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Abstract
Background: Children with nonclassical congenital adrenal 
hyperplasia (NCCAH) often present increased growth veloc-
ity secondary to elevation of adrenal androgens that acceler-
ates bone maturation and might compromise adult height 
(AH). Objective: The aim of the study was to analyze prog-
nostic factors affecting growth trajectory (GT) and AH in chil-

dren with NCCAH. Methods: The study was a retrospective, 
multicentric study. The study population consisted of 192 
children with a confirmed molecular diagnosis of NCCAH, 
followed by pediatric endocrinology centers from diagnosis 
up to AH. Clinical records were collected and analyzed. AH 
(standard deviation score; SDS), pubertal growth (PG) (cm), 
GT from diagnosis to AH (SDS), and AH adjusted to target 
height (TH) (AH-TH SDS) were evaluated as outcome indica-
tors using stepwise linear regression models. Results: The 
stepwise linear regression analysis showed that AH and AH-
TH were significantly related to chronological age (CA) (p = 
0.008 and 0.016), bone age (BA)/CA ratio (p = 0.004 and 
0.001), height (H) (p < 0.001 for both parameters) at NCCAH 
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diagnosis, and TH (p = 0.013 and <0.001). PG was higher in 
males than in females (22.59 ± 5.74 vs. 20.72 ± 17.4 cm, p = 
0.002), as physiologically observed, and was positively relat-
ed to height (p = 0.027), negatively to BMI (p = 0.001) and BA/
CA ratio (p = 0.001) at NCCAH diagnosis. Gender, genotype, 
biochemical data, and hydrocortisone treatment did not sig-
nificantly impair height outcomes of these NCCAH children. 
Conclusions: The results of this study suggest that AH and 
GT of NCCAH patients are mainly affected by the severity of 
phenotype (CA, BA/CA ratio, and H) at the time of diagnosis.

© 2020 S. Karger AG, Basel

Introduction

Nonclassical congenital adrenal hyperplasia (NCCAH) 
is an autosomal recessive disorder, secondary to a reduced 
function of enzymes involved in the adrenal steroid bio-
synthesis pathway. The most common enzymatic impair-
ment involves pathogenetic variants of CYP21A2 gene that 
encodes for the 21-hydroxylase enzyme. In particular, the 
V281L, P30L, and P453S point mutations have been spe-
cifically characterized in this form, especially in the Italian 
population [1–3]. These mutations are associated with 30–
50% of in vitro enzymatic residual activity, with usually 
normal cortisol and aldosterone production, but with mild 
postnatal androgen excess, leading to variable signs of hy-
perandrogenism that can manifest at any age [4, 5].

The prevalence of NCCAH is far more common than 
the classic form of 21-OH deficiency with an incidence of 
about 1:700 in the Caucasian [6] and Italian Population 
[2, 3]. The main symptoms of the disease during child-
hood and adolescence include premature pubarche, cys-
tic acne, hirsutism, and menstrual disorders [2, 5, 6]. In 
male patients, the disease may run as asymptomatic or 
poor-symptomatic, and the signs related to androgen ex-
cess might not always be clearly identifiable [7, 8]. Con-
trary to the classic form of 21-OH deficiency, no accel-
eration of intrauterine growth was detected in NCCAH 
subjects [9].

Most children with NCCAH were reported to reach an 
adult height (AH) within their target height (TH), but ac-
celerated growth and bone age (BA) advancement might, 
over time, lead to compromised AH [10–14]. A number 
of individuals with NCCAH could also remain asymp-
tomatic and experience normal growth, puberty, and 
normal reproductive function, only coming to medical 
attention as a result of kindred studies [15].

A point of ongoing debate remains whether the gluco-
corticoid therapy could improve AH in NCCAH [7, 12]. 

The aim of our study was to analyze prognostic factors 
affecting growth trajectory (GT), pubertal growth (PG), 
and AH in a large population of Italian children with  
NCCAH.

Patients and Methods

This study was designed as a multicenter, retrospective 
review of medical records of 192 children (140 females, 
52 males) with confirmed molecular diagnosis of  
NCCAH, followed by 9 Italian Pediatric Endocrinology 
Centers from diagnosis until the reaching of AH during 
the period 1998–2017. Data have been recorded and en-
tered in dedicated Microsoft Excel datasheet.

In these patients, clinical manifestation of androgen 
excess, such as precocious pubarche, growth, and bone 
maturation advancement (56.8% of study population) 
were present at NCCAH diagnosis. Postnatal clitoromeg-
aly (15% of females), hirsutism (12.8% of females), men-
strual irregularity (15% of females), acne (14.5% of study 
population), and alopecia (1.04% of study population) 
were found less frequently. In 4 males (7.69%), gyneco-
mastia was present. Nobody exhibited signs of virilization 
at birth. Only 14 patients (7.29%) were diagnosed by fam-
ily screening.

Standard ACTH stimulation test (250 mg of cosyntro-
pin i.v.) with a measurement of both 17-hydroxy-proges-
terone (17-OHP) and cortisol at 60 min was used for the 
NCCAH diagnosis [16–18]. A 17-OHP peak ≥30 nmol/L 
was considered to be diagnostic for NCCAH. A stimu-
lated cortisol level of less than 500 nmol/L (observed in 
34 patients) might justify daily glucocorticoid supple-
mentation and defined a condition at risk of adrenal fail-
ure in stress situations.

Genetic analysis was performed by the PCR sequence-
specific oligonucleotide probe method as previously de-
scribed [2]. The majority of patients (89.1% of the study 
population) underwent hydrocortisone therapy with a 
median dose at start of 12.4 mg/m2/day (range 10.2–25.2 
mg/m2/day), after NCCAH diagnosis. A small number of 
patients (12 children: 7 females and 5 males) underwent 
high-dose hydrocortisone treatment (above 17–20 mg/
m2/day), and this subgroup was also analyzed separately. 
The adequacy of the therapy was periodically monitored 
and based on clinical and laboratory data, in accordance 
with current guidelines [18].

The study population was divided by gender (males 
27.1%; females 72.9%), treated and untreated with hydro-
cortisone (89.1% treated; 10.9% untreated), and genotype 
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(29.68% V281L homozygosis, 44.79% compound hetero-
zygosis with V281L, and 25.53% other mutations, such as 
P30L/P453S, P30L/P30L, P30L/P453S, P30L/L308iT, and 
P30L/D8pb). Clinical, auxological, and biochemical data 
at the time of NCCAH diagnosis, at pubertal onset, at the 
end of puberty, and at the reaching of AH were collected 
by tertiary pediatric endocrinologists during each semi-
annual control visit in order to evaluate the GT.

Pubertal onset was defined by the appearance of pu-
bertal signs: breast buds in girls and a testicular volume 
reaching 4 mL in boys. Precocious puberty was diagnosed 
when pubertal signs appeared before the age of 8 years in 
girls and 9 years in boys.

Height (H) of the patients and of their parents was 
measured with the Harpenden-Holtain stadiometer. 
Auxological data were expressed in cm and standard de-
viation scores (SDSs) for age and gender, based on Italian 
growth standards [19]. BA was determined according to 
Greulich et al. [20] and puberty was assessed according to 
Marshall and Tanner [21, 22].

Patients’ height was considered as adult when the in-
crement was <1 cm over 1 year or when BA was 15 years 
in girls and 17 years in boys. AH adjusted to genetic target 
height (AH-TH) SDS was calculated as the difference be-
tween AH SDS and the mean parental height (TH SDS). 

TH was calculated using the formula: [father’s height + 
mother’s height]/2 ± 6.5 cm for male and female respec-
tively.

GT estimated stature growth from diagnosis to the 
reaching of AH and was calculated as the AH SDS minus 
H SDS at diagnosis of NCCAH. PG (cm) was calculated 
as H (cm) at the end of puberty minus H (cm) at the start 
of puberty.

For the hormonal analysis, blood samples were col-
lected at 08:00 a.m. after an overnight fasting. Serum total 
cortisol, 17-OHP, and delta-4-androstenedione were 
measured by each individual participating center using 
radioimmunoassay with commercial kits.

Statistical Analysis
Numerical data were expressed as mean ± SD, median 

and range, and the categorical variables as number and 
percentage. As the numerical variables were not normal-
ly distributed (as verified using the Kolmogorov Smirnov 
test), a nonparametric approach was used. We performed 
statistical comparisons first between male and female pa-
tients, then between hydrocortisone-treated and non-
treated patients, and finally by genotype, applying the 
Mann-Whitney test for numerical parameters and the χ2 
test with reference to categorical variables.

Table 1. Demographic, clinical, and biochemical features at NCCAH diagnosis, at puberty, and at AH of study 
population (all and divided by gender)

Parameters median All cases, 
n = 192

Males, 
n = 52

Females, 
n = 140

p value 

NCCAH diagnosis
Age at diagnosis, years 7.45±3.72 7.06±2.76 7.59±4.01 0.580
Height (SDS) 0.67±1.17 0.99±1.17 0.55±1.14 0.019*
BMI (SDS) 0.43±1.03 0.58±1.02 0.36±1.02 0.36
BA/CA ratio 1.49±2.36 1.39±0.26 1.53±2.77 0.011*
TH (SDS) −0.39±0.87 −0.38±0.91 −0.38±0.86 0.943
Basal 17-OHP during ACTH test, ng/mL 21.1±21.76 19.56±21.01 21.64±22.07 0.857
Peak 17-OHP during ACTH test, ng/mL 63.06±44.1 59.74±40.69 64.12±45.34 0.616

Puberty
Height (SDS) 0.38±1.76 0.78±1.17 0.19±1.95 0.065
PG, cm 21.36±14.53 22.59±5.75 20.72±17.40 0.002*

Outcomes
AH (SDS) −0.36±1.05 −0.34±1.06 −0.36±1.05 0.980
AH-TH (SDS) 0.02±0.92 −0.05±0.96 0.05±0.89 0.650
GT (SDS) 0.97±1.18 1.26±1.29 0.85±1.12 0.011*

NCCAH, nonclassical congenital adrenal hyperplasia; BA/CA ratio, bone age/chronological age ratio; TH, 
targeted height; 17-OHP, 17-hydroxy-progesterone; PG, pubertal growth; AH, adult height; AH-TH, adult height 
adjusted to targeted height; GT, growth trajectory; SDS, standard deviation score. The asterisk indicates statistically 
significant values (p < 0.05).
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Finally, a stepwise multivariate linear regression mod-
el was estimated in order to identify the most significant 
predictors of 4 outcome of interest: AH (SDS), PG (cm), 
GT (SDS), and AH-TH. The predictor variables inserted 
in the models as covariates were age at diagnosis, gender, 
birth length (SDS), birth weight (SDS), height at NCCAH 
diagnosis (SDS), BMI at diagnosis (SDS), BA/CA ratio, 
genetic target (SDS), pubertal stage, basal 17-OHP level, 
17-OHP peak after ACTH stimulation tests, delta-4-an-
drostenedione levels, and hydrocortisone doses.

All statistical analyses were performed using SPSS 22.0 
for Window package. A p value smaller than 0.05 was 
considered to indicate statistical significance.

Results

Overall Study Population/Characteristics
The median age at NCCAH diagnosis in our study 

population was 7.1 years (range 3.0–19.0) and 67.9% of 
patients were diagnosed during prepubertal age. Demo-
graphic, clinical, and biochemical features of the study 
population are shown in Table 1. At NCCAH diagnosis, 
the only differences among the 2 gender groups were 
higher H and BA/CA ratio in male patients than females 
(Table 1). PG (cm) and GT (SDS) were significantly great-
er in NCCAH males than females, as expected and phys-
iologically observed (Table 1). AH SDS and AH-TH SDS 
were not significantly different in both genders (Table 1). 

AH-TH SDS was related with H SDS at NCCAH diagno-
sis (p = 0.014) and H SDS at start of the puberty (p < 0.001) 
(Table 2).

Hydrocortisone Treatment
Demographic, clinical, and biochemical features of the 

study population divided into treated with hydrocorti-
sone and untreated are shown in Table 3. The majority of 
our NCCAH patients underwent hydrocortisone treat-
ment (89.1%); 87.9% of females and 92.3% of males un-
derwent hydrocortisone therapy. In a small subgroup of 
12 patients treated initially with higher dose of hydrocor-
tisone, a significantly higher BA/CA ratio (1.47 ± 0.33 
SDS vs. 1.12 ± 0.52 SDS p = 0.01) and basal 17-OHP (35.1 
± 28.9 SDS vs. 20.63 ± 19.98 SDS; p = 0.01) at NCCAH 
diagnosis were revealed, in comparison with others treat-
ed with standard dose. We observed that untreated pa-
tients (only 19 cases) were older and had a milder clinical 
and biochemical picture at the NCCAH diagnosis (Ta-
ble 3).

A statistical comparison was performed; however, the 
disproportionate difference in group size might affect the 
reliability of the results obtained (Table 3). PG (cm) and 
GT (SDS) results were similar between treated and un-
treated patients (Table 3), but untreated NCCAH patients 
presented a trend (p = 0.053) toward higher AH SDS than 
those who were on hydrocortisone replacement.

Genotype/Phenotype Correlations
Demographic, clinical, and biochemical features of the 

study population, divided into 3 subgroups according to 
different genotypes, are shown in Table  4. The 3 sub-
groups were very similar among them, excepting for the 
baseline levels of 17-OHP, that were lower in the sub-
group of homozygotes for V281L mutation (Table  4). 
Moreover, our results were in line with the findings from 
the literature that homozygotes for P30L mutation pa-
tients or compound heterozygotes with the second clas-
sical mutation generally had higher 17-OHP levels after 
the ACTH stimulation [23]; however, they were not sta-
tistically significant (Table 4). PG (cm), GT (SDS), and 
AH (SDS) were similar across the 3 genotypes (Table 4).

Multivariate Regression Analysis of Growth 
Parameters
The results of the multivariate regression analysis are 

presented in Table 5. AH and AH-TH (SDS) resulted neg-
atively related to age and BA/CA ratio at NCCAH diag-
nosis and positively related to H SDS at NCCAH diagno-
sis (Table 5). PG (cm) was related to the same parameters 

Table 2. Simple correlation of different variables affecting delta 
AH-TH (SDS)

95% confidence interval

variables p value

Outcome delta AH-TH
Age at diagnosis 0.55
H at diagnosis (SDS) 0.014*
BA/CA ratio 0.12
Birth length (SDS) 0.780
Birth weight (SDS) 0.510
BMI at diagnosis (SDS) 0.270
Bone age at diagnosis 0.097
H at pubertal onset (SDS) 0.000*
PG, cm 0.07

AH-TH, adult height adjusted to targeted height; H, height; 
BA/CA ratio, bone age/chronological age ratio; SDS, standard 
deviation score.; PG, pubertal growth. The asterisk indicates 
statistically significant values (p < 0.05).
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Table 3. Demographic, clinical, and biochemical features at NCCAH diagnosis at puberty and at AH of study 
population divided by treated and untreated

Parameters median Treated, 
n = 171

Untreated, 
n = 21

p value

NCCAH diagnosis
Age at diagnosis, years 7.00±2.82 11.10±6.95 0.002*
Height (SDS) 0.67±1.19 0.68±0.921 0.57
BMI (SDS) 0.44±1.04 0.32±0.93 0.47
BA/CA ratio 1.52±2.47 1.21±0.14 0.04*
TH (SDS) −0.39±0.86 −0.35±0.96 0.62
Basal 17-OHP during ACTH test, ng/mL 22.15±21.69 12.69±21.05 0.008*
Peak 17-OHP during ACTH test, ng/mL 63.82±43.37 56.81±51.29 0.24

Puberty
Height (SDS) 0.34±1.80 0.72±1.39 0.75
PG, cm 20.04±5.92 38.16±49.03 0.153

Outcomes
AH (SDS) −0.41±1.01 −0.27±1.36 0.053
AH-TH (SDS) −0.28±0.89 0.57±1.07 0.061
GT (SDS) 1.00±1.20 0.59±0.83 0.951

NCCAH, nonclassical congenital adrenal hyperplasia; BA/CA ratio, bone age/chronological age ratio; TH, 
targeted height; 17-OHP, 17-hydroxy-progesterone; PG, pubertal growth; AH, adult height; AH-TH, final height 
adjusted to targeted height; GT, growth trajectory; SDS, standard deviation score. The asterisk indicates statistically 
significant values (p < 0.05).

Table 4. Demographic, clinical, and biochemical features at NCCAH diagnosis at puberty and at AH of study population with comparison 
between the groups with different genotype

Parameters median V281L 
homozygosity, 
n = 57

V281L 
heterozygosity, 
n = 86

Other 
mutations, 
n = 49

p valuea p valueb p valuec

NCCAH diagnosis
Age at diagnosis, years 7.95±2.76 7.07±3.90 7.89±4.23 0.09 0.52 0.39
Height (SDS) 0.69±1.08 0.61±1.20 0.81±1.20 0.87 0.51 0.42
BMI (SDS) 0.45±1.17 0.42±0.97 0.34±0.96 0.88 0.73 0.84
BA/CA ratio 1.30±0.20 1.71±3.58 1.39±0.35 0.94 0.05 0.05*
TH (SDS) −0.41±1.01 −0.32±0.82 −0.44±0.82 0.48 0.84 0.71
Basal 17-OHP during ACTH test, ng/mL 12.71±11.52 21.61±20.83 29.96±28.38 0.029* 0.002* 0.14
Peak 17-OHP during ACTH test, ng/mL 57.42±50.07 62.29±37.13 71.75±49.25 0.14 0.13 0.74

Puberty
Height (SDS) 0.16±2.65 0.42±1.13 0.5961±1.32 0.97 0.54 0.51
PG, cm 24.87±24.48 19.90±5.23 19.79±5.87 0.21 0.37 0.98

Outcomes
AH (SDS) −0.38±1.06 −0.39±1.035 −0.24±1.11 0.82 0.87 0.53
AH-TH (SDS) 0.12±0.99 −0.09±0.81 0.10±1.02 0.25 0.94 0.28
GT (SDS) 0.99±0.96 0.98±1.26 0.99±1.26 0.82 0.94 0.71

NCCAH, nonclassical congenital adrenal hyperplasia; BA/CA ratio, bone age/chronological age ratio; TH, targeted height; 17-OHP, 
17-hydroxy-progesterone; PG, pubertal growth; AH, adult height; FH-TH, final height adjusted to targeted height; GT, growth trajectory; 
SDS, standard deviation score. The asterisk indicates statistically significant values (p < 0.05). a Homozygosity V281L versus heterozygosity 
V281L. b Homozygosity V281L versus other mutations. c Heterozygosity V281L versus other mutations.
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as AH (Table 5). Moreover, the multivariate regression 
analysis revealed that GT SDS was positively related to the 
birth length; age, H, BA/CA ratio, and 17-OHP peak at 
ACTH test at NCCAH diagnosis (Table 5).

Discussion/Conclusion

Our study is one of the few that evaluated growth pat-
terns and AH of NCCAH patients. We analyzed a large 
population of Italian NCCAH children, which allowed us 
to have a full evaluation of GT and to improve our knowl-
edge about the auxological history of these patients. In-
creased growth velocity and advanced BA were the most 
significant symptoms of androgen excess in NCCAH 
children and they could influence GT and determine AH 
[24].

While it is well known that poor height prognosis in 
classical congenital hyperplasia patients could be signifi-
cantly improved by the early start of appropriate gluco-

corticoid and mineralocorticoid replacement therapy, the 
same could not be fully confirmed for NCCAH patients 
[25]. Most of the studies about this topic in NCCAH, in 
fact, often showed unclear and discordant results [6–8, 
12, 13].

Females were the strongly predominant gender group 
in our study population: this finding was not indicative 
of a significative prevalence of the disease in females, but 
it was probably due to the fact that the symptoms related 
to hyperandrogenism were often unrecognizable or dif-
ficult to identify in males, who are usually diagnosed lat-
er, especially during pubertal age, as previously de-
scribed [11, 22]. More evident and prominent clinical 
presentation of hyperandrogenism in females could ex-
plain such strong prevalence of girls in our study popu-
lation. In our retrospective study, we also observed that 
the vast majority of male patients underwent hydrocor-
tisone treatment and this therapeutic choice was prob-
ably influenced by the severity of androgen excess man-
ifestations.

Table 5. Multivariate regression analysis of different variables affecting AH, PG, and GT in NCCAH children

Variables Multivariate analysis 95% confidence interval

β-coefficient lower limit upper limit p value

Outcome AH
Age at diagnosis −0.13 −0.22 −0.04 0.008*
H at diagnosis (SDS) 0.85 0.59 1.11 0.000*
BA/CA ratio −1.6 −2.66 −0.55 0.004*

Outcome PG
Gender 3.73 0.78 6.68 0.014*
Birth weight (SDS) 1.38 −0.18 2.93 0.081*
H at diagnosis (SDS) 2.54 0.3 4.78 0.027*
BMI diagnosis (SDS) −2.76 −4.33 −1.19 0.001*
BA/CA ratio −13.28 −20.52 −6.04 0.001*

Outcome GT
Age at diagnosis 0.230 0.150 0.300 0.000*
Birth length (SDS) 0.180 0.010 0.340 0.038*
H at diagnosis (SDS) 0.290 0.090 0.506 0.005*
BA/CA ratio 1.350 0.500 2.190 0.002*
17-OHP peak 0.007 0.002 0.012 0.008*
Hydrocortisone dose 0.034 −0.001 0.069 0.055

Outcome AH-TH
Age at diagnosis −0.120 −0.220 −0.020 0.016*
H at diagnosis (SDS) 0.820 0.550 1.110 0.000*
BA/CA ratio −1.820 −2.910 −0.740 0.001*
Hydrocortisone dose −0.038 −0.083 0.008 0.105

NCCAH, nonclassical congenital adrenal hyperplasia; H, height; BA/CA ratio, bone age/chronological age 
ratio; TH, targeted height; 17-OHP, 17-hydroxy-progesterone; PG, pubertal growth; AH, adult height; AH-TH, 
adult height adjusted to targeted height; GT, growth trajectory; SDS, standard deviation score. The asterisk 
indicates statistically significant values (p < 0.05).
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As previously described, premature pubarche, associ-
ated with accelerated growth velocity and advanced BA, 
was the most common symptom at NCCAH onset in 
both sexes in our population [2, 3, 10, 24, 26]. Moreover, 
the presenting symptoms could vary by age at NCCAH 
diagnosis. During adolescence, acne and menstrual irreg-
ularities were the most common symptoms indicating the 
disease in females. Acne was also fairly frequent in ado-
lescent males in our study population.

It emerged that the genotype could influence pheno-
type not only in classical form [27], but also in NCCAH, 
and that some kind of mutation could be responsible of a 
more severe or mild form of the disease [1, 8, 9, 23]. The 
data indicated that, NCCAH children with mild/severe 
genotype exhibited more accelerated growth, BA, and 
earlier puberty than those with mild/mild genotype, but 
their AH resulted lower. Moreover, young females with 
mild/severe genotype also had more menstrual irregular-
ities than females with the mild/mild genotype [2, 3, 23, 
28–31]. In our study population, we did not find any evi-
dent correlation between genotype and phenotype, ex-
cept for lower 17-OHP levels (basal and stimulated) in the 
subgroup of homozygotes for V281L mutation, probably 
due to major enzymatic residual activity [1, 32]. The small 
number of compound heterozygote patients with severe 
mutations of CYP21A2 gene (only 21 cases) did not allow 
us to perform a valid statistical analysis. In our study, the 
comparison between patients treated with hydrocorti-
sone and untreated ones did not evidence significant dif-
ferences on GT, but the statistic value of these results is 
limited by the small relative size of the untreated group 
and perhaps by some initial bias in the choice to treat or 
not.

The role of hydrocortisone treatment on the achieve-
ment of AH was always debated. Previous literature sug-
gested early diagnosis and initiation of glucocorticoids 
therapy to improve height outcome in NCCAH children 
[7, 24]. Recent findings revealed that NCCAH patients 
did not always need long-term hydrocortisone treatment, 
especially those with a cryptic form [10, 18, 31].

As the Endocrine Society Guidelines recommended, 
hydrocortisone treatment has to be usually considered in 
prepubertal children with an early and inappropriate pu-
bertal onset with rapid progression of adrenarche and/or 
growth and/or BA. It could be also considered for adoles-
cents who demonstrated important and clinically signifi-
cant hyperandrogenism, in order to suppress adrenal 
production of androgens [18, 26].

Moreover, we find a small group of our study popula-
tion treated with a dose above 17–20 mg/mg/day in hy-

drocortisone equivalents, which exceeded the recom-
mended dosage of the classical congenital hyperplasia 
guidelines from The Endocrine Society. This small group 
probably needed more high suppressive dose of glucocor-
ticoids to obtain improvement in clinical signs of andro-
gen excess [7].

It is important to underline that when daily glucocor-
ticoids are initiated, especially at supra-physiological dos-
es, hypotalamic-pituitary-axis will be suppressed, and the 
risk of adrenal crisis during severe stress will increase. For 
this reason, glucocorticoid stress dosing could be suggest-
ed also in NCCAH patients with a suboptimal cortisol 
response to cosyntropin [10, 26, 31].

There are no studies in the literature about the bone 
status on glucocorticoid-treated patients with NCCAH, 
although many reports consider these subjects to be at 
risk for osteoporosis and fractures [33]. The replacement 
doses of glucocorticoids currently used in NCCAH pa-
tients seemed to have no great impact on bone [34].

Most of the patients of our study population under-
went chronic hydrocortisone treatment, as previously 
recommended [35, 36]. Our retrospective data analysis 
showed that treated NCCAH patients presented an ear-
lier age at diagnosis of the disease, a worse biochemical 
picture than untreated ones, and a clinical presentation 
suggestive of severe androgens excess.

Untreated patients seemed to show a trend to reach a 
better AH, so further and larger studies would be needed 
to confirm this condition. In this subgroup, the better 
height outcome was probably due to a milder phenotype. 
The severity of symptoms of androgen excess could influ-
ence the decision about the initiation of hydrocortisone 
therapy. Current consensus on NCCAH, which suggests 
not to treat in the absence of androgen excess and normal 
stimulated cortisol level and provided only stress dose 
cover, has changed our approach to this disease in recent 
years [18, 37]. In our study population, we observed that 
treated NCCAH patients seemed to have not only poorer 
height outcome but, above all, might present full adrenal 
suppression associated with higher risk of adrenal crisis 
due to supra-physiological glucocorticoid substitution.

Limitations of the Study
The retrospective character of our protocol and the 

disproportion between the number of compound hetero-
zygotes patients with severe mutations of CYP21A2 gene 
(only 21 cases) and other genotype and between treated 
and untreated patients are limitations of the study.
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Conclusions

The results of this study suggest that AH and GT of 
NCCAH patients are mainly affected by the severity of 
phenotype (CA, BA/CA ratio, and H) at the time of diag-
nosis, whereas gender, genotype, biochemical data, and 
hydrocortisone treatment do not significantly impair 
height outcome of these NCCAH children.
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