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Abstract
Objective—To comprehensively phenotype parents identified with nonclassic congenital adrenal
hyperplasia (NCCAH) by family genetic studies, termed here as cryptic NCCAH and to define the
incidence of cryptic NCCAH in the parents of a large cohort of patients with 21-hydroxylase
deficiency.

Design—Genotyping was performed on 249 parents of 145 unrelated congenital adrenal
hyperplasia CAH) patients. Parents with two CYP21A2 mutations underwent extensive
evaluation.

Results—Of the 249 parents, ten (4%; seven females and three males) were identified as having
cryptic NCCAH. The majority was of ethnicities previously reported to have a higher incidence of
NCCAH. Cosyntropin stimulation performed in eight parents provided biochemical confirmation
(17-hydroxyprogesterone range 56–364 nmol/l) and cortisol response was % 500 nmol/l in three
parents (38%). Of the seven women (27–54 years) with cryptic NCCAH, four had prior infertility,
two reported irregular menses, two had treatment for hirsutism, one had androgenic alopecia. Men
were asymptomatic. All cryptic NCCAH parents reported normal puberty and had normal height.
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Adrenal hypertrophy and a small adrenal myelolipoma were observed in two parents; testicular
adrenal rest tissue was not found.

Conclusions—Parents diagnosed with NCCAH by genetic testing are mostly asymptomatic.
Temporary female infertility and suboptimal cortisol response were commonly observed. Ongoing
glucocorticoid therapy is not indicated in adults with CAH identified by family genotype studies
unless symptomatic, but glucocorticoid stress coverage should be considered in select cases.
Parents of a child with CAH have a 1:25 risk of having NCCAH; if the mother of a child with
CAH has infertility, evaluation for NCCAH is indicated.

Introduction
Congenital adrenal hyperplasia (CAH) due to 21-hydroxylase deficiency is an autosomal
recessive disorder accounting for ~95% of cases of CAH and is caused by mutations in the
CYP21A2 gene. There is a wide range of clinical severity (1, 2), and in general a high level
of genotype–phenotype correlation, such that particular CYP21A2 mutations lead to
predictable degrees of impairment in enzyme activity (3, 4). Severe 21-hydroxylase
impairment leads to classic CAH, with an estimated U.S. frequency of one in 16 000 live
births (5). Classic CAH is characterized by genital ambiguity in females, and in the most
severe cases, neonatal salt loss and adrenal crisis if not properly diagnosed and treated. Mild
21-hydroxylase impairment leads to nonclassic congenital adrenal hyperplasia (NCCAH),
which is estimated to affect one of every 1000 Caucasians (6, 7). Patients with NCCAH do
not suffer from clinically significant glucocorticoid deficiency, prenatal virilization of
females does not occur, and patients may or may not have symptoms and signs of
hyperandrogenism (8, 9). Genetic testing for CYP21A2 mutations is available and widely
used (10, 11).

A wide range of clinical severity exists within the nonclassic subtype. Most studies on
patients with NCCAH focus on reproductive outcomes (12, 13) and androgen excess (14) in
symptomatic women. Although carriers of 21-hydroxylase deficiency may have mildly
elevated adrenal hormones (15), in general, they are not at increased risk of
hyperandrogenism (16).

NCCAH was discovered during studies on family members of patients with classic CAH
(17–20) and helped to underscore the idea that CAH identified through family studies,
termed ‘cryptic’, shares the same pathological basis as NCCAH, but the natural history of
subjects identified solely by genotype remains to be delineated. In this study, we use the
term ‘cryptic’ to describe an individual who is diagnosed with NCCAH based on family
genetic studies, rather than symptomatology. To optimize genetic counseling of families, we
sought, in our large population of patients with classic CAH and symptomatic NCCAH, to
provide comprehensive phenotypic profiling of parents found to have cryptic NCCAH and
to define the incidence of cryptic NCCAH in parents of patients with CAH.

Methods
Subjects

From 2006 to 2009, 198 probands with CAH due to 21-hydroxylase deficiency (153 classic
and 45 nonclassic) were enrolled in a Natural History Study at the National Institutes of
Health Clinical Center in Bethesda, MD, USA (Clinicaltrials.gov identifier NCT00250159).
All patients and parents were invited to be genotyped. A total of 249 parents from 145
unrelated families underwent genetic analysis. Parents who did not participate were either
deceased or unavailable. The study was approved by the Eunice Kennedy Shriver National
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Institute of Child Health and Human Development Institutional Review Board. All subjects
provided written informed consent.

Molecular analysis of the CYP21A2 gene
DNA was extracted and analyzed for CYP21 gene mutations according to standard methods
(Esoterix, Inc., Calabasas, CA, USA), as described previously (3, 11). CYP21A2
duplications were excluded using Southern blot analysis and PCR-based methods (11).

Clinical evaluation
Of the total parents, eight found to have two CYP21A2 mutations (compound
heterozygotes) underwent extensive evaluation, including history and physical examination,
hormonal evaluation, and adrenal and testicular imaging. A 1 h cosyntropin stimulation test
(i.v. administration of 250 µg cosyntropin) was performed, with measurement of basal and
stimulated cortisol, and 17-hydroxyprogesterone (17-OHP). Baseline ACTH,
androstenedione, free and total testosterone, DHEA, DHEA-S, and plasma renin activity
were also assayed. A 60-min stimulated cortisol ≤500 nmol/l (≤ 18 µg/dl) (21, 22) was used
to define biochemical adrenal insufficiency. Biochemical criterion for CAH due to 21-
hydroxylase deficiency was defined as a 60 min 17-OHP concentration > 36 nmol/l (1200
ng/dl) (1, 23). Of the total parents, two with cryptic NCCAH refused to return for full
evaluation but underwent a telephone interview.

Anthropometric data and information about gravidity, parity, and the presence of signs of
androgen excess (acne, hirsutism with Ferriman-Gallwey score, clitoromegaly, infertility,
and menstrual dysfunction) were collected. Height SDS was determined using
anthropometric reference data (http://www.cdc.gov/growthcharts/, CDC Growth Charts
2010). Parental height of the affected parents was obtained by report and midparental height
in centimeters was estimated using the following formula: male midparental height =
(maternal height + paternal height + 13)/2; female midparental height = (maternal height +
paternal height – 13)/2.

Parents with cryptic NCCAH underwent computed tomography imaging of the adrenal
glands. The size of the adrenal glands was evaluated and the glands were classified as
normal or hypertrophied. If adrenal nodules were present, their size was measured and
attenuation measurements were obtained. If the attenuation of the nodules measured < − 10
Hounsfield units, they were considered to contain fat and represent adrenal myelolipoma.
Male parents underwent testicular imaging to evaluate for the presence of testicular adrenal
rest tissue. All images were evaluated by a single radiologist (NA).

Hormonal assays
Serum cortisol, testosterone, ACTH, DHEA, DHEA-S, and androstenedione were measured
by chemiluminescence immunoassay (Mayo Medical Labs, Rochester, MN, USA for
androstenedione and DHEA; NIH Clinical Center Laboratory for all others). Free
testosterone was calculated based on the previously-derived constants (24). Plasma 17-OHP
was measured by liquid chromatography–tandem mass spectrometry (Mayo Medical Labs).
Plasma renin activity was measured by RIA (Mayo Medical Labs). Resting catecholamines
and metanephrines were measured by HPLC (NIH Clinical Center Laboratory, Bethesda,
MD, USA).

Statistical analyses
Hormonal values are expressed as mean and range. The frequencies of reproductive and
androgen excess-related outcomes are expressed as absolute numbers and percentages.
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Height was evaluated by height SDS and as the difference between adult height achieved
and the calculated midparental height.

The incidence of cryptic NCCAH in the parents was calculated as a percent of the total
population of parents of patients with CAH who underwent molecular testing. We calculated
the probability that a parent (known carrier) would have CAH. To determine this likelihood,
we used Bayes’ theorem to express the conditional probability of a parent being affected,
given an affected child (Supplementary data, see section on supplementary data given at the
end of this article). The prior probabilities were based on the assumptions of having one
affected child, that both alleles act independently, and that the disease is recessively
inherited. The population prevalence of NCCAH was assumed to be one in 1000 (7).

Results
Of the 249 parents studied, ten (4%) were identified as having NCCAH by genotype (Table
1). Of the ten parents, eight returned for hormonal and radiological evaluation (Table 2).

Phenotypic profiling
Hormonal evaluation—Cosyntropin stimulation testing was performed in eight of the ten
identified parents. All met biochemical criteria for CAH (Table 2). Mean stimulated 17-
OHP was 159 nmol/l (range 56–364 nmol/l) (5198 ng/dl; range 1860–12 000 ng/dl).
Suboptimal cortisol response to cosyntropin was observed in three subjects (38%). These
three subjects did not report illnesses consistent with adrenal insufficiency and had
undergone a variety of surgeries (Table 1). Eight had basal plasma 17-OHP > 6 nmol/l (200
ng/dl). None had elevated ACTH. All subjects had normal plasma renin activity, as well as
normal epinephrine and metanephrine concentrations (Table 2).

Pubertal history, hyperandrogenism, and infertility—Of the seven women
evaluated, two reported irregular menses and had been treated with oral contraceptives to
achieve regular cycling (Table 1), four women reported infertility, but three of these women
also had pregnancies that were easily conceived. Of the seven women, three women had
ovulatory induction therapy; one reported infertility for 4 years, during which she was not
treated; one woman had androgenic alopecia; two had treatment for hirsutism. It was
reported that two female subjects had a history of acne during adolescence and one had
tetracycline therapy. None of the subjects had hirsutism or acne at the time of evaluation. All
reported normal timing of puberty. Mean age at menarche was 12.9 years.

Adult height—A wide range of adult height was observed ranging from − 2.0 to 1.2
standard deviation units (SDU) (Fig. 1). Similarly, the difference between adult height and
midparental target height ranged from − 1.9 to 1.1 SDU, and the majority was within 1
SDU.

Adrenal and testicular imaging—Of the total parents, seven parents with cryptic
NCCAH underwent computed tomography of the adrenal glands; five had normal-sized
adrenal glands; two had bilateral adrenal hypertrophy; and one had a 0.15 cm right adrenal
myelolipoma (Table 1). In the two subjects with adrenal abnormalities, early morning
ACTH concentrations were normal: 8.1 pmol/l (36.8 pg/ml) and 5.8 pmol/l (26.5 pg/ml),
and stimulated 17-OHP concentrations were 211 nmol/l (6970 ng/dl) and 364 nmol/l (12 000
ng/dl) respectively.

Testicular adrenal rest tissue was not detected in the two males who underwent testicular
imaging.
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Incidence of cryptic NCCAH among parents
In our population of 249 parents who underwent CYP21A2 genetic analysis, ten parents, or
4% of parents genotyped, were found to have CAH. Thus, in our cohort, the risk that the
parent of a child with CAH will have a diagnosis of CAH is one in 25. The majority (nine of
ten) of mutations that were present in a parent but not in the child was associated with
NCCAH: five had p.V281L, three had p.P453S, and one had a rare mutation, p.P482S (25);
one parent of a child with NCCAH carried a deletion not found in the child. In addition, the
majority of parents identified with cryptic NCCAH was of ethnicities previously reported to
have a higher incidence of NCCAH (Ashkenazi Jewish, Italian, Hispanic, Eastern European)
(7). There was no reported consanguinity. All of the parents identified with cryptic NCCAH
were compound heterozygous for a severe mutation: six carried a salt-wasting mutation and
four carried a simple-virilizing mutation.

Based on Bayes’ theorem and the estimated population prevalence of one in 1000, the
conditional probability of a parent having CAH was determined to be 3.2%, not significantly
different from our observed prevalence of 4% (Supplementary data, see section on
supplementary data given at the end of this article).

Discussion
In our large cohort of patients with 21-hydroxylase deficiency, we found that 4% of parents
of children with either classic CAH or symptomatic NCCAH had a previously unknown
diagnosis themselves of ‘cryptic’ NCCAH. Our study offers a systematic evaluation of
parents identified with NCCAH by genetic studies, thus expanding our understanding of the
natural history and disease progression of this entity, and providing useful information for
genetic counseling. We found that parents diagnosed with CAH by family genetic testing are
mostly asymptomatic. However, female infertility was reported in approximately one-half.
Suboptimal cortisol response was observed in a subset, as was the presence of small adrenal
myelolipoma, though the clinical significance of these findings is unknown. Males did not
have testicular adrenal rest tissue.

In our calculation, we used the knowledge that each parent who underwent genotyping had a
child affected with CAH. Interestingly, when carrier status was assumed and considered in
the probability calculations, our 4% prevalence of NCCAH in the parents of children with
CAH, although seemingly high, was not higher than that expected (10). Our calculations
support the prior general population prevalence estimate of one in 1000 for NCCAH (7, 26).
However, we did not consider other information that could potentially affect risk, such as
ethnicity, number of children with CAH, or prior history of infertility or menstrual
irregularities. It must be recognized that these important details may confer increased risk in
particular individuals and should be considered in genetic counseling sessions.

It has previously been suggested that individuals with cryptic NCCAH later became
symptomatic (19, 27) and would benefit from glucocorticoid treatment given the cost of and
psychological effects of hyperandrogenism (27). Our findings do not support this and
demonstrate that adults diagnosed with NCCAH based on family genetic studies appear to
be mostly asymptomatic. They are of normal adult height and report normal pubertal
progression and do not suffer from significant virilization. However, female infertility was
common, suggesting that evaluation for NCCAH should be initiated in women with
infertility, especially in those with a family history of CAH or ethnicity that confers higher
risk. Given the benign clinical histories of our identified parents with cryptic NCCAH, there
is no indication for ongoing glucocorticoid therapy in these adults, who may be seen as
compound heterozygous with subclinical symptoms. Our findings support the recent
Endocrine Society Clinical Practice Guidelines (28), which recommend against treatment in
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asymptomatic individuals with NCCAH. Moreover, genotyping is sometimes used as a
confirmatory test for newborns who test positive to neonatal screening or when the neonatal
biochemical scenario requires further testing (29). Our data provides further evidence that
clinical symptomatology should dictate the management of those diagnosed with CAH
based on laboratory findings consistent with NCCAH; hormonal and molecular findings do
not necessarily progress to significant clinical symptomatology.

Our finding of low cortisol responses to cosyntropin stimulation in 38% of our cryptic
parents is consistent with recent studies showing suboptimal cortisol response in a subset of
patients with NCCAH (10, 30). Bidet et al. (10) reported weak (cortisol < 414 nmol/l)
response to cosyntropin stimulation in approximately one-third of patients with NCCAH;
Verma et al. (30) reported that five out of eight NCCAH patients studied have suboptimal
cortisol response. Our subjects with low cortisol levels denied history of severe illnesses or
dehydration as well as history of decompensation or signs/symptoms that would be
consistent with adrenal insufficiency, despite having undergone a variety of surgical
procedures. Thus, it is difficult to know how to interpret abnormal biochemical data in the
setting of unremarkable clinical histories. Although the need for stress dosing in these
asymptomatic cases is unknown, we chose to caution these subjects that should they be
involved in extreme trauma or need to undergo major surgery in the future, stress-dose
glucocorticoids should be considered, but routine stress dosing would not be warranted.

Adults with CAH have an increased incidence of adrenal tumors (31). It has previously been
reported that carriers of classic CAH mutations have a higher frequency of adrenal
adenomas than that found in the general population (32). Theoretically, subjects with cryptic
NCCAH would be expected to have a higher incidence of adrenal adenomas than carriers
due to chronically elevated ACTH levels, predisposing to tumor formation. However, only
two out of seven cryptic parents who underwent imaging were found to have adrenal
abnormalities (hypertrophy in one patient, hypertrophy and a 1.5-mm myelolipoma in
another patient), despite the older age of these individuals (up to age 66 years) and the
generous stimulated 17-OHP concentrations. Interestingly, the adrenal tumor observed in
our parent with cryptic NCCAH was a myelolipoma, which has been associated with CAH
(33, 34). Adrenal myelolipomas are generally benign, asymptomatic, and do not require
resection, but large tumors may suggest the diagnosis of CAH (35–37). Similarly, no
testicular adrenal rest tissue was found in males. To our knowledge, testicular adrenal rest
tissue has not been reported in patients with NCCAH. The lack of adrenal and testicular
tumors or clinically significant adrenal hypertrophy supports the notion that individuals
incidentally diagnosed by family genetic studies do not require ongoing glucocorticoid
treatment, and clinical symptoms, rather than hormone concentrations, should dictate
management.

Early morning basal 17-OHP has been proposed as an effective screen for NCCAH (6, 10,
38). Armengaud et al. (38) used a threshold value of 6 nmol/l (200 ng/dl) to diagnose
NCCAH on the basis of a basal plasma 17-OHP and reported 100% sensitivity and 99%
specificity. By this criterion, all of our parents would have been identified. Our subjects’ 17-
OHP concentrations following cosyntropin stimulation had a wide range. Bidet et al. (10)
reported that only 17.5% of their cohort of NCCAH patients had abnormal basal plasma 17-
OHP but that the range of 60-min stimulated values was very broad. Azziz et al. (6) used a
criterion of post-stimulation 17-OHP > 30.3 nmol/l (1000 ng/dl) for diagnosis of 21-
hydroxylase deficiency; by this definition, all of our subjects fit the biochemical criteria for
NCCAH. Interestingly, few of our subjects had other biochemical parameters outside the
normal range for sex and age, and elevations were not consistent for all androgens. All had
normal resting epinephrine and metanephrine concentrations, consistent with a recent report
(30) demonstrating that untreated NCCAH patients have normal adrenomedullary function.
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Each of the parents we studied demonstrated the presence of a mutation not found in the
child who was originally found to have CAH. These mutations included p.V281L (n = 5),
p.P453S (n = 3), deletion (n = 1), and p.P482S (n = 1). All of our parents with cryptic
NCCAH carried one severe mutation and one nonclassic mutation. Hormonal
concentrations, adrenal size, and presence of symptoms were not associated with a particular
genotype. Thus, carrying a more severe mutation was not associated with a more severe
phenotype in our population, as had previously been reported (3).

We sought to determine when the issue of genetically identified NCCAH might be clinically
important. The majority of the mothers reported a history of infertility, and glucocorticoid
therapy is an effective treatment for infertility and recurrent miscarriages in NCCAH (39).
Thus, if the mother of a child with CAH has subsequent infertility or a history of multiple
miscarriages requiring medical attention, an evaluation for NCCAH is indicated. Given the
implications for reduced female fertility and the apparent lack of abnormalities in males, it is
surprising that the majority of parents identified as having cryptic NCCAH were female.
Our sample is too small to provide any robust statistical assessment of this imbalance. Thus,
further studies on large cohorts of CAH patients are needed to evaluate this finding.

As genetic testing becomes more widely available, we expect that more family members of
patients with CAH will be identified in whom there is only biochemical and molecular
evidence of disease, in the absence of striking clinical features. Assessing how these
individuals should be counseled and the natural history of their condition is of critical
importance to avoid glucocorticoid over-treatment. However, the incidence of one in 25
parents in our population suggests that NCCAH should be considered in the mother of a
child with CAH if she has infertility. The underlying reasons for the relatively asymptomatic
nature of this condition warrant further study.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Height SDS of parents with cryptic NCCAH. Numbers correspond to patient number in
tables. Open circle, female; filled circle, male.

Nandagopal et al. Page 11

Eur J Endocrinol. Author manuscript; available in PMC 2012 October 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Nandagopal et al. Page 12

Ta
bl

e 
1

G
en

ot
yp

e 
an

d 
cl

in
ic

al
 c

ha
ra

ct
er

is
tic

s 
of

 p
ar

en
ts

 w
ith

 c
ry

pt
ic

 2
1-

hy
dr

ox
yl

as
e 

de
fi

ci
en

cy
.

P
at

ie
nt

A
ge

(y
ea

rs
)

Se
x

E
th

ni
ci

ty
G

en
ot

yp
e

P
ro

ba
nd

’s
 g

en
ot

yp
e/

ph
en

ot
yp

e
C

lin
ic

al
 h

is
to

ry
A

dr
en

al
 im

ag
in

g
H

os
pi

ta
liz

at
io

ns
an

d 
su

rg
er

ie
s

1
54

F
A

sh
ke

na
zi

 J
ew

is
h

p.
V

28
1L

/d
el

et
io

n
p.

V
28

1L
/p

.V
28

1L
 N

C
A

nd
ro

ge
ni

c 
al

op
ec

ia
, t

w
o

te
rm

 p
re

gn
an

ci
es

N
ot

 p
er

fo
rm

ed
N

on
e

2
49

F
It

al
ia

n
D

el
et

io
n/

p.
V

28
1L

D
el

et
io

n/
de

le
tio

n 
SV

T
w

o 
te

rm
 p

re
gn

an
ci

es
, o

ne
fo

llo
w

in
g 

cl
om

ip
he

ne
N

ot
 p

er
fo

rm
ed

T
on

si
lle

ct
om

y
A

pp
en

de
ct

om
y

C
ho

le
cy

st
ec

to
m

y 
C

-
se

ct
io

ns
×

2

3
46

F
A

ng
lo

-S
ax

on
 R

us
si

an
p.

I1
72

N
/p

.P
48

2S
a

p.
I1

72
N

/p
.V

28
1L

 N
C

C
ys

tic
 a

cn
e 

re
qu

ir
in

g
an

tib
io

tic
s 

an
d 

ir
re

gu
la

r
m

en
se

s 
as

 a
do

le
sc

en
t, 

tw
o

te
rm

 p
re

gn
an

ci
es

, o
ne

fo
llo

w
in

g 
cl

om
ip

he
ne

N
or

m
al

C
-s

ec
tio

n 
A

rt
hr

os
co

pi
c

kn
ee

 s
ur

ge
ry

 B
la

dd
er

su
sp

en
si

on
 s

ur
ge

ry
 J

aw
su

rg
er

y

4
45

F
A

ng
lo

-S
ax

on
 I

ta
lia

n
p.

I1
72

N
/p

.P
45

3S
p.

I1
72

N
/p

.I
17

2N
 S

V
Fo

ur
 te

rm
 p

re
gn

an
ci

es
, o

ne
fo

llo
w

in
g 

in
fe

rt
ili

ty
 f

or
 4

ye
ar

s,
 n

o 
th

er
ap

y,
 to

pi
ca

l
ef

lo
rn

ith
in

e 
fo

r 
hi

rs
ut

is
m

N
or

m
al

K
ne

e 
su

rg
er

ie
s×

5

5
41

F
H

is
pa

ni
c 

It
al

ia
n

IV
S2

-1
3A

/C
>

 G
/p

.V
28

1L
IV

S2
-1

3A
/C

>
 G

/p
.V

28
1L

 N
C

Ir
re

gu
la

r 
m

en
se

s 
un

til
 a

ge
 2

7,
tw

o 
te

rm
 p

re
gn

an
ci

es
,

el
ec

tr
ol

ys
is

 f
or

 h
ir

su
tis

m

B
ila

te
ra

l a
dr

en
al

hy
pe

rt
ro

ph
y;

 r
ig

ht
1.

5-
m

m
m

ye
lo

lip
om

a

N
on

e

6
33

F
It

al
ia

n
D

el
et

io
n/

p.
V

28
1L

D
el

et
io

n/
de

le
tio

n 
SW

T
w

o 
te

rm
 p

re
gn

an
ci

es
, b

ot
h

fo
llo

w
in

g 
cl

om
ip

he
ne

N
or

m
al

N
on

e

7
27

F
G

re
ek

 G
er

m
an

 A
ng

lo
-

Sa
xo

n 
Sw

ed
is

h
30

 k
b 

D
el

et
io

n/
p.

P
45

3S
D

el
et

io
n/

30
 k

b 
de

le
tio

n 
SW

A
cn

e 
as

 te
en

ag
er

, o
ne

 te
rm

pr
eg

na
nc

y
N

or
m

al
B

ila
te

ra
l a

nk
le

 s
ur

ge
ry

D
&

C
 f

ol
lo

w
in

g
m

is
ca

rr
ia

ge

8
74

M
It

al
ia

n
p.

I1
72

N
/p

.V
28

1L
p.

I1
72

N
/p

.I
17

2N
 N

C
N

or
m

al
 p

ub
er

ty
, f

ou
r

ch
ild

re
n

N
ot

 p
er

fo
rm

ed
N

on
e

9
66

M
L

at
vi

an
p.

I1
72

N
/p

.P
45

3S
IV

S2
–1

3A
/C

>
 G

/p
.I

17
2N

 S
V

N
or

m
al

 p
ub

er
ty

, t
w

o 
ch

ild
re

n
N

or
m

al
N

on
e

10
55

M
A

ng
lo

-S
ax

on
IV

S2
–1

3A
/C

>
 G

/p
.V

28
1L

IV
S2

–1
3A

/C
>

 G
/d

el
et

io
n 

SW
N

or
m

al
 p

ub
er

ty
, t

hr
ee

ch
ild

re
n

M
od

er
at

e 
bi

la
te

ra
l

ad
re

na
l h

yp
er

tr
op

hy
M

ul
tip

le
 tr

au
m

at
ic

in
ju

ri
es

 a
ft

er
m

ot
or

cy
cl

e 
ac

ci
de

nt
w

ith
 p

ro
lo

ng
ed

 I
C

U
st

ay

a R
ar

e 
m

ut
at

io
n 

de
te

ct
ed

 b
y 

se
qu

en
ci

ng
 C

Y
P2

1A
2;

 m
ut

at
io

ns
 in

 b
ol

d 
ar

e 
th

os
e 

no
t d

et
ec

te
d 

in
 p

ro
ba

nd
. S

W
, s

al
t w

as
tin

g 
C

A
H

; S
V

, s
im

pl
e 

vi
ri

liz
in

g 
C

A
H

; N
C

, n
on

cl
as

si
c 

C
A

H
.

Eur J Endocrinol. Author manuscript; available in PMC 2012 October 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Nandagopal et al. Page 13

Ta
bl

e 
2

L
ab

or
at

or
y 

da
ta

 o
f 

pa
re

nt
s 

w
ith

 c
ry

pt
ic

 2
1-

hy
dr

ox
yl

as
e 

de
fi

ci
en

cy
.

C
os

yn
tr

op
in

 s
ti

m
ul

at
io

n
E

ar
ly

 m
or

ni
ng

 b
as

al
 le

ve
ls

P
at

ie
nt

17
-O

H
P

a  
(n

m
ol

/l)
C

or
ti

so
l (

nm
ol

/l)

A
C

T
H

(p
m

ol
/l)

A
nd

ro
st

en
e-

di
on

e 
(n

m
ol

/l)
T

es
t.

 f
re

e
(p

m
ol

/l)
T

es
t.

 t
ot

al
(n

m
ol

/l)
D

H
E

A
(n

m
ol

/l)
D

H
E

A
S

(µ
m

ol
/l)

P
la

sm
a

re
ni

n 
ac

ti
vi

ty
(µ

g/
l p

er
 h

ou
r)

E
pi

ne
ph

ri
ne

(p
m

ol
/l)

M
et

an
ep

hr
in

e
(p

m
ol

/l)
B

as
al

60
 m

in
B

as
al

60
 m

in

2
22

.7
12

5
39

5
49

7b
5.

3
6.

0
10

1.
1

27
.1

  4
.4

2.
4

49
16

1

3
14

.8
56

49
7

58
2

3.
3

2.
8

4
0.

5
4.

2
<

0.
4

2.
9

44
12

0

4
15

.1
13

2
31

2
58

2
3.

2
3.

9
24

1.
0

34
c

  3
.4

1.
1

55
12

0

5
49

.2
21

1
41

7
56

6
8.

1
13

.0
c

56
2.

5
  7

.6
c

1.
2

25
1

14
6

6
13

.7
15

7
24

6b
57

4
5.

0
6.

6
31

6c
2.

0
16

.3
  4

.1
1.

2
60

7
6.

3
11

0
16

0b
37

0b
1.

7
3.

9
21

1.
1

  2
.7

0.
7

14
2

12
0

9
12

.3
11

7
25

9b
49

1b
6.

4
4.

5
55

2
22

.1
10

.8
  4

.4
c

0.
6

26
2

24
4

10
81

.0
36

3
40

3
67

6
5.

8
10

.5
c

22
90

c
15

.3
  3

.3
1.

7

a T
o 

co
nv

er
t f

ro
m

 S
I 

un
its

 to
 m

et
ri

c:
 1

7-
O

H
P×

33
.1

 n
g/

dl
; c

or
tis

ol
×

0.
03

62
 g

/d
l; 

A
C

T
H

×
4.

54
 p

g/
m

l; 
an

dr
os

te
ne

di
on

e×
28

.6
5 

ng
/d

l; 
fr

ee
 te

st
os

te
ro

ne
×

0.
28

8 
pg

/m
l; 

te
st

os
te

ro
ne

×
28

.8
2 

ng
/d

l; 
D

H
E

A
×

28
.8

2 
ng

/
dl

; D
H

E
A

-S
×

36
.9

 g
/d

l; 
ep

in
ep

hr
in

e×
0.

18
3 

pg
/m

l; 
an

d 
m

et
an

ep
hr

in
e 

0.
19

2 
pg

/m
l.

b Su
b-

no
rm

al
 c

or
tis

ol
 le

ve
l d

ef
in

ed
 a

s 
60

-m
in

 s
tim

ul
at

ed
 c

or
tis

ol
=

50
0 

nm
ol

/l 
(2

1,
 2

2)
.

c E
le

va
te

d 
fo

r 
ag

e 
an

d 
se

x.

Eur J Endocrinol. Author manuscript; available in PMC 2012 October 15.


