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Abstract
Lack of standardization of high-quality steroid hormone assays is a major deficiency in epidemiologic
studies. In postmenopausal women, reported levels of
serum 17B-estradiol (E2) are highly variable and median
normal values differ by approximately a 6-fold factor.
A particular problem is the use of E2 assays for prediction of breast cancer risk and osteoporotic fractures,
where assay sensitivity may be the most important
factor. Identification of women in the lowest categories
of E2 levels will likely provide prognostic information
that would not be available in a large group of women
in whom E2 levels are undetectable by less sensitive
assays. Detailed and costly methods involving extraction and chromatography in conjunction with RIA provide generally acceptable E2 results in postmenopausal
serum, whereas less tedious, direct immunoassays suffer from inadequate specificity and sensitivity. Studies
comparing the two types of methods generally report
higher E2 values with the direct methods as a result of
cross-reactivity with other steroids and reduced corre-

lation with biological variables such as body mass
index. Similar problems exist with measurements of
E2 and estrone in men, and estrone and testosterone
in women. Interest in mass spectrometry – based assays
is increasing as potential gold standard methods with
enhanced sensitivity and specificity; however, these
assays require costly instrumentation and highly
trained personnel. Taking all of these issues into consideration, we propose establishment of standard pools
of premenopausal, postmenopausal, and male serum,
and utilization of these for cross-comparison of various
methods on an international basis. An oversight group
could then establish standards based on these comparisons and set agreed upon confidence limits of
various hormones in the pools. These criteria would
allow validation of sensitivity, specificity, precision,
and accuracy of current steroid hormone assay methodology and provide surrogates until a true gold standard
can be developed.(Cancer Epidemiol Biomarkers Prev
2007;16(9):1713 – 9)

Introduction
High-quality steroid hormone assays with very good
sensitivity, specificity, and reproducibility are essential
to the validity of epidemiologic studies. Steroid hormone
measurements play a critical role in a variety of studies.
Among these are epidemiologic investigations of many
major diseases, including osteoporotic fracture, cognitive
dysfunction, and hormonally related cancers, including
cancers of the breast, ovary, endometrium, prostate, and
testes. However, epidemiologic studies use many different assay methods with varying performance. This is
evident, for example, in a survey of recent large
epidemiologic studies of bone health in postmenopausal
women (Table 1; refs. 1-6). Use of different assay
methods with varying performance contributes problem-
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atically to inconsistent results and varied interpretations
across epidemiologic studies.
The lack of standardization of high-quality steroid
hormone assays is a major deficiency in epidemiologic
studies, resulting in varying findings in hormone
concentrations and hindering the ability to draw definitive quantitative conclusions. This problem is particularly relevant regarding low levels of steroid hormones
such as 17h-estradiol (E2) and estrone (E1) in postmenopausal women and men, and testosterone in women.
The majority of E2 assays suffer from lack of sufficient
sensitivity, specificity, precision, and/or accuracy. No
gold standard exists to allow objective validation and
cross comparisons among various assays to ensure
maximal quality control. An example in which this
problem is particularly significant is in assessing breast
cancer risk associated with low E2 levels (<30 pg/mL)
in postmenopausal women. To clarify the relation
between endogenous E2 levels and breast cancer risk in
the setting of varied assay methods, limited statistical
power, modest effect estimates, and limited variation
in hormone levels across individual studies, a pooled
analysis of nine epidemiologic studies of endogenous
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postmenopausal hormones and breast cancer risk was
conducted (7). This study highlighted both the approximate 6-fold difference in median values among studies
(range of median values in normal postmenopausal
women, 6.0-37 pg/mL), and the wide range of detection
limits (from 0.8 to 10 pg/mL) for the E2 assay methods
used. Similar issues exist for measurement of serum
levels of E2 and E1 in studies of men with benign
prostatic hyperplasia and prostate cancer.
These discrepancies in assay performance particularly
limit investigations where comparisons of absolute,
rather than relative, values of sex hormone concentrations are needed. Currently, estimating disease risk in
relation to serum sex steroids relies on comparing
relative risks of disease across tertiles or quartiles of
sex steroid concentrations. This epidemiologic approach
relies less on an assay producing accurate measurements
of absolute concentration values. A sex steroid measurement will likely be classified into the correct tertile
or quartile category as long as it is not near the border
of two categories, thereby helping to circumvent assay
inaccuracies. However, direct comparisons of sex hormone data across epidemiologic studies and recommendations about the use of hormone assays in the clinical
setting would be facilitated by the use of assays across
studies that provide both accurate and precise measurements. Determining accurate absolute concentration
values becomes essential, for example, to examine doseresponse relationships with exogenous hormone use or
effects of clinically relevant hormonal threshold levels for
disease outcomes. Current assay limitations potentially
hinder further understanding of the biological significance of serum sex steroids and the ability to make
clinical recommendations about hormonal strategies for
prevention and treatment, based on actual concentration
values. Furthermore, misleading information may be
obtained if no attempt is made to determine how well
assay measurements correlate against those obtained
by a gold standard assay. This is especially true when
commercial kits are used for measuring steroid hormones
in epidemiologic studies. Assays done with such kits are
rarely validated thoroughly by the kit manufacturer.
The purpose of this commentary is to (a) point out the
current limitations of steroid hormone assays using
serum or plasma, particularly in measurements of low
concentrations of endogenous hormones (e.g., E2 or

testosterone in women and E2 in men); (b) provide a
perspective as to potential approaches to assay standardization; and (c) project when standardization of such
assays may be accomplished.

Immunoassay Methods
Extraction/Chromatographic RIAs. Most of our
knowledge about the physiologic and diagnostic role of
steroid hormones in women and men is derived from
studies in which circulating levels of these compounds
were measured by radioimmunoassay (RIA) methods.
The basis for the first RIA method was described in 1959
by Yalow and Berson, who showed that [131I]insulin could
be displaced by nonradioactive insulin from insulinbinding protein, and that [131I]insulin was inversely and
quantitatively related to the total amount of insulin
present (8). Subsequently, specific antisera to human
insulin were prepared and resulted in the first RIA, with
sufficient sensitivity to detect endogenous insulin in
human blood (9). A new era in reproductive endocrinology was launched when Odell et al., in 1967, developed
the first RIAs for luteinizing hormone and folliclestimulating hormone (10), and Abraham developed the
first E2 RIA in 1969 (11). The RIA methodology developed
by Yalow and Berson became highly successful because it
offered a general system for measurement of an
immensely wide range of compounds of clinical and
biological importance.
The first steroid RIA method, which was developed by
Abraham to quantify circulating levels of E2 (11, 12),
consisted of purification of E2 in serum or plasma
samples by organic solvent extraction and column
chromatography, before its quantification by RIA. A
small amount of tritiated E2 was added to the samples
first to correct for procedural losses. Organic solvent
extraction removed the unconjugated steroids, leaving
behind all water-soluble conjugated steroids (sulfates
and glucuronides). Conjugated steroids are present in
considerably higher concentrations than unconjugated
steroids in blood. Thus, conjugated steroids such as
estrone sulfate, dehydroepiandrosterone sulfate, and
androsterone sulfate can cross-react with the antibody
used in an RIA and cause overestimation in the
measurement of a steroid hormone. Column chromatography was used to separate E2 from E1 and other

Table 1. Characteristics of E2 assays used in large epidemiologic studies of bone health in postmenopausal
women
Study

Assay method

Cummings et al., 1998 (1)
Ettinger et al., 1998 (2)

Extraction/chromatographic RIAc

Garnero et al., 2000 (3)
Goderie-Plomp et al., 2004 (4)
Rapuri et al., 2004 (5)
Ettinger et al., 2004 (6)

Extraction/RIA
Direct immunoassayx
Direct immunoassayx
Direct immunoassay{

b

E2 detection
limit (pg/mL)*
5

3
1.3
2.2
1.4

Lowest E2 tertile or
quartile (pg/mL)*
<5 (quartile)

<11 (quartile)
<11 (tertile)
7.1 F 0.14 (tertile)k
<2.7 (quartile)

*Multiply pg/mL by 3.67 to convert to pmol/L.
cEndocrine Sciences, Inc.
bIn-house method.
xDiagnostic Systems Laboratories.
kMean F SD of lowest tertile.
{Diagnostic Products Corporation.
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unconjugated steroids, which include numerous E2
metabolites. The E2 RIA method was validated and
shown to be sensitive, specific, precise, and accurate.
The extraction/chromatographic RIA method developed for E2 was soon adapted to measure other steroid
hormones. In addition, multiple analytes began to be
measured in a relatively small sample volume. For
example, androstenedione, DHEA, testosterone, E2, and
E1 can be measured reliably in 0.6 mL of postmenopausal
serum (13). In the last 35 years or so, the extraction/
chromatographic RIA method has remained essentially
the same and has been used in countless studies, yielding
data that have enriched the field of endocrinology
with new knowledge. In addition, the method has played
an important role in measurements of a variety of
steroid hormones used for diagnostic testing in clinical
laboratories.
Direct Immunoassays. Although the extraction/
chromatographic RIA method is highly reliable under
most circumstances when thoroughly validated, it has
some disadvantages. The method is cumbersome, timeconsuming, and costly. For these reasons, direct RIAs,
which do not incorporate a purification step before
quantification of the analyte, were developed in the late
1970s. Kits that contained the necessary reagents to
perform steroid RIAs became available commercially.
Subsequently, the assay reagents were used in an
instrument so that the assay could be done on an
automated platform. This required replacement of the
radioactive marker used in the assay with a nonradioactive one. Presently, direct immunoassay methods use
chemiluminescent, fluorescent, or enzyme markers for
quantification purposes.
Unlike extraction/chromatographic RIAs, which are
time-consuming, direct immunoassay methods are simple, convenient, rapid, relatively inexpensive, and require less serum (usually only 0.1 mL). However, they
can also have serious disadvantages. They often overestimate steroid concentrations due to lack of specificity
of the antibody. For example, a major contributor to
overestimation of levels in direct E2 and E1 immunoassays is estrone sulfate, which may cross-react substantially with E2 and E1 antisera used in immunoassays.
This limitation is especially important in serum samples
from postmenopausal women who have very low E2 and
E1 levels but relatively high estrone sulfate levels. Also,
matrix differences between the serum sample and
solutions of standards may affect the results. This is
particularly true of samples that are hemolyzed or
lipemic. In addition, certain steroids (e.g., E2 and
testosterone) may not be released efficiently from sex
hormone – binding globulin with the specific reagent
used by the kit manufacturer to accomplish this. This
could underestimate the levels. A particularly important
and largely unrecognized problem is that direct assays
lack sufficient sensitivity and specificity to measure low
levels of steroids such as E2, E1, and testosterone in
serum from postmenopausal women and both estrogens
in male serum.
Evidence showing that certain direct steroid immunoassays carried out with reagents in commercial kits are
not reliable can be found in several studies. In our study,
we evaluated four different commercially available direct
testosterone immunoassay kits and used our extraction/

chromatographic testosterone RIA as a standard for
comparison in 10 premenopausal and 10 postmenopausal women, as well as 10 men (14). Our results show that
the four assays using the kits did generally well for male
serum samples, but samples from premenopausal and
postmenopausal women showed poor accuracy as they
significantly deviated (P < 0.05) from the standard values
based on ANOVA testing and/or showed poor intraclass
correlations (assay correlations in premenopausal samples:
0.20, 0.52, 0.70, 0.71, and in postmenopausal samples:
0.62, 0.64, 0.88, 0.95). Our findings are consistent with
those reported by Taieb et al. (15) who measured serum
testosterone levels in women, men, and children by use
of 10 different direct testosterone immunoassay kits and
by isotope dilution gas chromatography-mass spectrometry (GC-MS). Compared with GC-MS, 7 of the 10 direct
immunoassays overestimated testosterone concentrations in samples from women. The mean testosterone
values measured by the immunoassays were 46% above
those obtained by GC-MS. In samples from men, the
direct immunoassays underestimated testosterone concentrations, giving mean results that were 12% below
those obtained by GC-MS. On the basis of their results,
they concluded that the direct assays were acceptable for
measuring testosterone in male samples, but not in
samples from women or children. In an accompanying
editorial (16) on the article by Taieb et al., the editors
concluded that ‘‘guessing seems to be nearly as good as
most commercially available immunoassays and clearly
superior to some.’’
In the same study in which we evaluated the reliability
of direct testosterone immunoassay kits, we also compared female serum E2 levels in 30 women determined
by direct E2 immunoassay kits to those obtained by our
extraction/chromatographic E2 RIA (14). Again, we
found that the direct immunoassays were unreliable, as
they deviated significantly (P < 0.05) from the standard
values based on ANOVA testing and/or showed poor
intraclass correlation (<0.85 and as low as 0.38). Our
findings were substantiated by Nelson et al. (17), who
showed that not only direct E2 immunoassays, but also
direct E1 immunoassays were unreliable. For comparison, they used a liquid chromatography-tandem MS
(LC-MS/MS) assay for simultaneous measurement of E2
and E1 in female plasma. At low E2 concentrations, two
of the three direct immunoassays showed poor agreement and the third direct immunoassay showed no
agreement with LC-MS/MS. E1 results obtained by direct
RIA correlated moderately well with E1 measured by LCMS/MS (adjusted r 2 = 0.67). However, E1 measurements
obtained by an RIA method that used an organic solvent
extraction step before the RIA showed good to excellent
agreement with LC-MS/MS.
In a pilot study of elderly postmenopausal women
with low E2 levels (<20 pg/mL), we found that three
extraction/chromatographic RIAs were highly correlated
in their E2 measurements, whereas four direct immunoassays were not (18). Table 2 shows a comparison of the
lower detection limits and required serum volumes
among these assays to highlight the variability in assay
performance and feasibility for research studies. The
extraction/chromatographic RIAs resembled more
closely the values obtained with a comparison method
of GC-MS/MS and one another (correlations ranging
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Table 2. An example of differing characteristics among E2 indirect and direct immunoassays
Assay method
b

GC-MS/MS
Extraction/
chromatographic RIAx
Extraction only RIAk
Extraction/
chromatographic RIA{
Direct RIA**
bb
Direct RIA
Direct immunoassayxx
Direct immunoassaykk

E2 detection
limit (pg/mL)

Serum volume
required (mL)

Correlation coefficient
(95% CI) with GC-MS/MS*

Correlation coefficient
c
(95% CI) with GC-MS/MS

0.6
2.0

1.0
1.0

—
0.88 (0.79-0.94)

—
—

0.8
1.8

0.5
0.5{

0.94 (0.88-0.97)
0.91 (0.82-0.95)

1.4
2.2
5.0
2.7

0.2
0.2
0.3
0.07

0.83
0.70
0.57
0.71

(0.70-0.91)
(0.49-0.83)
(0.31-0.75)
(0.50-0.84)

0.89 (0.81-0.93)
—
cc

0.65

(0.52-0.76)
—
—
—

*Reference 18 is a pilot study in 40 postmenopausal women.
cReference 18 is a confirmatory study in 374 postmenopausal women.
bSFBC Taylor Technologies, Inc.
xEsoterix Endocrinology, Inc.
kRoyal Marsden Hospital Research Laboratory (M. Dowsett).
{University of Southern California research laboratory (F.Z. Stanczyk); 0.8 mL serum used in ref. 19.
**Diagnostic Products Corporation.
ccCorrelation significantly different from that between RIA and GC-MS/MS (P < 0.01).
bbDiagnostic Systems Laboratories.
xxRoche Diagnostics, Inc.
kkOrtho-Clinical Diagnostics.

from 0.82 to 0.94) than did the direct immunoassay kits
(correlations ranging from 0.38 to 0.83). A confirmatory
study compared the direct immunoassay and the
extraction-based RIA, which correlated best with GCMS/MS in the pilot study, to GC-MS/MS in a larger
sample of 374 older postmenopausal women not taking
hormone therapy (18). The direct immunoassay correlated
significantly weaker (P < 0.01) with GC-MS/MS than did
the extraction-based RIA (Table 2). Another recent study
compared very low E2 concentrations using RIA with a
preceding extraction step and two direct immunoassays
in women who, as a result of taking an aromatase
inhibitor, had very low circulating E2 levels (19). At least
70% of the E2 measured by the two direct assays were
estimated to be an artifact. Furthermore, adding a
preextraction step to the use of the direct assays led to
measurements resembling those from the extraction-only
RIA. In the latter study, it was concluded that the use of
direct assays alone ‘‘is inappropriate and is likely to give
aberrant guidelines.’’
In some instances, direct immunoassays may be
preferred to RIAs with preceding purification steps. For
example, measurement of endogenous levels of conjugated steroids, such as estrone sulfate, dehydroepiandrosterone sulfate, and 3a-androstanediol glucuronide
by direct immunoassay can provide valuable data in
breast cancer or prostate cancer studies, due to the
relatively high concentrations of these compounds in
blood. Use of direct immunoassays for measuring those
hormones has a big advantage in providing data simply
and rapidly. If a conventional RIA is used to quantify the
same hormones, it is essential to split (by hydrolysis) the
sulfate or glucuronide group off the molecule and then
measure the unconjugated moiety. Such an assay is very
cumbersome because it is essential first to remove the
unconjugated steroid in the sample by organic solvent
extraction, and then to hydrolyze the sulfate or glucuronide group off the molecule, using an enzyme (for
estrone sulfate and 3a-androstanediol glucuronide) or

acidic conditions (for dehydroepiandrosterone sulfate).
After that, another organic solvent extraction step is
required, followed by chromatography and quantification by RIA. Due to the multiple steps that are involved
in such assays, procedural losses are often high. In
addition, because the unconjugated steroid is being
measured after hydrolysis of the conjugated steroid, a
correction is often made to account for the difference in
molecular weight between the conjugated and unconjugated steroid. Thus, in this case, a properly validated
direct immunoassay is preferred over the conventional
RIA. However, the best method for measuring a
conjugated steroid is by a MS assay, because the entire
molecule can be measured with high specificity and
precision.

MS Assay Methods
In recent years, there has been a growing interest in
standardization of steroid hormone measurements. It is
generally accepted that to accomplish this, the best
method to use is a GC-MS/MS or LC-MS/MS assay.
GC-MS/MS and LC-MS/MS methods are powerful
analytic techniques that combine the resolving power
of GC or LC with the high sensitivity and specificity of
the mass spectrometer. The mass spectrometer functions
as a unique detector that provides structural information
on individual analytes as they elute from the GC or LC
column. The MS technique first involves ionization of the
analyte at the ionization source. This is followed by
separation and detection of the ions in the mass analyzer.
A mass spectrum is produced in which the relative
abundance of a particular ion is plotted as a function of
the mass-to-charge ratio, and the concentration of the
analyte is then obtained. MS/MS involves use of a
collision cell in which the ion of interest (precursor ion)
undergoes collision-induced fragmentation into product
ions. The mass of the product ion is then determined at
the detector.
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There is a paucity of data comparing serum steroid
hormone levels measured by RIA and MS assay
methods. However, in the randomized clinical trial
involving 374 postmenopausal women (18), we found
that the extraction/chromatographic RIA [r = 0.50; 95%
confidence interval (95% CI), 0.40-0.59] and GC-MS/MS
(r = 0.52; 95% CI, 0.43-0.61) correlated better with body
mass index (BMI), a biological indicator of estrogen, than
the direct immunoassay (r = 0.29; 95% CI, 0.15-0.41;
P = 0.01). The extraction/chromatographic RIA (r = 0.89;
95% CI, 0.81-0.93) correlated more closely with GC-MS/
MS than did the direct immunoassay (r = 0.65; 95% CI,
0.52-0.76; P < 0.01). Consistent with these findings, the
correlation between the direct immunoassay and the
extraction/chromatographic RIA was 0.66 (95% CI,
0.54-0.75). The extraction/chromatographic RIA also
correlated better on retest with GC-MS/MS than did
the direct assay. Two commercial laboratories have
shown that there is a good correlation between extraction/chromatographic RIAs and LC-MS/MS assays
(20-22). However, steroid hormone levels obtained by
GC-MS/MS or LC-MS/MS assays are generally lower
than corresponding values achieved by RIAs, presumably due to the greater specificity of the former assays
(20-23). New reference ranges will be required for steroid
hormones measured by MS methods.
LC-MS/MS and GC-MS/MS methodologies have the
capability for achieving not only high sensitivity and
specificity, and measurement of multiple analytes in a
small sample volume, but also high throughput of
samples. MS assays are considered to become the gold
standard for steroid hormone measurements. However,
presently, the use of this method has been restricted to
a relatively small number of laboratories. This is due to
the high cost of the mass spectrometer, the requirement
for a highly trained individual to operate the instrument,
and the time required to develop assays for a variety of
steroid hormones. Nevertheless, the initial cost of the
instrumentation and assay development can be offset by
the relatively rapid turnaround time of highly accurate
steroid measurements, compared with the costly, cumbersome, and time-consuming extraction/chromatography
RIA methodology.
Another very important advantage of MS assays is that,
eventually, profiles of steroid hormones will be measured
in a single aliquot of serum. Presently, this can be done
with urinary estrogens. Recently, Xu et al. (24) developed
a LC-MS/MS assay for measuring the absolute quantities
of 15 endogenous estrogens in urine obtained from
premenopausal or postmenopausal women and from
men. The method requires a single hydrolysis/extraction/derivatization step before quantification by LC-MS/
MS and uses only 0.5 mL of urine. Although this method
is promising, it needs to be extended to serum for
measurement of principal estrogens and androgens and
their metabolites in women and men.

Sensitivity of E2 Assay Methods
For measurements of E2 in postmenopausal women,
sensitivity is an important issue due to the extremely low
serum E2 levels found in a substantial number of these
women. For example, in an important study on the
association between low endogenous levels of serum E2
and risk of hip and vertebral fractures among normal

postmenopausal women, 81 of 247 subjects had undetectable E2 levels, using an extraction/chromatographic
RIA method with a level of sensitivity of 5 pg/mL (1).
Accurate measurements of such low levels of E2 might be
important for prediction of risk of fractures (1), response
to antiestrogens for prevention of breast cancer (25), and
degree of E2 suppression in women receiving aromatase
inhibitor therapy (26).
To enhance assay sensitivity, in vitro recombinant
DNA bioassays, with sensitivities ranging from 0.02 to
1 pg/mL, have been developed (27, 28). These assays
detected 2- to 3-fold lower mean levels of E2 than the
extraction/chromatographic RIA method done on the
same samples in normal postmenopausal women. For
example, E 2 values were 1.95 F 0.52 pg/mL by
ultrasensitive yeast bioassay and 5.90 F 1.40 pg/mL by
extraction/chromatographic RIA in postmenopausal
women with breast cancer (28). Also, the cell bioassay
detected mean values of 3.23 F 2.96 pg/mL versus
11.9 F 12.0 by extraction-only/RIA in 30 normal
postmenopausal women (28). However, the correlations
between the E2 values with the two methods were
excellent (r = 0.84, r = 0.79). It is not known whether
these bioassays more truly reflect circulating values or
are subject to artifactual influences that lower the levels
detected. Notwithstanding this issue, the ultrasensitive
bioassays are too cumbersome for routine use and are
relegated to research laboratories for special tasks such as
assessing small increments of E2 absorption from the
vagina (29).
An important question then is whether extraction/
chromatographic RIA or MS assay methods are more
sensitive for measurement of E2 in the lowest quartile
samples. One GC-MS/MS assay has a level of sensitivity
of 0.6 pg/mL and detected E2 in all 30 samples from
normal postmenopausal women and 45 samples from
postmenopausal women with breast cancer (30). Our
recent review examined seven different RIAs that had
detection limits ranging from 0.8 to 5 pg/mL (Table 2;
ref. 18). These observations suggest that MS methods
might have superior operating levels of sensitivity for
measurement of samples with low E2 levels, where
enhanced sensitivity is important. Further study is
needed to directly compare the sensitivities of various
extraction/chromatographic RIA methods with both
GC-MS/MS and LC-MS/MS assay methods in this
subgroup of postmenopausal women.

Standardization of Steroid Hormone Assays in
Serum/Plasma
In the absence of an established gold standard against
which to standardize steroid hormone assay methods,
use of criterion-related validity testing, when possible,
may be an additional practical approach to evaluate
extraction/chromatographic RIAs, direct immunoassays,
or MS assays. For example, BMI is a biological variable
known to be significantly correlated with E2 levels. We
compared low E2 measurements by different assay
methods with BMI in our recent studies of elderly
postmenopausal women (18). GC-MS/MS and extraction/
chromatographic RIAs correlated best and comparably
with BMI, whereas direct immunoassays correlated less
well with BMI. The data suggest that perhaps a
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correlation of >0.5 between BMI and low E2 measurements by an assay method may be a useful criterion in
evaluating and choosing an E2 assay method. Further
studies are needed to confirm this.
Investigators planning epidemiologic studies with
steroid hormone measurements would benefit from
conducting run-in pilot tests before committing large
samples to a chosen assay. Such pilot tests would
evaluate a selected assay or several possible assays
against more than one reference criterion, such as MS
and BMI, for accuracy and reliability. However, this is
not sufficient for ultimate accuracy because variation
often occurs over time in the course of a study, which
may ultimately compromise study results.
As stated earlier, there seems to be general agreement
that MS assays will become the gold standard for steroid
hormone measurements. However, currently, there is a
misconception that whenever current MS methods are
used to quantify a steroid hormone, the resulting value
is very accurate and is obtained by the gold standard.
It is important to realize that interlaboratory differences
exist in steroid hormone concentrations measured by
MS assays. This is due to the fact that conditions used to
perform the assay may vary from laboratory to laboratory. Assay conditions that can affect the measurements
include derivative preparation, type of internal standard,
calibrator purity, and type of instrumentation. Thus, to
standardize MS assays for measurement of steroid
hormones, it is essential that assay conditions (reagents,
instruments, and procedure) be the same in all laboratories involved in standardizing an assay. In addition, it
is essential to minimize intra-assay and intralaboratory
variability. Assay standardization will require a great
effort by participating laboratories.

Recommended Approach to Assay Standardization
We recommend establishment of standard pools of
serum/plasma with levels of commonly measured
steroid hormones to allow cross-comparison between
assay methods on an international basis. The first step
would be assessment of steroid levels in the pools by
validated GC-MS/MS and LC-MS/MS assays in a
centralized laboratory, overseen by a group similar to
the College of American Pathologists, but much more
stringent. This is especially important and urgent now
that major clinical diagnostic laboratories, such as Quest
Diagnostics’ Nichols Institute and Esoterix, have converted most of their steroid hormone assays from
extraction/chromatographic RIAs to LC-MS/MS assays.
This change has affected the reference ranges for steroid
hormones in those laboratories. Therefore, it will be
essential to have standard serum/plasma steroid hormone pools available for cross-comparison of different
assay methods. A centralized laboratory overseeing such
a comparison would move the field of steroid hormone
research forward. Investigators should express their
support for such a laboratory at scientific meetings and
in scientific journals.
For validation of individual assays, whether using
direct immunoassay, extraction-only RIA, extraction/
chromatographic RIA, or MS assay methods, it will be
necessary to determine agreed upon confidence limits
related to measurements of different steroid hormones in
standard pools. This criterion would allow validation of

sensitivity, specificity, precision, and accuracy of current
steroid hormone assay methodology and would provide
a surrogate for a true gold standard. The Endocrine
Society in conjunction with the Center for Disease
Control is currently exploring this concept and should
be strongly encouraged to establish such a program (31).
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