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The conventional 19-carbon 
steroids A4 and T are normally minor 
products of the adrenal cortex, but 
the adrenal contribution varies with 
age and sex. In pre-pubertal children, 
aside from boys’ mini-puberty during 
the � rst 6 months of life, the adrenal 
glands are the major source of A4 
and T. So elevated A4 and/or T in a 
child with 21OHD are reliable mea-
sures of poor disease control. 

This is important because fastidi-
ous control of androgen production 
during childhood is essential to 
prevent premature development 
of secondary sexual characteristics, 
rapid somatic growth, and advanced 
skeletal maturation. In fact, estradiol 
(E2), derived from A4 and T, is the 
major stimulus for bone maturation, 
but the quantities of E2 required 
to advance bone age are below the 
limits of detection for even the best 
E2 assays today. Also, wide interlabo-
ratory variations exist among various 
E2 IAs. For these reasons, 17OHP 
is used, in conjunction with A4, T, 
auxologic parameters, and bone age, 
as a surrogate for E2 in managing 
care for children with 21OHD.

The picture becomes more 
complicated in pubertal children 
and adults with 21OHD. In women, 
neither the adrenals nor the ovaries 
express an enzyme with good activ-
ity for the conversion of A4 to T, so 
the A4/T ratio is usually >1 regard-
less of source and absolute values. 
Elevated A4 and T signify either 
poor control of 21OHD or develop-
ment of secondary polycystic ovary 
syndrome, caused by chronically 
high androgen exposure. The higher 
the A4/T ratio and the higher the 
A4 concentration, the more likely 
the androgens are derived from the 
adrenal cortex. For example, a woman 
with classic 21OHD, an A4 of 120 
ng/dL and a T of 80 ng/dL is likely 
to have ovarian androgen excess. In 
contrast, an A4 of 400 ng/dL and T 
of 65 ng/dL indicate poor control 
of 21OHD. Because 98–99% of T is 
protein bound in the circulation, it 
is important to assess the free and 
bio-available fractions of T as well 
to gauge the biological potency of 
a given T value. Measurement of 
sex hormone-binding globulin in 
conjunction with a total T measure-
ment by LC-MS/MS allows reliable 

calculation of free and bioavailable T. 
Men with 21OHD face similar 

complications. A normal serum T 
value alone can be misleading, as 
both normal testes and the adrenal 
cortex in poorly controlled 21OHD 
produce large amounts of T. Because 
only the Leydig cell of the testes 
expresses 17b-hydroxysteroid dehy-
drogenase type 3—the only human 
enzyme that ef� ciently converts A4 
to T—the A4/T ratio in men is <1, 

typically <0.4. In practical terms, 
when a man’s serum A4 concentra-
tion exceeds that of T, it’s a sign of 
poor disease control, and androgens 
are primarily derived from the adre-
nal cortex. 

To further assess the HPA and 
testicular axes, serum luteinizing 
hormone will be suppressed when 
adrenal-derived androgens are high. 
A semen analysis, the ultimate assess-
ment of testicular function, is often 

T1 Key diagnostic steroids for different forms of classic CAH

STEROID HIGH IN LOW IN

Progesterone 21OHD, 11OHD, 17OHD, PORD, 3βHSD LCAH

17-Hydroxyprogesterone 21OHD, 11OHD, PORD, 3βHSD LCAH, 17OHD

11-Deoxycorticosterone 11OHD, 17OHD, PORD LCAH, 21OHD, 3βHSD

Corticosterone 17OHD, PORD LCAH, 21OHD, 11OHD, 3βHSD

11-Deoxycortisol 11OHD LCAH, 21OHD, 17OHD, PORD, 3βHSD

Dehydroepiandrosterone 3βHSD LCAH, 17OHD, PORD, (21OHD, 11OHD)

Androstenedione 21OHD, 11OHD, (3βHSD) LCAH, 17OHD, PORD

Testosterone 21OHD, 11OHD, (3βHSD) LCAH, 17OHD, PORD

21OHD, 21-hydroxylase de� ciency; 11OHD, 11β-hydroxylase de� ciency; 17OHD, 17-hydroxylase de� ciency; PORD, 
P450-oxidoreductase de� ciency; 3βHSD, 3β-hydroxysteroid dehydrogenase type 2 de� ciency; LCAH, lipoid congenital 
adrenal hyperplasia. Parentheses indicate variable or age- and sex-dependent variations

T2 Laboratory testing for diagnosis and management of classic 21OHD

ANALYTE PHYSIOLOGY GOALS AND COMMENTS

Plasma renin Volume status Low to normal unless hypertensive

Sodium Glucocorticoid Normal

Potassium Mineralocorticoid Normal

Androstenedione Adrenal dominant Assess with testosterone

Testosterone Total androgens Normal; adrenal + gonadal

17-Hydroxyprogesterone HPA axis status Moderately elevated; varies with dosing

Sex hormone-binding globulin Androgen binding Determines free fraction; estrogen raises

-FOR MEN

Luteinizing hormone Gonadal axis Normal; low if adrenal androgen excess

Follicle-stimulating hormone Testis integrity Normal; >25 IU/L poor fertility prognosis

Androstenedione/testosterone Androgen sources Ratio should be <0.5

Semen analysis Fertility Normal

-FOR WOMEN

Progesterone Adrenal vs corpus luteum Normal in follicular phase for fertility
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