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Measurement of total serum
testosterone levels using commercially
available kits: high degree of
between-kit variability

Larry R. Boots, Ph.D.,* Sally Potter, B.S.,” H. Downing Potter, B.S.,* and
Ricardo Azziz, M.D., M.P.H.*t%

University of Alabama at Birmingham, Birmingham, Alabama

Objective: The measurement of total serum testosterone has an established clinical role in the management of male
hypogonadism and female androgen excess disorders. We studied the between-kit variability and precision of six different
commercially available testosterone assays and compared them with an established in-house method.

Design: Laboratory observational prospective study.
Setting: Tertiary university medical center clinical laboratory.

Patient(s): Three groups of samples each of men (n = 36) and women (n = 15) who had high, normal, or low levels of
sex hormone-binding globulin (SHBG), respectively, were studied.

Intervention(s): Individual and pooled (male and female) serum samples were analyzed for total testosterone concentration
using six different commercially available assays and one in-house method.

Main Outcome Measure(s): The between-kit variability and the effect of the mean (= SD) SHBG level were determined,
the results obtained with the use of the kits and the in-house method were compared, and the intraassay variability (i.e.,
precision) was evaluated.

Result(s): Male samples demonstrated a 26.3%—40.8% variance in the results obtained with different kits, which was
greatest for samples with the lowest SHBG levels. For female samples, between-kit variability ranged from 57%-115%
(average, 77%). The percent deviation of the results obtained with the use of commercial methods from those obtained with
the use of our in-house assay was greater for men (mean variance, 194%) than for women (mean variance, 67%). The female
pool intraassay coefficient of variation was 3.8% with the use of the in-house method and ranged from 8.9%-21.2% with
the use of the commercial kits. The male pool intraassay coefficient of variation was 3.1% with the use of the in-house
method and ranged from 3.3%—5.5% with the use of the commercial kits.

Conclusion(s): Most commercially available kits for measuring the total serum testosterone level demonstrated significant
between-kit variability, which was greatest for female samples. Further, samples with the lowest SHBG levels had the
highest between-kit variances. These data strongly suggest that the measurement of total serum testosterone using
commercial kits may have limited utility, particularly for the detection of hyperandrogenemia. (Fertil Steril® 1998;69:
286-92. ©1998 by American Society for Reproductive Medicine.)
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The measurement of total testosterone in
serum has been recommended in the evaluation
and management of female androgen excess
disorders, particularly for the exclusion of an-
drogen-secreting tumors (1-4). It has been
suggested that patients with testosterone levels
>200 ng/dL be evaluated for an androgen-
secreting tumor. Nonetheless, most published
reports studying the value of this androgen
measurement use highly specific assay tech-
niques (5).

In contrast, most clinicians who request tes-
tosterone levels submit samples to laboratories
that make use of commercially available kits
for the measurement of this steroid. Hence, a
high degree of variability and inaccuracy in
testosterone assay results will have a signifi-
cant impact on the evaluation of female hy-
perandrogenism. As a result, witness the fre-
quent finding of the hirsute woman whose
androgen levels, in particular total testosterone,
are normal. This in turn has resulted in many of



these patients being designated as having ‘‘idiopathic hirsut-
ism.”” We have argued that many of the ‘‘normal’’ androgen
results that are obtained actually reflect insensitive or inac-
curate assay methods and not the absence of hyperandrogen-
emia (5).

A few investigators (6,7) have reported that sex hor-
mone-binding globulin (SHBG) interferes with the measure-
ment of testosterone when RIA kits are used on unextracted
serum. In essence, these reports state that when testosterone
is measured in serum that contains low levels of SHBG, the
testosterone value may be overestimated, and vice versa.
Because androgen excess frequently is associated with sup-
pressed SHBG levels (8), it is possible that kits that use
unextracted serum could produce an overestimation of the
testosterone level in these patients.

We hypothesized that the measurement of total testoster-
one using commercial assays on unextracted serum yields
results that are not sufficiently accurate or consistent to be
useful in the evaluation of women with hyperandrogenism.
Further, we hypothesized that the circulating SHBG concen-
tration affects the performance of the commercial testoster-
one assay Kkits.

The objectives of the present study were [1] to determine
the between-kit variability in total testosterone levels mea-
sured by six different commercial assays and to compare the
results of these assays to the results obtained with the use of
an in-house procedure; [2] to determine the effect of circu-
lating SHBG levels on these two parameters; and [3] to
determine the precision (intra-assay variance) of the assays.

MATERIALS AND METHODS
Study Samples

Our laboratory routine specifies that all excess serum
samples that are not used in obtaining the clinical measures
be stored at —20°C for up to 4 years. From these stored
samples, a total of 41 serum aliquots were selected. Each
sample was obtained from a single individual (i.e., not
pooled or batched) and previously had been assayed for
circulating SHBG levels (see later). The study was approved
by the Institutional Review Board of the University of Ala-
bama at Birmingham. Samples were selected and grouped
according to gender and SHBG level as follows:

1. Males-high: Twelve samples from men with SHBG levels of
>220 nmol/L.

2. Males-normal: Twelve samples from men with SHBG levels
of 140-220 nmol/L.

3. Males-low: Twelve samples from men with SHBG levels of
<140 nmol/L.

4. Females-high: Five samples from women with SHBG levels
of >400 nmol/L.

5. Females-normal: Five samples from women with SHBG
levels of 210—400 nmol/L.
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6. Females-low: Five samples from women with SHBG levels
of <210 nmol/L.

Each of these samples was assayed separately for testos-
terone levels in duplicate using seven different methods: the
in-house method and the six commercial assay Kits, as de-
scribed later.

Determining Intra-assay Precision

Aliquots from each of the individual serum samples were
combined to produce two pooled samples, one male and one
female. Ten aliquots from each of these pooled specimens
then were assayed consecutively by our in-house method and
by the six different commercial kits, to estimate the degree of
intraassay variability.

Hormonal and Sex Hormone-binding
Globulin Assays

Sex Hormone-binding Globulin

Sex hormone-binding globulin binding capacity was
measured by diffusion equilibrium dialysis using Seph-
adex G-25 (Pharmacia Biotech AB, Uppsala, Sweden) and
3[H]-testosterone (New England Nuclear, Boston, MA) as
the ligand, as previously described (9).

In-house Testosterone Assay

Testosterone was measured using a double antibody RIA
method after serum extraction, as previously described (10).
In brief, 0.5 mL of serum (0.1 mL when assaying samples
from men) and 0.1 mL of *H-testosterone (approximately
15,000 cpm) was added to 15-mL extraction tubes and
diluted to 1.0 mL with deionized H,O. The steroids were
extracted using 5.0 mL of diethyl ether and the extract was
dried under air and resuspended in 0.5 mL of 0.15-M phos-
phate buffer (pH 7.4). Fifty uLL of the antibody solution
(1:2,000) then was added to subject, control, and standard
curve tubes. The cross-reactivity of the antibody has been
reported previously (10).

The tubes were incubated for 30 minutes at 4°C. Swirling
dextran-coated charcoal (0.1 mL) then was added and the
suspension was allowed to sit for 5 minutes on ice. The tubes
were centrifuged for 5 minutes at 3,000 rpm and the super-
natant was decanted into previously labeled 7-mL glass
counting vials. After the addition of 5.0 mL of cocktail, the
vials were counted in a scintillation counter. The data were
reduced according to standard procedures, and testosterone
levels were calculated.

Commercial Testosterone Assays

Six commercial kits were studied. All measured testos-
terone using a polyclonal RIA method, on nonextracted
serum. Those that used a double antibody method included
an iodine-125-testosterone tracer, a rabbit antitestosterone
antibody, and a precipitating solution containing goat anti-
rabbit gamma globulin. Those that used a coated tube
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Total testosterone levels in samples of 12 men with either low (A), normal (B), or high (C) sex hormone-binding globulin (SHBG)
mean levels, assayed by six commercial kits (individual points) and an in-house assay method (individual lines).
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method included an iodine-125-testosterone tracer and a 44.4, and 88.8 nmol/L) (catalog no. 135; Pantex, Santa
rabbit antitestosterone immunoglobulin immobilized to the Monica, CA). Expected adult ranges per package insert:
inside of polypropylene tubes. The assays studied were as men, 3-12 ng/mL (10.4-41.6 nmol/L); women, 0.25-0.85
follows: ng/mL (086—295 nmol/L).
B. Coated tube method. Standards: 0, 0.1, 0.4, 0.8, 1.6, 3.2, 6.4,
A. Double antibody method. Standards: 0, 0.1, 0.4, 0.8, 1.6, 3.2, 12.8, and 25.6 ng/mL (0, 0.4, 1.4, 2.8, 5.5, 11.1,22.2, 44 .4,
6.4, 12.8, and 25.6 ng/mL (0, 0.4, 1.4, 2.8, 5.5, 11.1, 22.2, and 88.8 nmol/L) (catalog no. 335M; Pantex). Expected
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Elevated SHBG samples

adult ranges per package insert: men, 3-12 ng/mL (10.4-
41.6 nmol/L); women, 0.25-0.85 ng/mL (0.86-2.95 nmol/
L).

C. Double antibody method. Standards: 0, 0.1, 0.5, 2.5, 10.0,
and 25.0 ng/mL (0, 0.4, 1.7, 8.7, 34.7, and 86.7 nmol/L)
(catalog no. DSL-4100; Diagnostic Systems Laboratories,
Inc., Webster, TX). Expected adult ranges per package insert
(mean £ 2 SD): men, 2.8-8.8 ng/mL (9.7-30.5 nmoV/L);
women, 0.1-0.8 ng/mL (0.34-2.77 nmol/L).

D. Coated tube method. Standards: 0, 0.1, 0.5, 2.5, 10.0, and
25.0 ng/mL (0, 0.4, 1.7, 8.7, 34.7, and 86.7 nmol/L) (catalog
no. DSL-4000; Diagnostic Systems Laboratories, Inc.). Ex-
pected adult ranges per package insert (mean = 2 SD): men,
2.8-8.8 ng/mL (9.7-30.5 nmol/L); women, 0.1-0.8 ng/mL
(0.34-2.77 nmol/L).

E. Coated tube method. Standards: 0, 0.2, 0.5, 1.0, 2.5, 7.5, and
20.0 ng/mL (0, 0.7, 1.7, 3.5, 8.7, 26.1, and 69.6 nmol/L)
(catalog no. 1558; Incstar, Stillwater, MN). Expected adult
ranges per package insert: men, 1.88-8.96 ng/mL (6.5-31.1
nmol/L); women, not detectable—0.62 ng/mL (not detect-
able-2.15 nmol/L).

F. Coated tube method. Standards: 0, 0.2, 1.0, 4.0, 8.0, and 16.0
ng/mL (0, 0.7, 3.5, 14.0, 28.0, and 55.0 nmol/L) (Coated
Tube Solid Phase Assay Procedure; Diagnostic Products
Corp; Los Angeles, CA). Expected adult ranges per package
insert: men, 2.45-18.36 ng/mL (8.5-63.6 nmol/L); women,
0.22-0.80 ng/mL (0.76-2.77 nmol/L).

Statistical Calculations

Between-kit variability was calculated for each indi-
vidual sample by calculating the percent coefficient of
variation (CV) ([standard deviation/mean] X 100) for the
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results obtained with each kit. When the kit results were
read as below detectable levels, the lowest value detect-
able according to the kit was assigned as the value. We
calculated a percent deviation for each individual sample
for the results obtained using each commercial assay from
the results obtained for the same sample using our in-
house testosterone assay method (i.e., percent devia-
tion = |(commercial result for sample-in-house result for
same sample)/in-house result for same sample | X 100).
The CVs between groups were compared by analysis of
variance after first-log transformation of the individual
sample CVs. The intraassay precision for each type of
assay was calculated by determining the percent CV of the
10 consecutive results obtained in the male and female
pooled specimens. Other mean (* SD) values (e.g.,
SHBG) were compared by analysis of variance.

RESULTS

Between-kit Variance of Commercial Assay
Methods for the Measurement of Total
Testosterone in Men

As expected, mean (£ SD) SHBG levels were 122 = 9
nmol/L, 161 *= 17 nmol/L, and 294 = 79 nmol/L, for
samples in the low, normal, and high SHBG groups
(P < 0.001). Individual results for total testosterone val-
ues obtained for each individual sample and for each
commercial kit are depicted in Figure 1. Male samples
averaged a between-kit variance of 32.6% = 11.5%,
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which decreased as the mean (* SD) level of SHBG
increased. Samples with a high SHBG level had a mean
(= SD) CV of 26.3% * 3.7%, those with a normal SHBG
level had a mean (= SD) CV of 30.7% * 10.2%, and
those with a low SHBG level had a mean (= SD) CV of
40.8% = 13.5%, which represented a statistically signif-
icant difference (P < 0.05).

The percent deviation of testosterone results obtained
with the use of commercial methods from the values ob-
tained with the use of our in-house assay averaged 194%
(Table 1). The degree of variance from the values obtained
with the use of our in-house assay appeared to be unaffected
by the mean (= SD) circulating SHBG level. Finally, the
male pool intra-assay CV was 3.1% using the in-house
method and ranged from 3.3%-5.5%.

Between-kit Variance of Commercial Assay
Methods for the Measurement of Total
Testosterone in Women

Mean (= SD) SHBG levels varied by sample group, with
samples with low SHBG levels averaging 166 = 11 nmol/L,
those with normal SHBG levels averaging 262 = 36 nmol/L,
and those with high SHBG levels averaging 544 *+ 79 nmol/L
(P < 0.001). Individual results for total testosterone obtained
for each individual sample and for each commercial kit are
depicted in Figure 2. Between-kit variability ranged from 57%—
115% (Table 2), with an average variability of 77%. Again, the
degree of between-kit variability decreased minimally as the
mean (*+ SD) level of SHBG increased, such that the average
between-kit CV was 75% = 5.8% in samples with high levels
of the globulin, 79% * 16.5% in those with normal levels, and
85.4% * 24.9% in those with low levels, although the differ-
ence failed to reach statistical significance.

As predicted by their lower mean (£ SD) circulating testos-
terone levels, the mean (= SD) deviation was less for female
than for male samples, averaging 67% (Table 3). The results for
an individual sample could deviate by as much as 400% from
those obtained with the use of our in-house testosterone assay.
Again, the percent deviation from our in-house assay results

was similar, regardless of the mean (+ SD) SHBG level. In
determining assay precision, the female pool intraassay CV was
3.8% with the use of the in-house method and ranged from
8.9%-21.2% with the use of the commercial Kits.

DISCUSSION

A number of investigators (11, 12) have recently become
concerned with the level of accuracy of currently used clin-
ical chemistry and hormonal assays. In this regard, our data
clearly demonstrate that the measurement of total testoster-
one in serum with the use of commercial kits is highly
variable and probably inaccurate. This is of particular im-
portance in the study of women, in whom the results of
different kits varied by an average of 77%. Therefore, the
results for an individual female sample could range from
within normal limits to well above normal (according to the
expected ranges reported by the kit insert) and those for an
individual male sample could range from subnormal to nor-
mal, simply by varying the kit used to measure total testos-
terone. The degree of between-kit variability, although still
statistically significant, was considerably less for male sam-
ples, averaging 32%.

Among female samples, the results obtained with the use
of commercial kits deviated by as much as 400% from those
obtained with the use of our in-house assay. The Kkits that
demonstrated the least deviation (kits D and F) had mean (*
SD) variances from the in-house method results ranging
from 22%-63%, depending on the mean (* SD) SHBG
value. Compared with our in-house assay system, some of
the kits tended to overestimate the total testosterone level
consistently, whereas others underestimated it.

Although it may be reasonable to assume that those kits
with lower values also would have a lower range of
expected values reported in their package insert, this did
not appear to be the case. In fact, the expected ranges
included in the package inserts were relatively similar for
all six commercial assay methods, with the exception of

Percent deviation of testosterone values obtained with the use of commercial assays from the values obtained with the use
of an in-house method in male samples.

Sample group A B C D E F
Low SHBG 232 204 149 128 168 172
(10-352) (8-273) (1-117) (1-107) (11-144) (8-119)
Normal SHBG 317 199 165 151 208 232
(12-606) (<1-443) (4-306) (6-255) (3-429) (3-450)
Elevated SHBG 208 204 133 133 205 288
(<1-59) (3-59) (6-50) (9-50) (4-51) (4-127)

Note. SHBG = sex hormone-binding globulin.
Values are means with ranges in parentheses.
* See text for particulars of assay.
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Total testosterone levels in samples of five women with either low, normal, or high sex hormone-binding globulin (SHBG) levels,
assayed by six commercial kits {individual points) and an in-house assay method (individual lines).
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kit E, whose reported lower limit of expected female
values was below that detectable by the assay (<0.03
nmol/L). Of particular concern was the fact that when a
manufacturer produced more than one type of kit (e.g.,
double antibody and coated tube methods), the same ex-

Between-kit variability in the measurement of testosterone
levels in female samples using six different commercial
kits.

Between-kit variability

Sample Mean * SD Percent

Sample group no. (nmol/L) CcvV
Elevated SHBG 1 2616 60
2 0.9 £ 0.6 63

3 0705 69

4 06 =04 69

5 08 *06 75

Normal SHBG 6 26+20 78
7 1.1 £08 75

8 0.7*0.38 106

9 22* 1.6 75

10 34x21 61

Low SHBG 11 45*43 96
12 1720 115

13 26 +25 97

14 2313 57

15 1409 62

Note. SHBG = sex hormone-binding globulin.
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pected range of values usually was reported in both pack-
age inserts, suggesting that a specific attempt to establish
the expected (and presumably normal) range of testoster-
one levels for each assay method had not been made.

The degree of between-kit variability was correlated neg-
atively with the mean (* SD) SHBG level of the sample
analyzed for both female and male samples (although it was
statistically significant only for male samples). This is of
particular concern in the evaluation of patients with hyperan-
drogenism, in whom testosterone values most often are re-
quested, because these patients often have lower circulating
SHBG levels (8).

However, unlike a previous report (7), the mean (*
SD) circulating SHBG level did not appear to affect the
accuracy of the test result (i.e., the degree of deviation
from our in-house results). In fact, two of the manufac-
turers (Incstar and Diagnostic Products Corp.) also had
evaluated the effect of SHBG concentrations on their
testosterone results and had reported no observable effect
in their package inserts.

Finally, in contrast to the degree of between-kit vari-
ability and variance from the results obtained with our
in-house assay, the intraassay variability of commercial
RIA kits (i.e., a measure of assay precision) was accept-
able for most of the kits, although it was higher than that
of the in-house method. As expected, in view of their
lower mean (£ SD) levels and smaller sample numbers,
variances in the female samples were greater than those in
the male samples.
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Percent deviation of testosterone values obtained with the use of commercial assays from the values obtained with the use
of an in-house method in female samples.

Sample group A B C D E F

Low SHBG 189 43 48 22 88 30
(6-329) (1-91) (22-44) (7-39) (47-93) (14-51)

Normal SHBG 89 47 56 35 81 33
(3-151) (24-126) (29-85) (1-75) (1-36) (1-71)

Elevated SHBG 11 64 71 60 83 63
(4-410) (12-152) (58-85) (22-113) (1-24) (19-161)

Note. SHBG = sex hormone-binding globulin.

Values are means with ranges in parentheses.

* See text for assay specifics.

Our results are similar to those obtained a decade ago by =~ References
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