits (see text).

between them were not significant, the euthyroid
male and female T,I distributions were combined
into a single population of 1,355 euthyroid T,I values
for further analysis.

Correlation with age. The age of the euthyroid
subjects ranged from 1 week to 95 years. Determi-
nation of a linear correlation coefficient between age
and the T,I value assumes that the distributions are
normal, which is not so (see below). Hence bivariate
correlation analysis was performed by computing
Spearman and Kendall rank-order correlation co-
efficients (6), which are nonparametric; that is,
neither depends upon a normal distribution. Values
of —0.07 and —0.05, respectively, were obtained,
which are so small that, for practical considerations,
negligible correlation may be assumed between T.,I
value and age.

Serum T, may be elevated in the neonatal period,
and mean T,I values (corrected for extraction effi-
ciency) of 11.9, 10.1, 9.5, 8.7, 7.4, and 8.7 g%
have been reported for ages 1-3 days, 1-2 weeks,
2-4 weeks, 1-4 months, 4-12 months, and for cord
blood, respectively (7). The euthyroid sample re-

662

ported in this paper included T,I values for six sub-
jects (0.4% of the total) less than 4 months old.
The results of statistical analyses, as described be-
low, of the euthyroid distribution were insignificantly
different with or without these six values included
in the sample.

Normality of euthyroid T,I distribution. The fre-
quency distribution of T,I values for 1,355 euthy-
roid subjects (Fig. 2) was analyzed for normality
by determining its skewness and kurtosis. These
values and the mean, standard deviation, and (mean
+2 s.d.) limits of the distribution are given in
Table 4. A normal or Gaussian distribution has skew-
ness — 0 and kurtosis =— 3. The positive skewness
of 4-0.35 is significant, and hence the euthyroid T,I
values are not normally distributed. (A description
of skewness and kurtosis and determination of their
significance are outlined in statistics.) The logarith-
mic and square-root transformations of the euthy-
roid T,I distribution are also given in Table 4. With
logarithmic transformation the skewness has been
reversed to —0.34, which is significant. The square-
root transformation is insignificantly skewed but has
kurtosis significantly different from 3. Thus neither
of these simple transformations fit the euthyroid T,I
values to a normal distribution.

To eliminate any possibility that the nature of
the distribution of euthyroid T,I values and subse-
quent conclusions were due to any of the T,I values
outside the mean *2 s.d. range being from other
than confirmed euthyroid subjects, the medical rec-
ords of the 37 and 12 euthyroid patients with T,I
values above 8.4 ug% and below 2.9 ug%, respec-
tively, were reviewed again for confirmatory labora-
tory evidence that they were not borderline or mild

-280 MEAN +280

of sudjects

Number

201 37

subjects

Tal po%

FIG. 2. Frequency distribution of Ti values for 1,355 euthy-
roid subjects.
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TABLE 4. DISTRIBUTION PARAMETERS OF 1,355 EUTHYROID T,I VALUES
AND OF TWO TRANSFORMATIONS

* At 0.05 probability level.

Distribution Mean s.d. Mean =+ 2 s.d. (kg% Td) Skewness Kurtosis

Td (ug%) 5.67 137 2.9-84 +4-0.35 (significant)* 2.96 (not significant)
logio (Tdl) 0.74 0.11 3.3-9.0 —0.34 (significant) 3.14 (not significant)
VTd 2.36 0.29 3.2-8.6 +-0.03 (not significant) 2.60 (significant)

hyperthyroid or hypothyroid or did not have changes
in TBG levels or conditions known to change TBG
levels. Evidence accepted as confirming the euthyroid
state included the following: (A) repeat T,I value
within the mean *+2 s.d. range of 2.9 — 8.4 ug%;
(B) normal T, resin uptake test; (C) repeat normal
T, value by column chromatography; (p) normal
131] thyroid uptake and scan; and (E) normal TBG
test. When this was done, 15 values above 8.4 ug%
and 6 values below 2.9 ug% were retained. Those
patients whose T,I values were excluded because of
the absence of any other thyroid function test result
had signs or symptoms that either were explained
by other diseases or were so few that the referring
physician thought that further thyroid function tests
were unnecessary. Complete statistical analyses were
performed for this reduced sample of 1,327 values
and even also for the euthyroid sample with all T,I
values >8.4 ug% and <2.9 ug% excluded. As
expected, all statistical results and conclusions were
negligibly affected. Skewness and/or kurtosis factors
of the raw euthyroid distributions and of the loga-
rithmic and square-root transformations were still
significantly different from those of a Gaussian distri-
bution, and mean *+2 s.d. ranges still proved in-
adequate for defining the best euthyroid range for
discrimination between hypothyroid, euthyroid, and
hyperthyroid subjects.

Euthyroid T.,I range. Since neither the raw euthy-
roid T,I data nor the two simple transformations
studied follow a normal distribution, the 95% range
of the euthyroid population is not defined by two
standard deviations from the mean. Inspection of
T,I values in Figs. 1 and 2 and Table 3 indicated
that for our laboratory the euthyroid T,I range giv-
ing the fewest misclassifications in hypothyroid,
euthyroid, and hyperthyroid categories is 2.7-9.3
pg%. Only 16 euthyroids (1.2% of 1,355 euthy-
roids) lie outside this range (eight above and eight
below); no hypothyroids and only one hyperthyroid
(3.1% of 32 hyperthyroids) fall within this range.
The lower limit, 2.7 ug%, is the mean —2.16 s.d.,
and the upper limit, 9.3 ug%, is the mean +-2.65
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s.d.; the asymmetry thereby allows for the positive
skewness of the euthyroid T,I distribution.

These chosen limits for the euthyroid T,I range
are shown in Fig. 1. Table 5 compares the numbers
of T,I values outside the range, mean =2 s.d., and
outside our optimum range, 2.7-9.3 ug%, for all
categories except hypothyroid and hyperthyroid. The
latter range reduces the number of misclassifications
from 90 to 39. Table 6 compares the numbers of
subjects outside both euthyroid T,I ranges for all
categories; the total number of misclassifications is
reduced from 90 to 40 when the range 2.7-9.3
8% is used. With no additional information regard-
ing which subjects had conditions or diseases or
were taking medications known to affect the T,I
value, the diagnostic accuracy of the T, by CPB
test is 97.5% when the optimum euthyroid T,I
range, 2.7-9.3 ug%, is used, compared with 94.3%
using the range, mean *2 s.d. Knowledge of preg-
nancy or administration of estrogens, Dilantin and
androgens reduces the number of misclassifications
with the range, 2.7-9.3 ug%, to 17 (16 euthyroids
and 1 hypothyroid—see Tables 5 and 6), which is
1.1% of the total number of subjects. Hence the T,
by CPB test gives 98.9% accuracy in diagnosis of

TABLE 5. SUBJECTS IN SIX CATEGORIES
WITH T.1 VALUES OUTSIDE TWO
EUTHYROID T, RANGES

2.9-8.4 ug% 27-9.3 ug%
(mean * 2 s.d.)
No. No. No. No.
Category* below above below above
Euthyroid 12 37 8 8
Pregnancy 0 n 0 7
Estrogens 0 26 (] 14
Nephrosis 1 0 0 0
Dilantin 2 0 1 0
Androgens 1 0 1 0
Total number 16 74 10 29
90 39
* Excluding hypothyroid and hyperthyroid.
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TABLE 6. NUMBER OF MISCLASSIFICATIONS
ACCORDING TO TWO EUTHYROID T,| RANGES

Euthyroid T.l range
2.9-8.4 ug%

Category (mean * 2s5.d.) 27-93 ug%
Hypothyroid (/] 0
Hyperthyroid 0 1
Other (from Table 5) 90 39
Total number misclassified 90 40
Total as % of all subjects 57% 2.5%
Diagnostic accuracy 94.3% 97.5%

TABLE 7. CORRECTED T, (.g%) VALUES
BY CPB: EUTHYROID SUBJECTS

No. of Min-max

Author subjects range Mean s.d.
Murphy, et al (2) 792 2.1-123 55 13
Nakajima, et al (11) 39 3.8-78 57 1.1
Siersbaek-Nielsen (8) 49 59 1.5
Abbott Laboratories (3) 96 6.5 1.5
Sparagana, et al (10) 129 6.1 14
Kaihara, et al (12) 40 3.5- 8.4 59 1.2
Fitzgerald, et al (13) 2 29-127 6.9 1.9
Brookeman, et al (5) 15 29- 97 6.0 1.5
Braverman, et al (14)° 53 22-74 50 1.0
This report 1,355 2.4-10.3 57 14

* Usng Sephadex column; corrected for 97.9% extraction
efficency (14).

hypothyroid and hyperthyroid subjects if the euthy-
roid range, mean *2 s.d., is not used and a better
range, accounting for the non-normality of the euthy-
roid T,I distribution, is correctly chosen.

COMPARISON WITH LITERATURE

In agreement with our results, other laboratories
have reported no statistical difference between T,
values for euthyroid males and females (8-10) and
no significant variation with age (2,8), except for
the neonatal period.

Euthyroid T,I distribution. Published single series
of T,I values for euthyroid subjects are given in
Table 7, corrected for extraction efficiency. This
series of 1,355 subjects is the largest to date. The
series by Murphy, et al (2) of 792 euthyroid sub-
jects is the second largest and the only other pub-
lished series with sufficient T,I values for comparable
analysis with this euthyroid distribution. The pub-
lication of Murphy, et al (2) reports three consecu-
tive series of T, by CPB determinations on a total
of 1,146 euthyroid subjects. The largest single series
containing 792 euthyroid subjects was compared
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with the sum of the three series using the Kolmo-
gorov-Smirnov two-sample test (see statistics) to
determine the validity of combining the three euthy-
roid samples into one large sample for statistical anal-
ysis. The maximum absolute difference between the
two cumulative frequency distributions was 0.02 (at
a T, value of 6.4 ug% ), which was less than the
critical difference, 0.06, at 0.05 significance level.
Thus it was concluded that the combined sample of
1,146 T, values for euthyroid subjects was equiva-
lent to the single sample of 792 values, and the
skewness of the distribution and of the logarithmic
and square-root transformations were determined
using the published T, data (2). The results, given
in Table 8, are compared with the skewness of this
report’s euthyroid T,I distribution and both trans-
formations and confirm that neither the T, by CPB
values for euthyroid subjects nor the log transforma-
tion is normally distributed. Also given in Table 8
are the mean and standard deviation of the combined
sample of 1,146 euthyroid T, values, corrected for
the extraction efficiency (77% ) of the ethanol used
(2) and converted to T,I. Finally, this sample of
1,355 euthyroid T,I values was compared with the
combined sample by Murphy, et al (2) of 1,146
euthyroid T,I values using the Kolmogorov-Smirnov
test. The cumulative frequency distributions are
shown in Fig. 3. The maximum difference between
them is 0.035, which is less than the critical differ-
ence, 0.055, at 0.05 level of significance. Hence it
can be assumed that the two samples came from a
common non-normal euthyroid population and are
equivalent.

Best euthyroid T,I range. Murphy, et al (2), rec-
ognizing that their euthyroid distribution was skewed,
rejected a normal T, range of mean +2 s.d. and
arbitrarily adopted a normal uncorrected T, range
of 4-11 ug%. Inspection of their published data
(2) indicates that the uncorrected T, range giving
fewest misclassifications of hypothyroid, euthyroid,
and hyperthyroid subjects is 3.8—-10.8 ug%, which
is equivalent to 3.2-9.2 ug% T,I, corrected for
ethanol extraction efficiency. These limits are given
in Table 8, expressed as the number of standard
deviations below and above the mean T,I value, and
compared with equivalent results for this report’s
euthyroid T,I data.

It is justifiable to consider a total sample of
2,501 euthyroid subjects (see Table 8) with mean
T.I value 5.6 ug%, standard deviation 1.3 ug%,
and a best normal range of 3.0 to 9.2 g%, and to
propose that for maximum discrimination between
hypothyroid, euthyroid, and hyperthyroid subjects,
the normal T range (mean —2.0 s.d.) to (mean
+2.7 s.d.) may be used by all laboratories.
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TABLE 8. COMPARISON OF TWO EUTHYROID T,I DISTRIBUTIONS
Skewness Td (1g%) Best lower limitt Best upper limit}
No. of No. of
No. of s.d. s.d.
euthyroid _ below above
subjects T logio Te VT, Mean sd. Tl (kg%) mean Td (19 %) mean
This report 1,355 +0.35 —0.34 +0.03 57 1.4 27 2,16 9.3 2.65
(1 series) (signifi- (signifi- (not sig-
cant)* cant) nificant)
Murphy, 1,146 (sum 4044 —0.30 +0.09 5.6 1.3 3.2 1.86 9.2 273
et al (2) of three (signifi- (signifi- (not sig-
series) cant) cant) nificant)
Average 2,501 5.6 1.3 3.0 20 9.2 27
* At 0.05 probability level.
1 For maximum discrimination between euthyroid and hypothyroid subjects.
% For maximum discrimination between euthyroid and hyperthyroid subjects.
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FIG. 3. Cumulative frequency distributions of two independent
large series of T by CPB measurements in euthyroid subjects. T,
values published by Murphy, et al (2) were corrected for ethanol
extraction efficiency (77%) and converted to Til.

Other categories. Tables 9 and 10 summarize those
T.I values by CPB values (corrected for extraction
efficiency) published for hypothyroid, hyperthyroid,
and pregnant subjects and for subjects with nephrosis
or taking medications (estrogens or Dilantin) known
to effect the T,I value.

The 83 females in our estrogens category were
either postmenopausal on Premarin (1.25-3.75 mg/
day) or stilbestrol (0.25-0.50 mg/day) or pre-
menopausal on oral contraceptives, the current com-
mercial brands of which contain at least 50 ug estro-
gen. It has been shown (/8) that 50 ug estrogen
after 1 month of therapy results in definite elevation
of the serum PBI value (by 1-2) and the T,I-by-
column value by about 1.4 ug% to 4.2-7.5 ug%.
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Our results are in agreement with those listed in
Table 10 and with others (2,9,19,20); namely, that
in pregnancy and with administration of estrogens,
mean T, levels are increased because of increased
TBG concentration.

It has been known since 1961 (21) that the ad-
ministration of diphenylhydantoin (Dilantin) de-
pressed the PBI concentration from a mean of 5.4
to 3.8 ug%. Our result of a low mean T,I value for
23 subjects receiving Dilantin are in excellent agree-
ment with those of Murphy, et al (2) (see Table
10). Six subjects with nephrosis had decreased T,I
values because of decreased thyroxine-binding pro-
teins, in agreement with the results of Nakajima,
et al (11) (see Table 10). Five patients on andro-
gens had decreased T,I values (see Table 3) because
of decreased TBG concentration.

STATISTICS

All computations for statistical analyses of T,I
data were performed on an IBM 360 computer using
a statistical software package (22).

Comparison of variances and means. For com-
parison of two sets of determinations of alcohol ex-
traction efficiency or T,I reproducibility, variances
were first tested in pairs for significance using the
F-distribution (23). Then the means were tested in
pairs for significance using the t-test (student
distribution). If the variances (0,2 and o0.2) and
means (X, and x,) of the two samples are insignifi-
cantly different, as with the two sets of reproducibility
measurements, then the two samples (sizes n, and
n,) come from a common population with mean
(X, + n.X;)/n, + n;).

The Kolmogorov-Smirnov two-sample test. This
statistic (24) tests the null hypothesis H, that two
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TABLE 9. CORRECTED T,I (,‘g%) VALUES BY CPB: HYPOTHYROID AND HYPERTHYROID SUBJECTS
Hypothyroid subjects Hyperthyroid subjects
No. of Min-max No. of Min-max

Avuthor subjects range Mean s.d. subjects range Mean s.d.
Murphy, et al (2) 67 0-3.4 1.8 35 8.3->13.6 119
Nakajima, et al (11) 7 1.4-34 23 0.7 16 8.4-17.1 10.9 23
Siersbaek-Nielsen (8) 24 1.6 0.8 100 13.1 35
Kennedy, et al (15) 12 0.1-3.0 1.2 19 6.6-17.0 1n3
Cassidy, et al (16) 22 0-34 1.9 33 9.1-24.5 13.1
Sparagana, et al (10) 9 0.5-3.3 1.8 0.8 14 10.3-334 17.7 6.2
Kaihara, et al (12) 15 0.5-3.8 25 0.9 32 7.4-23.8 105 29
Braverman, et al (14)* 14 0.2-1.5 0.6 0.5 21 7.6-17.2 12.0 3.0
This report 47 0.3-2.6 1.3 0.6 32 8.5-16.8 13.0 2.4

* Using Sephadex column; corrected for 97.9% extraction efficiency (14).
TABLE 10. CORRECTED T,! (,,,9%) VALUES BY CPB: OTHER CATEGORIES

Avuthor Category No. of subjects Min-max range Mean s.d.
Nakajima, et al (11) Pregnancy 16 5.2- 9.6 7.0 13
Ekins, et al (17) Pregnancy 93 6.5 1.2
Braverman, et al (14)* Pregnancy 10 4.8- 9.1 77 1.1
This report Pregnancy 27 4.8-13.0 8.3 2.0
Ekins, et al (17) Oral contraceptives 87 6.3 1.1
Braverman, et al (14)* Estinyl 8 7.3- 97 8.6 0.9
This report Estrogens 83 3.8-15.1 7.6 21
Murphy, et al (2) Dilantin 22 2.2- 59 4.2 0.9
This report Dilantin 23 2.5- 59 4.1 0.9
Nakajima, et al (11) Nephrosis 4 1.3- 35 23 0.9
This report Nephrosis [} 2.8- 3.9 33 0.4

* Using Sephadex column; corrected for 97.9% extraction efficiency (14).

independent samples were drawn from the same
population. The two-tailed test uses the maximum
absolute difference between the cumulative frequency
distributions, regardless of direction, and is sensitive
to any kind of difference in the distributions from
which the two samples were drawn such as differ-
ences in location (central tendency), dispersion, and
skewness. If the observed maximum difference is less
than the critical difference [(n, 4+ n.;)/n;n.]'/2 X
1.36, for sample sizes n, and n.,, H, cannot be re-
jected at the 0.05 level of significance. Although this
does not prove the identity of the two distributions,
the differences between them are not significant.
Nommality of a frequency distribution. To test
for non-normality of a population frequency func-
tion, such as the euthyroid T,I distribution, certain
functions of the moments of the sample are calcu-
lated and the significance of their departure from the
expected values for a normal population is examined.
Departure of \/b,, m;/m.*2 from zero is an indi-
cation of skewness in the distribution, and departure
of b;, m,/m.?%, from 3 is an indication of kurtosis,
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where m, = 1él(x. —%)/n, (r> 2) (25). A dis-

tribution, such as euthyroid T,I values, with signifi-
cant positive skewness is skewed to the right with
high euthyroid T,I values further from the mean
than low euthyroid T,I values. A distribution, such
as the square root of euthyroid T,I values, with kur-
tosis significantly less than 3, is platykurtic and has
a flatter top and more abrupt tails than a normal
distribution.

DISCUSSION AND CONCLUSIONS

The distributions of many physiological variables
in normal subjects do not follow a Gaussian or nor-
mal distribution, but are skewed (26), and hence
mean *2 s.d. limits do not define the central 95%.
If the departure from normality is major, serious
diagnostic misclassifications may arise from use of a
normal range based on a falsely assumed Gaussian
distribution.

Determination of serum T, by CPB has been es-
tablished as the single in vitro screening test of
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thyroid function that gives greatest diagnostic accu-
racy (27), and T, by CPB tests are performed
routinely by many laboratories. The method of selec-
tion of a euthyroid T, range varies, and several labo-
ratories have suggested various euthyroid T, limits,
generally based on analyses of limited numbers of
cases. Some laboratories take the mean *2 s.d. as
the limits of the central 95% range of an assumed
Gaussian distribution of euthyroid T, values. Others,
observing that their distribution of euthyroid T, by
CPB values was skewed (2,9,12,17), arbitrarily se-
lected by inspection those T, limits that could suit-
ably distinguish between hypothyroid, euthyroid, and
hyperthyroid subjects. However, such statistical and
clinical analyses require large numbers of cases. This
is not practical for the average nuclear medicine labo-
ratory, and it is difficult to select a euthyroid T,
range from the many published in the literature, par-
ticularly in view of the increasing numbers of com-
mercial T, kits using different modifications to the
basic T, by CPB procedure introduced in 1964 (1).
Our laboratory formerly reported T, values based on
a normal range of 2 s.d. from the mean. However
it was apparent that some borderline values were
being misclassified, and inspection of a small series
of T,I values (5) indicated a skewed euthyroid dis-
tribution.

To test the validity of assuming a normal distri-
bution for T, by CPB values in euthyroid subjects,
a large enough sample must be accumulated. To
date, a full statistical analysis of a single series of
T, values for a large number of euthyroid subjects
has not been performed. An opportunity to carry out
such a study was afforded our laboratory by the
availability of T,I values determined over a two-year
period by one technician using one method in a
consistent manner. We have performed a statistical
analysis of our single series of 1,578 T, by CPB
values including 1,355 euthyroids. The principal rea-
son for the survey was the desire to establish diag-
nostic limits for the better interpretation of T, by
CPB levels and to clarify the question of selection
of a euthyroid T, range for routine clinical use by
any laboratory.

Since the distribution of T,I values for euthyroid
subjects is unequivocally skewed, the 2 s.d. limits
do not define the central 95% of the population
and cannot properly be applied to determine a
euthyroid T, range. Neither are the logarithmic
nor square-root transformations normally distrib-
uted.

Comparison of our euthyroid distribution with a
combined series of 1,146 euthyroid T, by CPB val-
ues (2), determined some years ago by a quite inde-
pendent laboratory using nonidentical techniques,
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indicates that these two distributions are equivalent
and independent of geographic location of the labo-
ratory and method and technique of T, by CPB anal-
ysis. Hence a common non-normal euthyroid popu-
lation is assumed. Although the means, standard
deviations, and “best” euthyroid ranges of the two
euthyroid T,I distributions compared in Table 8 are
almost identical, it is not suggested that the absolute
average values given in Table 8 may be used by all
laboratories determining T, by CPB since slight
differences in method or technique could give rise to
different values. However, the nature and shape of
the distribution of T, values among euthyroid sub-
jects should be the same for any laboratory, and a
general formula for a euthyroid T, by CPB range
is proposed (mean —2 s.d.) to (mean +42.7 s.d.),
which accounts for the skewness of the euthyroid
T, distribution, and may be used by any laboratory.
It is suggested that each laboratory compile its own
mean T, by CPB value and standard deviation for a
group of euthyroid subjects and determine their
euthyroid T, range from the above general formula.

For our laboratory the best euthyroid T,I range
by inspection of 1,578 T,I values was 2.7-9.3 ug%
and gave 97.5% diagnostic accuracy with no addi-
tional information (see Table 6). If the general
formula (mean —2 s.d.) to (mean +-2.7 s.d.) is ap-
plied to our mean T,I value of 5.67 ug% and stand-
ard deviation of 1.37 ug%, a euthyroid T,I range of
2.9-9.4 ug% is obtained. If this range were used,
rather than 2.7-9.3 ug%, five additional subjects
would be misclassified: two euthyroids, one hyper-
thyroid, one subject with nephrosis, and one subject
on Dilantin (see Fig. 1 and Table 5). Now the total
number of misclassifications, 45 out of 1,578 sub-
jects, would represent an accuracy of diagnosis of
hypothyroid and hyperthyroid subjects of 97.1%,
with no additional information. However, knowledge
of pregnancy and nephrosis and administration of es-
trogens, Dilantin, and androgens would reduce the
number of misclassifications of euthyroid, hypothy-
roid, and hyperthyroid subjects to 21 and increase
the diagnostic accuracy of the T, by CPB test as a
single screening test of thyroid function to 98.7%.

The preceding general discussion about the selec-
tion and use of a normal T,I range applies also to
other in vitro thyroid function tests, such as the
recently introduced effective thyroxine ratio (28)
and normalized serum thyroxine level (29). The re-
sults of such tests should be similarly analyzed since
the distribution of values for a euthyroid population
may not be Gaussian, in which case the mean *2
s.d. range does not define 95% of the euthyroid
population, and an alternative appropriate normal
range must be defined.
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