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The steroid hormones are synthesized in the adrenal cortex, the gonads, and the placenta; are
all derived from cholesterol and many are of clinical importance. Steroid hormones are
synthesized in the mitochondria and smooth endoplasmic reticulum. Because they are
lipophilic, they cannot be stored in vesicles from which they would diffuse easily and are
therefore synthesized when needed as precursors. Upon stimulation of the parent cell,
steroid hormone precursors are converted to active hormones and diffuse out of the parent
cell by simple diffusion as their intracellular concentration rises.

Because all steroid hormones are derived from cholesterol, they are not soluble in plasma
and other body fluids. As a result, steroids are bound to transport proteins that increase their
half-life and insure ubiquitous distribution. The protein-bound steroids are in equilibrium
with a small fraction of free steroids, which are ‘active.’ Steroids can act quickly, by binding
to cell surface receptors, or slowly, by binding to cytoplasmic or nucleic receptors and
ultimately activate gene transcription.

The adrenal glands are composed of the adrenal medulla and the adrenal cortex. The adrenal
cortex is divided into three major anatomic zones: the zona glomerulosa, which produces
aldosterone; and the zonae fasciculata and reticularis, which together produce cortisol and
adrenal androgens. The medulla synthesizes catecholamines. More than 30 steroids are
produced in the adrenal cortex; they can be divided into three functional categories:
mineralocorticoids, glucocorticoids, and androgens.

The steroids that are made almost exclusively in the adrenal glands are cortisol, 11-
deoxycortisol, aldosterone, corticosterone, and 11-deoxycorti-costerone. Most other steroid
hormones, including the estrogens, are made by the adrenal glands and the gonads [1].
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Mineralocorticoids
The mineralocorticoids are formed in the zona glomerulosa. The main function of the
mineralocorticoids is to promote tubular reabsorption of sodium and secretion of potassium
and hydrogen ions at the collecting tubule, distal tubule, and collecting ducts [2]. When
sodium is reabsorbed, water is absorbed simultaneously. The absorption of sodium and
water increases fluid volume and arterial pressure.

Aldosterone is the most potent mineralocorticoid and accounts for about 90% of the total
mineralocorticoid activity. Mineralocorticoid potency in descending order is: aldosterone,
11-deoxycorticosterone, 18-oxocortisol, corticosterone, and cortisol [1]. Although cortisol
has mainly glucocorticoid activity, it also has some mineralocorticoid activity. Cortisol has
1/400 of the potency of aldosterone, but its concentration is about 80 times greater than that
of aldosterone [4]. The adrenal production of cortisol is approximately 25 mg/day and that
of aldosterone is 100μg/day. Corticosterone has mainly glucocorticoid activity and some
mineralocorticoid activity.

Aldosterone secretion is regulated primarily by the renin-angiotensin system; it also is
stimulated by increased serum potassium concentrations. Hyperkalemia and angiotensin II
cause an increase in aldosterone. To a lesser degree, elevated sodium concentration
suppresses aldosterone secretion and corticotropin allows aldosterone secretion.

Glucocorticoids
The glucocorticoids are produced primarily in the zona fasciculata. The glucocorticoids
affect metabolism in several ways. Glucocorticoids stimulate gluconeogenesis and decrease
the glucose use by cells. Cortisol reduces protein stores in all cells of the body, except the
liver, and increases protein synthesis in the liver. Cortisol also increases amino acids in the
blood, decreases transport of amino acids into extrahepatic cells, and increases transport of
amino acids into hepatic cells. Cortisol mobilizes fatty acids from adipose tissue, increases
free fatty acids in the plasma, and increases free fatty acid use for energy. Cortisol, the most
clinically important glucocorticoid, accounts for about 95% of all glucocorticoid activity [3].
Corticosterone accounts for a small, but significant, amount of the total glucocorticoid
activity. Cortisol secretion is regulated almost entirely by corticotropin, which is secreted by
the anterior pituitary gland in response to corticotropin-releasing hormone (CRH) from the
hypothalamus. Serum cortisol inhibits secretion of CRH and corticotropin, which prevents
excessive secretion of cortisol from the adrenal glands. Corticotropin stimulates cortisol
secretion and promotes growth of the adrenal cortex in conjunction with growth factors,
such as insulin-like growth factor (IGF)-1 and IGF-2. There is a circadian rhythm to cortisol
secretion; the highest cortisol levels occur about 1 hour before arising. Stress, pain, and
inflammation cause increased cortisol production.

Androgens
The term “androgen” refers to any steroid hormone that has masculinizing effects. In men,
androgens are responsible for the development of secondary sexual characteristics. The
androgens play a less important role in women; however, the adrenal androgens are
responsible for much of the growth of pubic and axillary hair. Testosterone is the major
androgen. Androgens are produced in the adrenal glands and the gonads. In men, about
100μg/day of testosterone is made by the adrenals and about 7000μg/day is made by the
testes [1]. In women, 50% to 60% of the testosterone is derived from androstenedione
conversion in peripheral tissues, 30% is produced directly by the adrenals, and 20% is
produced by the ovary [4].
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The adrenal androgens are formed primarily in the zona reticularis. Dehydroepiandrosterone
(DHEA) is the principal steroid that is produced by the adrenal glands. Sulfation of DHEA
produces DHEA sulfate (DHEA-S). Adrenal androgens are moderately active male sex
hormones. Some of the adrenal androgens are converted to testosterone. The mechanism of
stimulation of androgen secretion from the adrenals is not well understood. Adrenarche is
the maturation of the adrenals, which causes an increase in these androgens and occurs
between age 5 and 20 [5]. Adrenarche, therefore, begins well before puberty. Adrenal
androgen secretion is regulated partially by corticotropin but also by other unknown factors.

The testes secrete testosterone, dihydrotestosterone (DHT), and androstenedione. Gonadal
production of androgens is controlled by hypothalamic secretion of GnRH, which causes the
anterior pituitary to release follicle-stimulating hormone (FSH) and luteinizing hormone
(LH). Testosterone is secreted by the Leydig cells of the testes in response to LH
stimulation. Most of the testosterone is converted to the more active DHT in the target
tissues.

Estrogens and progestins
In women, the main function of estrogens is to promote proliferation and growth of specific
cells in the body that are responsible for the development of most of the secondary sexual
characteristics. The progestins are responsible for the preparation of the uterus for pregnancy
and the breasts for lactation. In men, estrogens and progestins usually do not play a
clinically significant role in the development of sexual characteristics. In women, estrogens
and progestins are derived from the adrenal gland or the gonad. In women who have intact
ovaries, the adrenal contribution to circulating estrogens is insignificant. Estrogens and
progestins are secreted in differing rates during the different parts of the female menstrual
cycle. Estradiol is the prominent ovarian estrogen; estrone and estriol are two other
estrogens. Estradiol is 12 times as potent as estrone and 80 times as potent as estriol [3].
Estrone is made in small amounts by the ovaries, but mostly is formed by peripheral
conversion from androgens. Estriol is mainly a metabolite of estrone and estradiol in
nonpregnant women. In pregnancy, however, estriol is the major estrogen of the placenta.
DHEA-S from the fetal adrenal glands is converted to estriol by the placenta.

The major progestin is progesterone; a minor progestin is 17-hydroxy-progesterone. In the
first half of the menstrual cycle, small amounts of progesterone are produced—about half
from the ovaries and about half from the adrenal cortex. Larger amounts of progesterone are
secreted in the latter half of the menstrual cycle by the corpus luteum. Men produce a small
amount of estrogens (about 1/5 that of a nonpregnant woman). The Sertoli cells convert a
small amount of testosterone to estrogen. Also, estrogens are formed from testosterone and
androstenediol peripherally in the liver.

Transport and fate of steroid hormones
Cortisol combines with cortisol-binding globulin (CBG) and albumin. About 3% to 10% of
cortisol is free, 80% to 90% is bound to CBG, and 5% to 10% is bound to albumin [6,7].
Only the free portion of cortisol is active. Some clinical situations can cause an increase or
decrease in the CBG. For example, an increase in estrogens or in thyroid hormone can cause
an increase in the CBG. Alternately, hypothyroidism, increased androgens, acute stress, and
nephrotic syndrome can cause a decreased CBG. A change in the amount of CBG affects the
total cortisol level, but not the free cortisol level. Also, cortisone, corticosterone, 11-
deoxycorticosterone, progesterone, and 17-hydroxyprogesterone bind to CBG [1].
Aldosterone, in contrast, is bound loosely to CBG, albumin, and red blood cells so that about
50% of aldosterone is free. DHEA and androstenedione are bound weakly to albumin;
DHEA-S is bound tightly to albumin. Testosterone and estradiol are bound to sex hormone–
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binding globulin (SHBG), which is sometimes referred to as testosterone binding globulin.
About 60% to 75% of serum testosterone is bound to SHBG, about 20% to 40% is bound to
albumin, and 1% to 2% is free [4]. The decreasing order of affinity for SHBG is: DHT,
testosterone, androstenediol, estradiol, and estrone [1]. Androstenedione and DHEA are
bound weakly to albumin. Estrogen, diabetes mellitus, hyperthyroidism, and cirrhosis can
cause an increase in SHBG, whereas testosterone and age can cause a decrease in SHBG [8].
Cortisol and aldosterone either become fixed in the target tissue or degraded in the liver.
About 25% of the degraded steroid is excreted in the bile and then feces and about 75% is
excreted in the urine [3]. The half-life of cortisol is 60 to 100 minutes. The half-lives of
aldosterone, DHEA, androstenedione, testosterone, and estradiol are less than 20 minutes.
The half-life of aldosterone is less than 15 minutes. Unmetabolized cortisol accounts for
about 0.1% of the total urinary cortisol metabolites [1].

Selected clinical abnormalities of steroid hormones
Primary hyperaldosteronism

Primary hyperaldosteronism occurs in about 2% of patients who have hypertension. The
most common cause of primary hyperaldosteronism is an aldosterone-producing adenoma
that also is known as Conn’s syndrome. Other causes are idiopathic hyperaldosteronism,
primary adrenal hyperplasia, dexamethasone suppressible hyperaldosteronism, and adrenal
cortical carcinoma. Primary hyperaldosteronism is distinguished from other causes of
hyperaldosteronism by a high plasma aldosterone (PA) level and a low plasma renin activity
(PRA). A low PRA and low PA are seen in patients who have a real or apparent
mineralocorticoid excess that is not caused by aldosterone (caused by 11-β-hydroxylase
deficiency, 17-hydroxylase deficiency, Liddle syndrome, 11-β-hydroxysteroid
dehydrogenase deficiency, or licorice ingestion). A high PRA and high PA suggest
secondary hyper-aldosteronism. Secondary hyperaldosteronism with hypertension can be
caused by renal artery stenosis, a renin-secreting tumor, malignant hypertension, or chronic
renal disease. Secondary hyperaldosteronism with nor-motension can be caused by renal
disorders (eg, renal tubular acidosis or Barters syndrome), diuretic or laxative use, cirrhosis,
congestive heart failure, vomiting, and familial chloride diarrhea.

Measurement of aldosterone concentration by itself is not a useful screening test because
there is overlap between primary hyperaldosteronism, secondary hyperaldosteronism, and
essential hypertension. To evaluate for primary hyperaldosteronism, the ratio of PA:PRA is
used. Measurement of the ratio of PA:PRA is performed ideally when the patient is not
taking any medications (especially diuretics, ace inhibitors, and β-blockers) for 2 to 4 weeks
before testing and after 2 hours of standing. Although there is some disagreement, a ratio of
PA (ng/dL) to PRA (ng/mL/hour) of greater than 25 is suggestive primary
hyperaldosteronism; a ratio of greater than 50 is diagnostic of primary hyperaldosteronism
[9].

After a diagnosis of primary hyperaldosteronism is suspected based on the ratio of PA:PRA,
the usual next step is confirmatory testing to demonstrate the autonomy of aldosterone
secretion. This can be performed by giving two liters of saline over 4 hours and looking for
possible aldosterone suppression. If the aldosterone level suppresses to less than 5 ng/dL this
is considered normal. If the aldosterone level remains greater than 10 ng/dL, this confirms
the diagnosis of hyperaldosteronism [9].

Adrenal insufficiency
Lack of cortisol can be caused by an inability of the adrenal glands to produce cortisol
(primary adrenal insufficiency) or by lack of CRH or corticotropin (secondary or tertiary
adrenal insufficiency). In primary adrenal insufficiency (Addison’s disease) there is
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deficiency of cortisol and aldosterone. In secondary and tertiary adrenal insufficiency, the
adrenal glands are able to make aldosterone (because of intact stimulation of the adrenal
glands by angiotensin II) but not cortisol. Primary adrenal insufficiency has several causes,
including autoimmune disease; adrenal hemorrhage; HIV; or infiltration of the adrenals by
tuberculosis, sarcoidosis, or amyloidosis. Causes of secondary or tertiary adrenal
insufficiency are infiltration of the anterior pituitary or hypothalamus by
craniopharyngioma, pituitary adenoma, metastasis, sarcoidosis, or tuberculosis or by
suppression of corticotropin by long-term steroid use.

Chronically, adrenal insufficiency can manifest with weakness, fatigue, anorexia, nausea,
abdominal pain, and diarrhea. Hyponatremia can be present in any form of adrenal
insufficiency. Hyperkalemia can be present in primary adrenal insufficiency because of the
lack of aldosterone. In acute adrenal insufficiency, patients may be hypotensive from
decreased vascular tone, decreased cardiac output, and relative hypovolemia. If untreated,
adrenal insufficiency can lead to coma and death.

Evaluation of adrenal insufficiency usually is performed by measurement of serum cortisol.
Because of the diurnal pattern of cortisol secretion, random cortisol levels are of little value.
In a critically ill patient, a serum cortisol level of greater than 18μg/dL usually is considered
adequate. In the outpatient setting, the preferred tests are either a morning cortisol or a
corticotropin-stimulation test. A morning cortisol level of less than 3μg/dL is diagnostic of
adrenal insufficiency and a morning cortisol level of greater than 18μg/dL rules out adrenal
insufficiency. Morning serum cortisol levels that are between 3μg/dL and 18μg/dL can be
evaluated by a corticotropin-stimulation test [10].

During a corticotropin-stimulation test, 250μg of synthetic cosyntropin is given
intravenously (or intramuscularly); cortisol levels are measured at baseline, at 30 minutes,
and at 60 minutes [10]. A peak cortisol value of 18 to 20μg/dL or greater usually is used to
rule out adrenal insufficiency. If acute secondary adrenal insufficiency is suspected, another
type of stimulation test, such as a CRH-stimulation test, must be used to rule out adrenal
insufficiency. Complicating factors in the evaluation of serum cortisol levels during acute
stress are that the albumin and CBG may decrease. Therefore, the total serum cortisol may
be decreased even if the level of free (active) cortisol is unchanged [11] Methods have been
developed for measuring serum free cortisol; however, they are technically demanding,
expensive, and are not readily available [12]. A ratio of cortisol:CBG has been proposed to
determine a free cortisol index that is proportionate to the serum free cortisol [13].

Cushing’s syndrome
The syndrome of persistent and inappropriate excess cortisol is called “Cushing’s
syndrome.” Excess cortisol can be caused by exogenous glucocorticoids, excess production
of cortisol by the adrenal glands (by an adrenal adenoma, carcinoma, or nodular
hyperplasia), or excess production of corticotropin or CRH. Corticotropin can be produced
by the anterior pituitary gland or by an ectopic source, such as bronchial carcinoid or small
cell lung cancer. Likewise, ectopic production of CRH can be produced by bronchial
carcinoid, medullary thyroid cancer, or metastatic prostate cancer. Clinical manifestations of
excess cortisol include hypertension, diabetes mellitus, androgen-type hirsutism, irregular
menses, weight gain, ecchymoses, myopathy, osteopenia, truncal obesity, and purple striae.

Diagnostic evaluation for Cushing’s syndrome usually begins with a screening test.
Difficulties with screening tests for Cushing’s syndrome include a high false-positive rate.
Only patients who have suspected Cushing’s syndrome should be screened (ie, patients who
have central obesity, facial plethora, proximal muscle weakness, purple striae, and so forth).
A 24-hour urine measurement of free cortisol is a sensitive (95%–100%) and specific (98%)
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screening test [14]. Alternately, a 1-mg overnight dexamethasone suppression test often is
used for screening purposes. In this test, 1 mg of dexamethasone is taken orally at 10 pm or
11 pm and a cortisol level is obtained at 8 am the next morning [14]. Although there is some
disagreement in the literature, a serum cortisol level of less than 5μg/dL rules out Cushing’s
syndrome. If the diagnosis of Cushing’s syndrome is suggested or ambiguous after screening
tests are performed, then further testing should be performed. A newer technique for
evaluating Cushing’s syndrome is the measurement of salivary cortisol levels. Because the
serum free cortisol diffuses freely into saliva, the salivary cortisol reflects the serum free
cortisol level [15]. Saliva can be collected at various times of the day as an outpatient, which
allows serial cortisol measurements without performing serial blood draws [16].

Disorders of gonadal function
Tests of gonadal function are most commonly performed in men for hypogonadism and in
women for menstrual disorders, hirsutism, and virilization. Usually, LH and FSH are
measured along with the androgens or estrogens to help determine the cause of the problem.

There are many causes of male sexual dysfunction. One of the causes is a disorder of the
hypothalamic-pituitary-gonadal axis. A good screening test is measurement of serum total
testosterone level in the morning. A total serum testosterone measurement of less than 300
ng/dL usually is indicative of hypogonadism [17]. FSH and LH can be measured
simultaneously to help determine the cause of the disorder.

About 5% to 10% of women of reproductive age have some symptoms of hyperandrogenism
(hirsutism, acne, or menstrual dysfunction). Most symptoms are secondary to polycystic
ovarian syndrome or idiopathic hirsutism. A small percentage of cases of hyperandrogenism
has a more pathologic cause, such as androgen secreting ovarian or adrenal tumors, pituitary
tumors, Cushing’s syndrome, or late-onset congenital adrenal hyperplasia. The best test to
rule out an androgen-secreting tumor is a serum total testosterone and a serum DHEA-S. If
the total testosterone is less than 150 to 200 ng/dL and the DHEA-S is less than 800 to
900μg/dL there is less likelihood of an androgen secreting tumor [18].

Congenital adrenal hyperplasia
Congenital adrenal hyperplasia (CAH) is another clinical disease that affects the levels of
steroid hormones that are produced by the adrenal cortex. Congenital adrenal hyperplasia is
a group of inherited diseases that result in defective activity of one of five enzymes in the
adrenal cortex. The defective enzyme leads to decreased production of cortisol, and,
therefore, an increased production of corticotropin, excess production of hormones proximal
to the enzyme defect, and glandular enlargement.

The two most common types of CAH are 21-hydroxylase deficiency (defect in the
p450c21enzyme) and 11-β-hydroxylase deficiency (defect in the p450c11 enzyme). More
than 90% of cases of CAH are caused by 21-hydroxylase deficiency; there is a classic form
and a nonclassic form. In the classic form of salt-wasting 21-hydroxylase deficiency CAH,
girls are born with ambiguous genitalia and boys and girls may have Addisonian crisis and
hypotension. In simple virilizing 21-hydroxylase CAH, girls express ambiguous genitalia
but do not experience Addisonian crisis. Boys who have 21-hydroxylase CAH are not
ambiguous. Untreated male nonsalt losers present with precocious puberty. Like girls who
have salt-losing 21-hydroxylase CAH, boys present with Addisonian crisis in the first few
weeks of life. The frequency of CAH is about 1 in 14,000 [19].

The nonclassic form of 21 hydroxylase deficiency is more common (1 in 100) and presents
at puberty in girls who have signs of excess androgen [20]. A deficiency in 21-hydroxylase
causes an increase in the hormone 17-hydroxyprogesterone, as well as excess testosterone
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and DHEA-S. A 17-hydroxyprogesterone level of less than 200 ng/dL at 8 am excludes the
diagnosis in nonclassic 21-hydroxylase deficiency [21]. 21-hydroxylase deficiency is
diagnosed by looking for an increase in 17-hydroxyprogester-one from baseline to 60
minutes during a corticotropin-stimulation test [21].

The next most common form of CAH is 11-β-hydroxylase deficiency (1 in 100,000) [22].
Like 21 hydroxylase deficiency, 11-β-hydroxylase deficiency presents in newborn girls with
ambiguous genitalia. 11-β-hydroxylase deficiency presents with sodium retention, volume
expansion, and hypokalemia from increased amounts of the mineralocorticoid 11-
deoxycorticosterone.

Methods of measurement
Immunoassays (IAs) are among the most sensitive and precise analytical methods; however,
recent studies [23–36] showed that many immunoassays lack specificity as a result of cross-
reactivity. Furthermore, results from the College of American Pathologists Proficiency
Testing Program for the year 2002 (Y-survey) [36] clearly showed that the antibodies that
are used in the commercially available immunoassays for steroids lack specificity. Table 1
gives the mean “low” and “high” values for each steroid using the different immunoassays
that are available; the data strongly illustrate their lack of specificity. In the past, steroids
usually were analyzed individually, using gas chromatography-mass spectrometry (GC-MS)
or immunoassay. GC-MS is sensitive and specific, but requires tedious and time-consuming
sample preparation, whereas it is clear that immunoassays lack specificity. Liquid
chromatography-mass spectrometry (LC-MS) and liquid chromatography-tandem mass
spectrometry are specific and offer simpler approaches to sample preparation without
sample derivatization steps. Recently, several LC-MS–based methods that use different ion
sources were reported for the determination of the following steroid hormones: testosterone
[37–39], cortisol [40–44], 11-deoxycortisol [45], androstenedione [38,39], DHEA [46],
DHEA-S [38,46], progesterone [47], 17-hydroxyprogesterone [48], estriol [49], and
estradiol [38,49].

Before the advent of the atmospheric pressure photoionization (APPI) ion source [50], the
LC-MS–based methods used an atmospheric pressure chemical ionization (APCI) or
electrospray ionization (ESI) source. Without multi-step sample preparation procedures, the
APCI source usually cannot provide adequate sensitivity for some steroids, such as estradiol
and DHEA, in human serum. The ESI source is considered to be more sensitive than the
APCI source for polar compounds. For the nonpolar or low polar compounds, such as most
steroid molecules, the sensitivity that is provided by the ESI source is less satisfactory
[44,48] than the APCI source. The more recently introduced APPI source is significantly
more sensitive than APCI for certain compounds [50]. Alary [51] used APPI-tandem mass
spectrometry for the detection of steroids in biologic matrices. In selected ion monitoring
mode and multiple reaction monitoring (MRM) mode, the signal that was obtained by
photoionization was more intense by a factor of 3 to 10 when compared with the APCI
source.

Because of the high sensitivity that is provided by the APPI source for steroids, we
hypothesized that stable isotope dilution tandem mass spectrometry in the MRM mode
would allow for the rapid simultaneous quantitation of numerous steroids in a single sample.
We recently measured nine steroids in a 760μL sample of serum or plasma simultaneously,
without derivatization and with minimal sample work-up and acetonitrile protein
precipitation (unpublished data). The reliability of the method was evaluated by correlation
with currently used immunoassays (Table 2) and assessment of within-day and between-day
imprecision, recovery, and accuracy. Comparison of results that were obtained by tandem
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mass spectrometry with the all-method mean [36] in the CAP PT Program also was made
(Table 3).

The method allows for the simultaneous quantitation of nine steroids in positive ion mode
by tandem mass spectrometry within 18 minutes (Fig. 1). The nine steroids investigated in
the positive ion mode and their respective deuterated internal standards were well-separated
in 18 minutes. The method is based on isotope dilution, and, unlike immunoassays, is very
specific for the analytes of interest. The method possesses adequate sensitivity (because of
the use of the APPI source) and precision to be used in the routine clinical laboratory
(coefficient of variation [CV] <13% at normal steroid concentrations). The method has been
used for the measurement of steroid concentrations in patient samples. Results were
compared with immunoassay techniques (see Table 2). Generally, tandem mass
spectrometry provides lower values that are due to improved specificity. The correlation
coefficients (see Table 2) are satisfactory (r>0.886). The method also has been used to
measure urinary free cortisol and the 6-β-hydroxycortisol:cortisol ratio which is a measure
of human CYP3A activity [52] and is important because of its role in drug metabolism.

Unlike immunoassays where each steroid needs to be assayed separately, the current
procedure allows for the simultaneous measurement of many steroids, thereby providing a
steroid profile on each sample measured. We believe that the greatly improved specificity,
accuracy, and simultaneous quantitation features that are afforded by this APPI tandem mass
spectroscopy method represent distinct advantages over current IAs.
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Fig. 1.
Liquid chromatography–tandem mass spectometry (MRM) profiles of the steroids of interest
obtained for the injection of a standard mixture.
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Table 1

Problems with immunoassays: data acquired from CAP PT Program 2002

Steroid Mean (low) Mean (high)

Androstenedione (ng/dL) 17.3 23.1

17-Hydroxyprogesterone (ng/dL) 16.0 82.7

Estradiol (pg/mL) 25.7 220.7

Progesterone (ng/mL) 1.56 3.85

Testosterone (ng/dL) 20.1 51.2

DHEA-S (μg/dL) 34.9 59.9

Estriol (ng/mL) 5.57 20.5
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Table 3

Comparison between the results obtained by tandem MS and the all method mean results from CAP PT
Program 2002

Steroids Ratio of tandem MS result to all method mean result in percent (%)

Androstenedione 49.9

17-Hydroxyprogesterone 79.3

11-Deoxycortisol 22.1

Progesterone 73.7

Testosterone 85.3

DHEA-S 88.7

Cortisol 81.4

Estriol 75.5
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