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Context: Because many women with 21-hydroxylase (21-OH)-defi-
cient nonclassic adrenal hyperplasia (NCAH) carry at least one allele
affected by a severe mutation of CYP21, they are at risk for giving
birth to infants with classic adrenal hyperplasia (CAH).

Objective: Our objective was to determine the frequency of CAH and
NCAH infants born to mothers with 21-OH-deficient NCAH.

Design and Setting: We conducted an international multicenter
retrospective/prospective study.

Patients and Methods: The outcome of 203 pregnancies among 101
women with 21-OH-deficient NCAH was reviewed. The diagnosis of
21-OH-deficient NCAH was established by a basal or post-ACTH-
stimulation 17-hydroxyprogesterone level of more than 10 ng/ml (30.3
nmol/liter). When possible, genotype analyses were performed to con-
firm CAH or NCAH in the offspring.

Results: Of the 203 pregnancies, 138 (68%) occurred before the moth-
er’s diagnosis of NCAH and 65 (32%) after the diagnosis. Spontaneous
miscarriages occurred in 35 of 138 pregnancies (25.4%) before the
maternal diagnosis of NCAH, and in only four of 65 pregnancies
(6.2%) after the diagnosis (P � 0.002). Four (2.5%; 95% confidence
interval, 0.7–6.2%) of the 162 live births were diagnosed with CAH.
To date, 24 (14.8%; 95% confidence interval, 9.0–20.6%) children, 13
girls and 11 boys, have been diagnosed with NCAH. The distribution
of NCAH children and their mothers varied significantly by ethnicity
(P � 0.0001, for both).

Conclusions: The risk of a mother with 21-OH-deficient NCAH for
giving birth to a child affected with CAH is 2.5%; at least 14.8% of
children born to these mothers have NCAH. (J Clin Endocrinol
Metab 91: 3451–3456, 2006)

MUTATIONS OF BOTH alleles of CYP21 result in de-
fective activity of the enzyme P450c21 and symp-

tomatic 21-hydroxylase (21-OH)-deficient congenital adrenal
hyperplasia, one of the most common autosomal recessive
disorders of man (1, 2). The spectrum ranges from classic
adrenal hyperplasia (CAH), associated with excessive ante-
natal androgen secretion, to the milder forms of nonclassic
adrenal hyperplasia (NCAH). Patients with CAH manifest
clinical features apparent at birth or shortly thereafter, prin-
cipally prenatal virilization of female infants. In contrast,
patients with NCAH are typically asymptomatic at birth but
develop symptoms as a result of hyperandrogenism in child-
hood, adolescence, or adulthood (1).

The endocrine diagnosis of 21-OH-deficient NCAH is
based on markedly supranormal basal or ACTH-stimulated

17-hydroxyprogesterone (17-OHP) levels (3). The diagnosis
should be confirmed by genotyping, with the V281L in exon
7 being the most common mutation (4–8). However, the
complexity of the CYP21 locus and the presence of rare
mutations complicate the molecular genotype analysis of this
disorder (9, 10). Affected patients with NCAH carry CYP21
mutations on both alleles; some of these patients are ho-
mozygous, but most of them are compound heterozygotes (4,
6, 7). Different studies have reported variable percentages,
from 27–76% of NCAH individuals carrying a severe loss-
of-function mutation on one allele, which would result in
CAH if present on both alleles (4–7). These individuals are
therefore at risk for conceiving and giving birth to an infant
with CAH if their partner also carries a severe loss-of-func-
tion CYP21 mutation.

The calculated probability of having a child affected with
CAH among NCAH patients is 1:480 (i.e. 1/60 � 1/2 � 1/4),
assuming a prevalence of heterozygosity for severe CYP21
gene mutations in the general population of 1:60 (11) and that
approximately 50% of mothers with 21-OH-deficient NCAH
are compound heterozygotes carrying one mild and one
severe mutation (4–7). This calculated probability is signif-
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icantly greater than the general population risk for CAH of
1:12,000–23,000 (11, 12). The probability that a woman with
NCAH will give birth to a child with NCAH will be much
higher, because the carrier rate for mild mutations in the
general population is about 1:16 (2, 13). Hence, there is ap-
proximately a 1:32 (i.e. 1/16 � 1/1 � 1/2) chance that a
parent with 21-OH-deficient NCAH will have an offspring
with the same disorder, compared with a prevalence of
NCAH in the general population of 1:400–2000 (2, 13).

The true frequency of CAH and NCAH offspring among
patients with NCAH is likely to be higher than calculated
because the male partner is unlikely to be chosen at random
from the general population; rather, in some communities,
there is a tendency to marry within the same ethnic and racial
subpopulation (14, 15). We undertook the following inter-
national multicenter study to determine the actual frequency
of CAH and NCAH in infants born to mothers with a diag-
nosis of 21-OH-deficient NCAH.

Patients and Methods

Patients were studied according to the ethical guidelines for human
subjects research of each participating center. From a total of 331 women
with 21-OH-deficient NCAH obtained at 14 tertiary referral centers from
nine countries, those identified as having been pregnant were reviewed.
Data were collected in a standardized fashion, either prospectively as the
diagnosis was established in new patients or by retrospective review of
the clinical file in those subjects in whom the diagnosis had been made
previously. The time span of the retrospective study was variable in each
center, from 1973–1995. The prospective study covered the period of
1996–2005.

Patients were classified as White non-Jewish, White Jewish, Hispanic,
and other race/ethnic group. All patients with NCAH were diagnosed
by either a basal or ACTH-stimulated 17-OHP level greater than 10
ng/ml (30.3 nmol/liter) and lower than 200 ng/ml (605.2 nmol/liter)
(16–18). Some variation in the ACTH stimulation protocol was present
among centers, such as in ACTH dose administered (0.25 mg or 1.0 mg)
or the time of the post-stimulation sampling (30 or 60 min); however,
these differences in stimulation are not generally associated with sig-
nificant differences in the ACTH-stimulated 17-OHP values, at least
among healthy subjects (19). The ACTH stimulations were performed in
the morning (0800–1030 h) and in the follicular phase (d 3–8) of the
menstrual cycle or after a progestogen-induced bleeding. For the pur-
pose of standardizing the 17-OHP results from each center, 10 control
serum samples with varying levels of 17-OHP were sent in masked
fashion to the participant centers. The results had high correlation co-
efficients ranging from 0.87–0.99 (20).

Symptoms including premature pubarche, precocious puberty, pri-
mary amenorrhea, oligomenorrhea, and infertility were obtained by
history. The examining physician documented the presence of hirsutism,
acne, and clitoromegaly. The protocol for evaluation of all these signs
and symptoms were reported previously (20). In brief, patients with
menstrual cycles greater than 35 d were deemed to have oligomenorrhea
and patients who never presented menstrual cycles as primary amen-
orrhea. Precocious puberty and premature pubarche were considered
when present in girls younger than 8 yr and boys younger than 9 yr (21,
22). The degree of hirsutism was assessed using a modified Ferriman-
Gallwey scoring method, and hirsutism was considered to be present
when a score of at least 8 was evident (23, 24). Acne and alopecia were
recorded, but their severity was not scored. Prader score was used to
classify abnormalities of the external female genitalia, from mild cli-
toromegaly (stage 1) to complete fusion of labioscrotal folds with a
phallic urethra (stage 5) (25). We considered that females with NCAH
may have signs of postnatal androgen excess, including mild clitoro-
megaly, although they generally are born with nonambiguous external
genitalia, as reported (11, 20).

Statistical analysis

The clinical and hormonal values are expressed as median and range.
The reproductive outcome frequencies are expressed as percentages.
The comparison of reproductive outcome before and after the diagnosis
of NCAH, as well as the proportion of children with CAH or NCAH and
their mothers among the different ethnic groups, was performed by �2

analysis. A P value of �0.05 was considered as statistically significant.
The 95% confidence interval (CI) was calculated for the prevalence of
CAH and NCAH children born from NCAH patients and for the risk of
these women having at least one CAH/NCAH-affected offspring.

Results
General findings of reproductive outcome

In total, we recruited 211 pregnancies in 107 women with
21-OH-deficient NCAH. Three pregnancies were electively
terminated by three different women and were excluded
from additional analysis. Another five pregnancies in three
women did not have complete reproductive outcome data
and also were excluded. Of the 101 women included in this
study, 68 (67.3%) were White non-Jewish, 13 (12.9%) were
White Jewish, 15 (14.8%) were Hispanic, and 5 (5.0%) were
of other races or they did not have race/ethnicity recorded.
Their mean age was 29.7 � 9.7 yr. The median basal 17-OHP
level for all patients was 6.2 ng/ml (range, 0.3–156.0 ng/ml),
and the median ACTH-stimulated 17-OHP level was 44.7
ng/ml (range, 12.6–185.2 ng/ml) (Fig. 1). Of the 91 women
who were tested by ACTH stimulation, 84 (92.3%) had a
poststimulation 17-OHP value of more than 20 ng/ml, and
seven (7.7%) had values between 10 and 20 ng/ml. In 10
women, an ACTH test was not performed because the basal
17-OHP level was more than 10 ng/ml.

Of the 101 NCAH women included, 47 (46.5%) presented
with oligomenorrhea and four (4.0%) patients with primary
amenorrhea. Hirsutism was present in 51 (50.5%), and the
median modified Ferriman-Gallwey score was 12.0 (range,
0–27). In addition, 28 (27.7%) patients presented with acne,
11 (10.9%) with alopecia, and 10 (9.9%) with mild clitoro-
megaly (Prader score stage 1). Premature pubarche was
present in four (4.0%) patients. Infertility was a complaint in
22 (21.8%).

Of the 203 pregnancies included, singleton term live births
were observed in 151 pregnancies (74.4%) and live-born
twins in four (2.0%). Six (3.0%) of the pregnancies were
singleton delivered preterm, with three infants surviving the
neonatal period. Two (1.0%) infants were singleton stillborn
at term. Finally, 39 (19.2%) pregnancies ended in a sponta-
neous miscarriage and one (0.5%) in an ectopic pregnancy.

Pregnancy outcome according to time of diagnosis and
glucocorticoid treatment

Of the 203 pregnancies, 138 (68%) occurred before the
diagnosis of NCAH, and 65 (32%) occurred after the diag-
nosis was established. Spontaneous miscarriages occurred in
35 (25.4%) of 138 pregnancies occurring before the NCAH
diagnosis and in only four (6.2%) of 65 pregnancies occurring
after diagnosis was made (P � 0.002). Thus, 95 (68.8%) of 138
pregnancies conceived before the diagnosis of NCAH was
made resulted in a singleton term live-born infant, whereas
56 (86.2%) of the 65 pregnancies occurring after diagnosis
experienced this outcome (P � 0.01) (Table 1).
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Of the 138 pregnancies occurring before the diagnosis of
NCAH was made, five (3.6%) were treated with glucocorti-
coids alone (administered empirically to improve ovulatory
function), four (2.9%) with clomiphene alone, one (0.7%) with
a combination of glucocorticoids and clomiphene, and an-
other (0.7%) with glucocorticoids and menotropins. In 94
pregnancies (68.1%), there was no medical treatment, and in
another 33 (23.9%), pregnancy data regarding preconception
treatment were unavailable.

Of the 65 pregnancies occurring after the NCAH diagnosis,
glucocorticoids alone were administered before conception in
35 (53.8%), clomiphene alone in five (7.7%), combined glucocor-
ticoids and clomiphene in six (9.2%), combined glucocorticoids
and menotropins in one (1.5%), and clomiphene and
menotropins in the remaining (1.5%) pregnancy. No treatment

was used in 16 (24.6%) pregnancies, and no data on precon-
ception treatment were available for one (1.5%) case.

Overall, preconception glucocorticoids either alone or in
combination with other drugs were used before conception
in 49 of the 203 pregnancies, seven before and 42 after the
diagnosis of NCAH was made. The specific glucocorticoid
used and the dosage varied widely; dexamethasone 0.25–
0.75 mg was used in 26 cases, prednisone 5.0–12.5 mg in 13
cases, and hydrocortisone 6–20 mg in four cases. Six other
pregnancies were treated with preconception glucocorti-
coids, although no specific data concerning the type or dose
of glucocorticoids used were available for these cases. The 40
pregnancies treated with preconception glucocorticoids
alone and the 110 pregnancies not receiving such treatment
did not differ in the proportion of singleton term live births

TABLE 1. Comparison of pregnancy outcome before and after the diagnosis of 21-OH-deficient NCAH

Outcome
Before (n � 138) After (n � 65) Total (n � 203)

N % N % N %

Singleton term 95 68.8a 56 86.2a 151 74.4
Twins 2 1.4 2 3.1 4 2.0
Preterm 4 2.9 2 3.1 6 3.0
Miscarriage 35 25.4b 4 6.2b 39 19.2
Ectopic 1 0.7 0 0.0 1 0.5
Stillborn 1 0.7 1 1.5 2 1.0

a Significant difference in percentages of singleton term deliveries (P � 0.01).
b Significant difference in percentages of miscarriages (P � 0.002).

FIG. 1. Box and whiskers plot of basal
and ACTH-stimulated values of
17-OHP in women with NCAH. The line
within each box represents the median.
Upper and lower boundaries of the box
indicate 75th and 25th percentiles, re-
spectively. The whiskers above and be-
low show the upper and lower adjacent
value, respectively. The diagnosis of
NCAH was made when the basal or
ACTH-stimulated 17-OHP values were
above 10 ng/ml (30.3 nmol/liter) and un-
der 200 ng/ml (605.2 nmol/liter).
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(75.0 vs. 81.8%, respectively) or miscarriages (15.0 vs. 13.6%,
respectively).

Sixteen of the 65 pregnancies occurring after the diagnosis
of 21-OH-deficient NCAH was made were treated with glu-
cocorticoids during gestation, including 0.25–0.5 mg/d
dexamethasone in seven cases, 5.0–12.5 mg/d prednisone in
six, and 10–20 mg/d hydrocortisone in the remaining three.
There was no significant difference between the 16 patients
treated with glucocorticoids during pregnancy and the 49
patients without such treatment in the number of singleton
term live births (81.3 vs. 87.8%, respectively) or miscarriages
(0 vs. 8.2%, respectively).

Prevalence of CAH and NCAH among the children of
women with NCAH

Of the 162 live-born infants observed, 83 (51.2%) were
females and 79 (48.8%) were males. Four (2.5%; 95% CI,
0.7–6.2%) of the 162 offspring were diagnosed with CAH.
However, the probability of a woman with NCAH in this
study having at least one child with CAH is three of 101
(3.0%; 95% CI, 0.6–8.4%) NCAH women, because one
mother had two children affected with CAH. Three male
infants presented with salt-wasting CAH, and one female
with simple virilizing CAH. One NCAH mother was a com-
pound heterozygous (V281L/8Bpdeletion) and her two male
infants, with 17-OHP basal levels of 124 ng/ml and 128
ng/ml, had the ClusterE6/8BPdeletion genotype indicating
that the ClusterE6 mutation was inherited from the father.
The genotype of the other mother was V281L/R356W; her
child had a 17-OHP basal level of 70 ng/ml and her genotype
was R356W/I2 splice R356W. This infant (karyotype 46XX)
demonstrated severe virilization of the external genitalia
(Prader 5). The same NCAH mother subsequently had two
children (one girl and one boy) affected with NCAH; the
genotype for both children was V281L/I2 splice�R356W. In
this instance, the affected paternal allele carried two muta-
tions, the I2 splicing mutation and R356W. The genotypes of
the remaining NCAH mother and male CAH child are un-
known. Notably, the diagnosis of 21-OH-deficient NCAH in
the three mothers was made after the birth of their affected
infants. The genitalia were normal in all children, with the
exception of the child with simple virilizing CAH.

To date, 24 (14.8%; 95% CI, 9.0–20.6%) of the 162 chil-
dren,13 females and 11 males, have been diagnosed with
NCAH. In addition, this experience indicates that the prob-
ability that a woman with NCAH would have at least one
child with NCAH is 12 of 101 NCAH women (11.9%; 95% CI,
5.0–18.7%). The available 17-OHP levels and genotypes of
the NCAH children are denoted in Table 2. Of the 12 NCAH
mothers who had these children, four were homozygous for
V281L and two were compound heterozygotes carrying
V281L/R356W and V281L/Q318X in one case each. The ge-
notypes of the remaining six NCAH patients were not
available.

Five additional female offspring developed signs of hy-
perandrogenism; none fulfilled the hormonal criteria for the
diagnosis of NCAH. One of them had premature pubarche
and was a carrier of the V281L mutation, and the other four
females developed pubertal hyperandrogenism. Two were
also found to be heterozygous for V281L and another het-
erozygous for I172N. Although the CYP21 genotype is un-
known for the remaining female, she is likely to be an ob-
ligate heterozygote because she could only inherit an affected
allele from her mother.

Of the four children with CAH among the 162 live births,
one of 94 (1.1%) was White non-Jewish, two of 31 (6.5%) were
White Jewish, and one of 31 (3.2%) was Hispanic. Of the three
NCAH mothers giving birth to a child affected with CAH,
one of 68 (1.5%) was White non-Jewish, one of 13 (7.7%) was
White Jewish, and one of 15 was Hispanic (6.7%). The cal-
culated risk for a child of an NCAH mother of having NCAH
and the risk for an NCAH mother of having a child affected
with NCAH differed significantly by ethnicity (P � 0.0001 for
both distributions) (Table 3).

Discussion

These data suggest that the prevalence of 21-OH-deficient
CAH among live-born children of NCAH women is 2.5%,
higher than the 1:480 (0.2%) calculated prevalence. In addi-
tion, the risk of NCAH women for giving birth to at least one
child affected with CAH is 3.0%. Alternatively, the preva-
lence of NCAH among children of NCAH mothers is ap-
proximately 15%, much higher than the predicted rate of 1:32

TABLE 2. Clinical findings of children with 21-OH-deficient NCAH of NCAH mothers

Gender Presentation Age at diagnosis 17-OHP, basal/stimulated (ng/ml) Genotyping

Female Premature pubarche 8 yr 5 months 11.6/19.8 Homozygous V281L
Female Premature pubarche 3 d 10.0 V281L/I2 splice�R356W
Female Precocious puberty 4 yr 6 months 4.0/46.9 Homozygous V281L
Female Precocious puberty 5 yr 1 month 8.3/49.6 Homozygous V281L
Female Precocious puberty 2 yr 11 months 1.2/23.1 Heterozygous V281L/?
Female Pubertal hyperandrogenism 15 yr 8 months 9.8/37.0 Homozygous V281L
Female Pubertal hyperandrogenism 12 yr 19.7/41.5 Homozygous V281L
Female Pubertal hyperandrogenism 7 yr 4 months 3.6/24.8 Homozygous V281L
Female Pubertal hyperandrogenism 11 yr 2.2/15.4 Homozygous V281L
Female Pubertal hyperandrogenism 8.7/80.0 Not known
Male Premature pubarche 10 yr 2 months 4.0/25.8 Homozygous V281L
Male Premature pubarche 1 yr 7 months 13.5/76.7 Homozygous V281L
Male Premature pubarche 2 months 6.4/34.4 Q318X/V281L
Male Premature pubarche 3 d 26.0 V281L/I2 splice�R356W
Male Premature pubarche 8 yr 5.7/36.0 Heterozygous V281L/?
Male Asymptomatic 14 yr Homozygous V281L

The 17-OHP levels and genotyping of eight NCAH children (three females and five males) were not available.
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(3.1%). Also, the risk of women with NCAH of giving birth
to at least one child affected with NCAH is 11.9%. A likely
explanation for the higher prevalence of affected offspring
noted compared with calculated is the inherent tendency for
individuals to intermarry within their ethnic subpopulation
(14, 15), although this tendency lessens over generations
among immigrants (14).

Although the numbers are too small to calculate the risk
based on ethnicity, in this study, the probability of a child of
an NCAH mother having NCAH and that of an NCAH
mother having a child affected with NCAH differed signif-
icantly by ethnicity. The risk among women with NCAH of
having a child with NCAH was significantly lower for White
non-Jewish individuals than for other ethnic groups, perhaps
because the background heterozygosity rate for CYP21 mu-
tations is lower in this population (2). Nonetheless, these data
would suggest that biochemical screening of all children
born to mothers with 21-OH-deficient NCAH is mandatory.
Early diagnosis and treatment of children with NCAH may
reduce the risk of developing clinically apparent hyperan-
drogenism and may improve final height (26, 27), although
there are insufficient data to assess the efficacy and safety of
presymptomatic treatment of NCAH infants and children
(28). Hormonal screening with a basal 17-OHP level does not
detect CAH in the first 24 h of life because 17-OHP is gen-
erally elevated in all infants; therefore, sampling should be
performed between 48 and 72 h of age (28).

With the advent of newborn screening programs that de-
tect 17-OHP in blood, fewer cases of CAH are missed. How-
ever, false-positive results may occur, especially in prema-
ture and low-birth-weight infants. Alternatively, false-
negative results may be evident in some affected children
(29), especially those with milder types of CAH, including
NCAH. Newborn screening is efficient for diagnosing salt-
wasting CAH but appears to be much less effective for iden-
tifying all patients with moderate forms of CAH, in which the
false negative may be as high as 30% (30).

Of interest is the development of peri- or postpubertal
hyperandrogenism not resulting from NCAH in five girls.
All are likely to be carriers for maternally inherited mutations
of CYP21. Taking into account the rare event of a false-
negative ACTH-stimulated 17-OHP value and in the absence
of gene sequencing data, it is unlikely that these patients have
undiagnosed NCAH. Nonetheless, even with the use of low-
and high-resolution genotyping, it is always difficult to iden-
tify all the CYP21 gene mutations (31). Although we have
previously reported that mothers who are obligate heterozy-
gotes appear to be asymptomatic for the most part (32), it is
possible that some CYP21 mutation carriers develop hy-
perandrogenic symptoms. Prospective studies of larger pop-
ulations of CYP21 mutation carriers and examination of other
factors associated with hyperandrogenism are needed.

In a previous study of 38 pregnancies in NCAH patients,
Feldman et al. (33) reported on the outcome of 18 pregnancies
in 10 women occurring before diagnosis and before the ini-
tiation of a specific treatment; 12 of these resulted in a term
live birth and six (33%) ended in a first-trimester miscarriage.
After hydrocortisone treatment, they observed that 19 preg-
nancies carried to term without any spontaneous abortion
recorded. Similarly, in the present study, approximately 25%
of pregnancies occurring before diagnosis ended in a mis-
carriage, significantly higher than for those pregnancies con-
ceived after the maternal diagnosis of NCAH was estab-
lished (�6%). Consequently, the fraction of pregnancies
ending in a term delivery was lower before than after diag-
nosis (69 vs. 86%). Whether this improvement in pregnancy
outcome is because of an effect of the glucocorticoids on the
fetus or on the mother, or both, is not known. We should note
that some glucocorticoids used, such as dexamethasone,
cross the placenta (34), whereas others, such as hydrocorti-
sone or prednisone, do not (35). Unfortunately, the numbers
of patients treated with specific glucocorticoids were too few
to compare.

It is also possible that the effect of glucocorticoids on
pregnancy outcome may be mediated through an improve-
ment in maternal hyperandrogenemia. Elevated serum an-
drogen concentrations have been reported to be a risk factor
for early pregnancy loss and recurrent miscarriages in
women with and without polycystic ovary syndrome (36,
37), and an association between serum androgen levels and
endometrial dysfunction has been noted (36). These findings,
together with our data, suggest a possible detrimental effect
of elevated serum androgen levels on the progress of early
pregnancy. Prospective controlled trials will be needed to
determine the true benefit and the mechanism of action of
glucocorticoid therapy on pregnancy outcome in NCAH.

One limitation of the present study is that not all children
with NCAH have yet been detected. Although in some cen-
ters, all the children born of mothers with NCAH were eval-
uated for NCAH, other centers evaluated only those children
with clinical symptoms. Thus, some asymptomatic NCAH
children could have been missed, although they may be
diagnosed in the future.

Overall, our study suggests that the risk that a woman with
NCAH will give birth to a child with CAH is approximately
2.5%, whereas the risk of having a child with NCAH is at least
15% This study also emphasizes the importance of precon-
ception screening and diagnosis of 21-OH-deficient NCAH,
particularly in those hyperandrogenic or oligoovulatory
women who desire pregnancy, and the possible benefit of
preconception and/or antenatal glucocorticoid therapy on
pregnancy outcome.

TABLE 3. Gender distribution of NCAH children and their mothers by ethnicity

NCAH patients White non-Jewish White Jewish Hispanic Other Total

Childrena 5/94 14/31 3/31 2/6 24/162
Mothersa 3/68 6/13 2/15 1/5 12/101

The data represent NCAH-affected patients/subjects in each ethnic group.
a Significant differences by ethnicity for NCAH children and mothers (P � 0.0001 for both, � 2 test).
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