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CASE REPORT

A 31-year-old woman with infertility and polycystic ovaries
diagnosed with non-classic congenital adrenal hyperplasia
due to a novel CYP21 mutation
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ABSTRACT. A 31-yr-old woman presenting with
a history of hirsutism, amenorrhea, and infer-
tility was previously assumed to have polycys-
tic ovary syndrome. A new gynecological-en-
docrine evaluation demonstrated elevated
testosterone/SHBG ratio, serum 17-hydrox-
yprogesterone (17-OHP), and urinary preg-
nantriol. She was diagnosed with non-classic
congenital adrenal hyperplasia. In spite of
treatment with dexamethasone and fludrocor-
tisone in doses that suppressed adrenal an-
drogens and 17-OHP into normal range or be-
low, she did not ovulate. Clomiphene citrate
and then FSH/hCG treatment in several cycles
gave no consistent ovulation. Progesterone lev-
els remained elevated throughout the cycles
indicating a possible contribution from the
adrenals. Oral glucose tolerance was normal,
but the homeostasis model assessment index
indicated insulin resistance. With metformin
1500 mg daily the index decreased remarkably
from 2.77 to 0.96 with a few ovulations but no

INTRODUCTION

21-hydroxylase-deficient non-classic congenital
adrenal hyperplasia (non-classic CAH) has been
suggested to represent the most frequent mono-
genic autosomal recessive disorder in man (1). It is
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pregnancy occurred. Three cycles of IVF treat-
ment thereafter were unsuccessful. Three
months after the last in vitro fertilization (IVF)
cycle, still on dexamethasone, fludrocortisone,
and metformin, her menstruations became reg-
ular and she thereafter became pregnant. Dur-
ing pregnancy metformin was discontinued and
dexamethasone replaced with prednisolone.
Mild gestational diabetes developed and in-
sulin was given. A healthy boy was born at
term by elective Cesarean section. A CYP21-
gene analysis had not indicated any of the
known mutations but after gene sequencing a
novel mutation was found, namely R233G. This
case confirms the necessity of adding an anal-
ysis of 17-OHP when evaluating women with
hirsutism and menstrual disturbances and if an
elevated value is found, the advantage of per-
forming a mutation analysis to facilitate coun-
seling and decisions on treatment.

(J. Endocrinol. Invest. 31: 176-180, 2008)
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due to mutations within the cytochrome P450 21-
hydroxylase (CYP21) gene. Non-classic CAH affects
0.1% of Caucasian populations, 1-2% of Hispanics
and Yugoslavs and 3-4% of Ashkenazi (Eastern
European) Jews (1). In a study of 400 hirsute French
women, 6% had hormone profiles compatible with
non-classic CAH (2). Among 873 women looking in-
to symptoms of androgen excess in Alabama, USA,
1.6% were diagnosed to have non-classic CAH and
0.6% to have classic CAH, both genetically verified
(3). The difference in prevalence may reflect ethnic
dissimilarities of the two studied populations.

By definition, patients with non-classic 21-hydroxy-
lase deficiency do not have clinical signs and symp-
toms at birth, and may not be detected in neonatal
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screening programs with 17-hydroxyprogesterone
(17-OHP). Instead they often develop androgenic
symptoms during the peri-pubertal period or as
adults (4), in contrast to classic 21-hydoxylase defi-
ciency which usually demonstrates signs and symp-
toms at birth or shortly thereafter (5). In non-classic
CAH females over 10 yr of age the presenting
symptoms reported were hirsutism (59%), oligo-
menorrhea (54%), acne (33%), infertility (13%), cli-
toromegaly (10%), alopecia (8%), primary amenor-
rhea (4%), and premature pubarche (4%) (6).
Biochemical evaluation shows elevation of the
steroid precursor 17-OHP in serum either at base-
line or after ACTH stimulation. In addition, the uri-
nary excretion of the metabolite pregnantriol may
be elevated. The diagnosis may then be confirmed
by genetic testing.

Herein we report the clinical course in a female pa-
tient evaluated for infertility who was diagnosed as
non-classic CAH and was found to be the first and
hitherto only case known with a new CYP21-gene
mutation, R233G.

CASE REPORT

A 31-yr-old married woman of Swedish origin was
referred because of infertility. She was a non-smok-
er and worked as a registered nurse. She had no
family history of endocrine disorders including dia-
betes. Menarche occurred at 9 yr of age, thereafter
she had oligomenorrhea until 15 yr of age when she
lost weight, 10 kg to a body mass index (BMI) of 20.2
kg/m2, due to dieting. She developed amenorrhea
and was prescribed combined oral contraceptives,
experiencing monthly bleedings until the age of 17
yr when the pill was discontinued. Hirsutism and re-
currence of amenorrhea then followed.

A gynecological-endocrine evaluation at 19 yr of age
indicated modest hyperandrogenism with slightly
elevated serum concentrations of testosterone,
DHEAS, and androstenedione and an elevated
testosterone/SHBG ratio (0.11; reference <0.05).
Serum PRL, LH, FSH, and LH/FSH ratio were normal
as well as serum cortisol after low dose dexametha-
sone suppression. Gynecological examination re-
vealed a moderate clitoromegaly. Pelvic organs were
normal at laparoscopy. She was considered to have
polycystic ovary syndrome (PCOS) and treatment
was once again combined oral contraceptives.

The next evaluation took place 12 yr later when she
was 31 yr old, still amenorrhoic after discontinuing
the pill for 1.5 yr during which time she had tried
to become pregnant. She was moderately hirsute
with a small moustache, had no acne or signs of vir-
ilization except for a moderate clitoromegaly and
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reported no history of salt loss crisis. Her height was
168 cm and BMI 24.8 kg/m2. Blood pressure was
110/70 mmHg. Vaginal ultrasonography showed
bilateral ovaries with increased stroma and multi-
ple follicles consistent with PCO. Serum PRL, TSH,
T4 and antibodies against thyroid peroxidase were
all within normal range. Serum testosterone was
normal (2.7 mmol/l; reference 0.3-3.0) but the
testosterone/SHBG ratio was elevated (0.084; ref-
erence <0.05), serum 17-OHP was markedly ele-
vated (293 nmol/l; reference <10) as well as the uri-
nary metabolite pregnantriol (47 nmol/24-h; refer-
ence <8) and 24-h urinary excretion of cortisol was
almost normal (95 nmol/24-h; reference 100-430). A
sperm analysis of her husband indicated slight sub-
fertility probably without clinical significance. Her
diagnosis was non-classic CAH and she received
dexamethasone 0.25 mg daily but did not ovulate
in spite of increasing the dose to 0.5 mg and
adding fludrocortisone 0.05 mg daily. Clomiphene
citrate in several cycles was without effect. Several
cycles of FSH/hCG administration resulted in a
good estrogen response but no consistent ovula-
tion. Progesterone levels remained elevated (10-20
nmol/l; reference: follicular phase and menopause
<3.0, luteal phase >13.0) throughout the cycles with
unfavourable endometrial development. This indi-
cates a possible contribution from the adrenals in
spite of increased dexamethasone dose to 1 mg
per day while keeping the fludrocortisone dose at
0.05 mg daily. Serum 17-OHP and 24-h urinary
pregnantriol now showed normal low values (2.6
nmol/l and 0.8 pmol/I respectively). Serum testos-
terone and DHEAS were suppressed below the de-
tection level of the analyses. The CYP21-gene anal-
ysis was made with negative result for the known
mutations. She discontinued the corticosteroid
treatment for 1 yr and became amenorrhoic again.
Dexamethasone 0.5 mg and fludrocortisone 0.05
mg were resumed and a new evaluation was per-
formed including a normal oral glucose tolerance
test (P-glucose at 2-h was 4.6 mmol/l). However,
the homeostasis model assessment (HOMA) index,
calculated from fasting P-glucose and insulin, al-
most reached the level of insulin resistance (2.73;
>2.77 indicating insulin resistance) (7). In order to
increase insulin sensitivity metformin 1500 mg dai-
ly was prescribed. The HOMA-index decreased to
0.96 during medication. She experienced a few
ovulations but no pregnancy occurred. Once more
several cycles of FSH treatment were tried. Finally
3 cycles of in vitro fertilization (IVF)-treatment were
performed; 1 with transfer of 2 fresh embryos and
2 more cycles with transfer of 2 frozen embryos.
Unfortunately no pregnancy was achieved.



The patient continued with dexamethasone, flu-
drocortisone, and metformin. Three months after
the last IVF cycle, regular monthly menstruations
recurred and she became pregnant after another 3
months. A healthy boy was born at term by elec-
tive Cesarean section. During pregnancy metformin
was discontinued and dexamethasone replaced
with prednisolone 5 mg daily. A mild gestational
diabetes developed during the last trimester and
short acting insulin was given before meals. Glu-
cose levels and glycated hemoglobin were normal
during the rest of the pregnancy.

A second CYP21-gene analysis did not indicate any
of the known mutations but after gene sequencing
a novel mutation was found, namely R233G in he-
mi- or homozygous form (genotype R233G/dele-
tion or R233G/ R233G) (8).

MATERIALS AND METHODS

Mutation analyses of the CYP21 gene was first performed by al-
lele-specific PCR on high molecular weight DNA from periph-
eral leucocytes. This method detects the 9 CYP21 mutations that
are responsible for 95% of all disease alleles in 21-hydoxylase
deficiency (9). As none of them was detected the complete
CYP21 gene was sequenced (8).

Radioimmunoassay methods were used for the determination
of serum 17-OHP (CIS Bio International, Gif sur Yvette, France)
and androstenedione (DiaSorin S.p.A., Saluggia, ltaly). Serum
testosterone and insulin were measured by fluoroimmunoassay
(AutoDelfia, Wallac Inc, Turku, Findland). Serum DHEAS was
measured on Nichols Advantage automatic immune analyser
(Nichols Institute Diagnostics, San Clemente, California, USA).
The urinary steroid metabolite, pregnantriol, was determinated
by gas chromatography and gas chromatography-mass-spec-
trometry (10). The HOMA-index [insulin/(22.5e-n glu)] using a sin-
gle fasting sample of insulin and glucose was calculated as an es-
timation of insulin resistance (11). A threshold of 2.77 for insulin
resistance has been suggested (7). The other laboratory tests
were measured using routine assays.

DISCUSSION

Both in the National Institutes of Health (NIH) 1990
criteria and in the Rotterdam 2003 revised criteria as
well as in the Position Statement from the Androgen
Excess Society, an exclusion of other aetiologies such
as CAH, androgen-secreting tumors and Cushing’s
disease is a prerequisite for the diagnosis of PCOS
(12-14). Our patient was first evaluated several years
before these criteria came into use, hence she was
diagnosed as having PCOS instead of non-classic
CAH and did not obtain a correct diagnosis until
evaluation for infertility at an age of 31 yr.

The ultrasonographic abnormalities of the ovaries
found in our patient may be similar in women with
PCOS and non-classic CAH (15, 16). In a recent
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Turkish study 3 out of 43 patients (7%) with PCO
were diagnosed as having non-classic CAH (17)
while others have reported both higher (19%) (18)
and lower (1%) (19) prevalence, probably accord-
ing to different ethnic populations. Thus, clinical
presentation of 21-hydoxylase-deficient non-clas-
sic CAH may be indistinguishable from other con-
ditions with elevated androgens such as PCOS.
Consequently, an analysis of basal and often also
ACTH stimulated levels of 17-OHP should be in-
cluded in the diagnostic work-up of women pre-
senting with signs of androgen excess. However,
the hitherto suggested cut-off levels of basal and
ACTH-stimulated 17-OHP of >15nmol/l and >30
nmol/| respectively, have been questioned because
lower baseline values are found in a few patients
with genetically verified non-classic CAH, that can
only be detected with ACTH stimulation (20).
Another common feature seen both in women with
PCOS and non-classic CAH is a significant reduc-
tion in insulin sensitivity, although not clinical dia-
betes, among young women with non-classic CAH
as compared with controls of similar age and
weight (21, 22). Several studies have shown that in-
sulin resistance is also an integral feature of PCOS.
The associated hyperinsulinemia, suppression of
SHBG, and abnormal androgen secretion and
therewith abnormal follicular development leads to
dysfunctional ovarian and menstrual activity. The
pathogenesis has not been settled. Some authors
suggest that elevated androgens hamper insulin
sensitivity, while others favor the hypothesis that
hyperinsulinemia stimulates ovarian androgen pro-
duction (23, 24). In our patient insulin sensitivity was
substantially improved when she received met-
formin in addition to dexamethasone and fludro-
cortisone, and she experienced a few spontaneous
ovulations. This positive effect of metformin has
been confirmed in a recent structured literature re-
view of metformin treatment in clomiphene resis-
tant patients with PCOS (25).

Data regarding reproductive problems associated
with non-classic CAH mainly originates from studies
where patients had been referred for symptoms of
hyperandrogenism and/or infertility. It is obvious
that these data are not reliable. It has been shown
from family studies that many individuals with non-
classic CAH have minimal symptoms and do not
seek medical attention (5). In a case study con-
ducted in France (26), 53 females referred for hir-
sutism (62%), sterility (17%) or irregular menses
(21%) were diagnosed with non-classic 21-hydrox-
ylase deficiency. Only 20 desired a pregnancy and
10 of them became pregnant before the diagnosis
without any treatment. Nine conceived when treat-
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ed with hydrocortisone. Our patient did neither
conceive during treatment with dexamethasone
and fludrocortisone alone nor when repeated cy-
cles of clomiphene citrate or FSH/hCG were added.
During the latter treatment she produced estrogens
but a concomitant progesterone production most
likely from the adrenals inhibited the quality of cer-
vical mucus and endometrial development. This
phenomenon has been earlier described in classic
CAH patients (27). No pregnancy occurred during
three IVF cycles in spite of good quality embryos,
probably also due to an unsuitable endometrium
inhibiting implantation. Although mineralcorticoids
are not necessary in treating non-classic CAH pa-
tients in our clinical practices, we often add a low
dose of fludrocortisone to the glucocorticoid med-
ication in an effort to keep the dose of the latter as
low as possible, minimizing the risk of glucocorti-
coid side effects.

The first genetic evaluation performed in our pa-
tient used the allele-specific PCR on high molecu-
lar weight DNA from peripheral leucocytes that de-
tects the 9 CYP21 mutations responsible for 95%
of all disease-causing alleles in CAH (9). There is
generally a good correlation between the various
genetic abnormalities and the clinical phenotype
(28, 29). Three mutations in CYP21 account for the
majority of cases of non-classic CAH when present
in homozygous form or as part of a compound gen-
otype, including another CYP21 mutation. These
are V281L (30), P453S (31, 32), and P30L (33). Three
other rare mutations have been reported in associ-
ation with non-classic CAH, namely P105L (34),
R339H (35) and V304M (36). As none of these were
detected a complete CYP21 gene sequencing was
later performed (8).

Our patient demonstrated a novel mutation in as-
sociation with non-classic CAH, R233G, which was
present in either homozygous (R233G/R233G) or
hemizygous form (R233G/deletion), the latter most
probable as no consanguinity was known in the
family. The knowledge that the diagnosis of non-
classic CAH was confirmed by mutation analysis lat-
er made the patient pursue her treatment with dex-
amethasone, fludrocortisone, and metformin.

The advantage of pursuing a mutation analysis in
women with not only classic but also non-classic CAH
has been discussed recently by Moran et al. (37). In
their international multicenter study the outcomes of
203 pregnancies among 101 women with 21-hy-
doxylase deficient non-classic CAH was reviewed.
The risk of a mother with non-classic CAH giving
birth to a child with classic CAH is 2.5% and non-
classic CAH 14.8%. The knowledge of the mutations
is obviously important in counseling and treatment.
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In conclusion, although the frequency of non-clas-
sic CAH varies between different populations, this
case confirms the necessity of adding an analysis
of 17-OHP when evaluating women with hirsutism
and menstrual disturbances. The cut-off levels both
of basal 17-OHP and ACTH stimulated 17-OHP
used for the diagnosis of non-classic CAH have
however been questioned lately (20). Hence, when
the diagnosis is strongly suspected because of high
levels of androgens and increased 17-OHP, a mu-
tation analysis is recommended and, if the first is
negative, a gene sequencing in order to facilitate
decisions on counseling and treatment. The patient
finally got pregnant after a period of treatment with
a combination of dexamethasone, fludrocortisone
and metformin. It is possible that if this type of
treatment had been persisted during a longer pe-
riod without other interventions she could have got
pregnant years earlier.
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