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Abstract

Background: Growth patterns in congenital adrenal hyper-
plasia (CAH) are challenging. Androgen excess can occur at
any age leading to accelerated growth, early epiphyseal closure
and compromised final height (FH). The FH in CAH isusually
expected to be lower than predicted based on parental height or
compared to the healthy population.

Aim of Sudy: To evaluate growth and FH in patients with
CAH.

Patients and Methods: This retrospective study included
34 patients diagnosed with classic CAH (27 salt wasting and 7
simple virilizing). An anthropometric assessment was done for
the patients and their parents to estimate the FH, target height
(TH) and corrected FH (FH — TH). Therapeutic and biochemi-
cal data were obtained from their clinical records.

Results: FH and FH SDS were 161.35+6.56cm; -1.74 SD
and 151.16cm; -1.46 SD in males and females respectively. FH
showed more than 5cm reduction compared to TH (p<0.05).
However, there was no significant difference between the cor-
rected FH SDS and TH SDSin both sexes (p>0.05). Patients
with SV CAH had worse FH and TH as well as their SDSs
(p<0.05). Males with earlier onset of puberty had reduced FH
(p<0.05). Mean androgen levels and glucocorticoid doses did
not significantly impair FH in our patients (p>0.05).

Conclusion: The corrected FH of our CAH patients, de-
spite being lower than the normal popul ation, was appropriate
to their TH. FH was influenced by genetic potential in both sex-
esaswell asonset of puberty in males.
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Introduction

CAH comprises a group of genetic disorders lead-
ing to defects in adrenal steroid biosynthesis with
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or without aldosterone deficiency and an increase
in the production of ACTH through negative feed-
back [1]. The most common form is 21-hydroxylase
deficiency (210OHD), which forms more than 90%
of the cases[2]. In classic CAH, 75% of the patients
have the salt-wasting (SW) and 25% have the sim-
ple-virilizing (SV) phenotype. CAH is suspected
shortly after birth if there is genital ambiguity, rang-
ing from slight clitoromegaly to complete masculin-
ization with the acceleration of growth and pubertal
development [3]. Glucocorticoid therapy aimsto re-
duce the excessive secretion of corticotropin (CRH)
and Adrenaocorticotropic hormone (ACTH) and thus
suppress the inappropriate production of adrenal
sex steroids. Clinicians usually monitor growth pa-
rameters and androgen levels[i.e., androstenedione,
testosterone, and 17-OH progesterone] and adjust
medical therapy to achieve age-appropriate bone
age and linear growth [4].

Final height (FH) in early and late-onset CAH
patients has been reported as diminished [5]. Several
factors contribute to the failure to achieve optimal
FH in patients with CAH. Excess adrenal androgens
could result in accelerated linear growth, accompa-
nied by premature fusion of the epiphyses, ultimate-
ly compromising adult stature. Additionally, central
precocious puberty might develop in patients with
CAH due to androgen activation of the hypothalam-
ic-pituitary-gonadal axis, thus exacerbating prema-
ture epiphyseal fusion. Finally, chronic glucocorti-
coid therapy in CAH, even at replacement doses,
has been shown in previous studies to be associat-
ed with poor growth, and long-term glucocorticoid
therapy during childhood, particularly during the
pubertal growth spurt, can compromise FH [6].

Patients and M ethods

Thirty-four patients with a documented history
of classic CAH with regular follow-up were en-
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rolled. The exclusion criteriaincluded patients with
non-classic CAH, those treated with growth hor-
mone, or chronic use of medications which might
affect growth like immunosuppressive drugs. Pa-
tients who received GnRH anal ogues or aromatase
inhibitors were also excluded.

Sudy proper:

Data considering height, weight, body massin-
dex (BMI) and their SDSs were analyzed at differ-
ent ages [at birth, 6 months, 1 year, 2 years, then
yearly until reaching puberty] and then till FH was
achieved [7]. FH was defined as GV lessthan 1cm
per year and fused epiphysesin radiographs. Target
height (TH) was obtained using the formula: [ma-
ternal height + paternal height — 13cm for girls and
+ 13cm for boys]/2 [8]. FH and TH SDSs were cal-
culated. Corrected FH was defined as the difference
between FH and TH SDS (FH SDS—TH SDS), thus
comparing the FH to the genetic height potential.
Vaues above zero were interpreted as genetical -
ly appropriate height and values less than zero as
height below the genetic potential.

Pubertal growth (PG) was defined as growth
from the onset of puberty until FH was achieved.
The onset of puberty was defined as breast stage B2
in girls and testicular volume of >4mL in boys [9,10].

Regarding the therapeutic data, we recorded the
type of glucocorticoid used, duration of glucocorti-
coid therapy and daily glucocorticoid dose. Differ-
ent glucocorticoids used were converted to equiva-
lent hydrocortisone doses. We added the daily doses
to obtain the cumulative dose in mg throughout
therapy. The cumulative dose was calcul ated by
summating the quarterly dosesin mg/m . The mean
daily glucocorticoid dose in mg/m" was obtained by
dividing the cumulative dose in mg/m™ by the num-
ber of daysin the corresponding duration. Androgen
levels at diagnosis and mean androgen levels at dif-
ferent intervals were also recorded. Bone age was
documented at puberty and FH. Bone age was es-
timated from X-ray films of the left hand and wrist
according to [11].

Satistical analysis: Quantitative data were pre-
sented as mean and standard deviation using SPSS
version 20. An Independent t-test was used to com-
pare the means of the two groups. Qualitative data
were presented as numbers and percentages. The
chi-square test or Fisher exact test was used to com-
pare between two or more proportions.

Results

Sociodemographic data:

The mean age at diagnosis was 1.9+3.01 and
1.75+2.47 yearsin males and females respectively.
Seven patients had simple virilizing CAH (20.5%).
Regarding the initially assigned sex, 24 patients
were assigned as females at birth (70.5%), while 10

patients were assigned as males (29.5%); of which
4 patients were found to have a 46, XX karyotype,
giving atotal of 28 female patients with 46, XX kar-
yotype (82.3%) and 6 patients with 46, XY karyo-
type (17.6%). The mean age of our patients at the
time of recruitment was 18.23+3.58 years. Genital
ambiguity was the most common presenting com-
plaint in 25 patients (73.5%), followed by persistent
vomiting in 11 patients (32.3%). Consanguinity was
reported in 21 patients (61.7%) with similar condi-
tionsin afamily member in 8 patients (38%).

Auxological data:

Length/height at diagnosis was 76.3+32.2 cm;
-0.65 SD and 73.9+26.5 cm; 0.06 SD in males and
females respectively. The mean age at FH was
14.1+1.95 and 13.5+1.75 yearsin males and females
respectively with a mean bone age of 16.14+1.35
and 15.4+1.7 years.

Males had significantly higher pubertal growth
compared to females (p<0.05). Patients with SV
CAH had worse FH and TH aswell astheir SDSs
(p<0.05). Auxologica data are shown in Tables (1)
and (2). About 47.2% of our patients had FH below
their TH with significantly lower FH SDS (p<0.05).
However, there was no significant difference be-
tween the corrected FH SDS and TH SDS (p>0.05)
as shown in Table (3). Furthermore, nearly a quarter
of our patients had genetically appropriate heights (7
patients). The biochemical and therapeutic data of
our patients are shown in Tables (4,5) respectively.

Growth pattern of our patients:

Infancy: The height SDS was normal at birth
with a slight decline during the first 2 years of life.

Childhood and adolescence: The height SDS
increased significantly after the age of 3 years. The
pubertal growth spurt was reached approximately at
9 and 10 years of age in females and males respec-
tively. However, there was a decel eration between
11-15 and 12-16 years of age in females and males
respectively. The patients’ growth pattern is shown
in Figs. (1,2).

Regarding the possible attributing factors, there
was a negative correlation between FH and each of
height and height SDSin thefirst 2 years of lifein
males only (p<0.05), and a positive correlation at 15
and 16 years of age (p<0.05), while a positive cor-
relation was found between FH and each of height
and height SDS from 3 till 16 years of age in fe-
males (p<0.05).

Twenty-one patients were overweight or obese
(61.7%). Interestingly, there was a negative correlg-
tion between FH in males and each of BMI (kg/m")
and BMI SDSfrom 9 to 14 years of age (p<0.05).
We also found a negative correlation between FH in
females and each of BMI (kg/m") and BMI SDS at
14 and 15 years of age (p<0.05).



Rana A.A. Mahmoud, et al.

FH in males with earlier onset of puberty was
reduced compared to those with normal pubertal on-
set (151.00+0.00 versus 163.60+4.18 cm) (p<0.05).

Bone age advancement didn’t seem to affect
FH in our patients (r=—0.739, p=0.058; r=—0.060,
p=0.762) in males and females respectively. Also,
there was no correlation between FH in both sex-
es and the mean serum androgen levels throughout
treatment (17 OH-P ng/ml, DHEA ug/ml, free testos-
terone pg/ml) (p>0.05). However, there was a neg-
ative correlation between FH in females and their
initial free testosterone level (r=—0.390, p=0.049).

Table (1): Auxological data of patients.
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Regarding the effect of glucocorticoid therapy,
no correlation was found between FH in both sexes
and age at starting glucocorticoid therapy (r=—0.403,
p=0.594). Also no correlation was found between
FH in males and females and each of cumulative
glucocorticoid dose in mg (r=—0.344, p=0.449; r=
0.2222p=0.246), cumulative glucocorticoid dose in
mg/m”/day (r=0.135, p=0.773; r=0.187, p=0.332),
mean daily glucocorticoid dose in mg/m /day (r=
—0.324, p=0.478; r=-0.111, p=0.567) or gluco%or-
ticoid dose at the time of examination in mg/m- (r
=-0.247,p=0.594; r=—0.244, p=0.202) respectively.

Sex
P

Females Males value

Target height (cm) Mean £ SD 156.62+6.21 168.14+3.38 0.000
Target height SDS Median (IQR)  -0.92(-1.63--0.15) -0.88(-1.23--0.77) 0.786
Final height (cm) Mean + SD 151.16+7.54 161.35+6.56 0.004
Final height SDS Median (IQR)  -1.46(-2.8--0.88)  -1.74(-2.74--1.31) 0.619
Corrected final height SDS  Median (IQR)  -0.75(-1.8—--0.15)  -1.01(-1.67--045) 0.735
Pubertal height (cm) Mean £ SD 145.67+8.67 143.48+6.15 0.563
Pubertal height SDS Median (IQR)  0.74 (0.05 - 2.16) 1.19(0.55- 1.78) 0.619
Pubertal growth (cm) Median (IQR) 55(2.15-8) 14.5 (6.3 - 20) 0.028

cm: Centimeter. SDS: Standard deviation score.  |QR: Interquartile range.
Table (2): Auxologica data of patients regarding phenotype.
Phenotype
P

Salt wasting Simplevirilizing value

Target height (cm) Mean + SD 160.54+6.84 153.42+6.09 0.010
Target height SDS Median (IQR)  -0.77(-1.17--0.13) -1.42(-1.83--1.25) 0.009
Final height (cm) Mean £ SD 154.73£7.62 148.03+8.47 0.035
Final height SDS Median (IQR)  -15(-242--0.86) -2.84(-3.34--1.22) 0.101
Corrected final height SDS  Median (IQR)  -0.83(-1.77--0.29) -0.3(-1.67--0.12)  0.668

cm: Centimeter. SDS: Standard deviation score. IQR: Interquartile range.

Table (3): Relation between target height SDS and each of final height SDS and corrected final height

SDS.

Females

Males

Total

Median (IQR)

Median (IQR)

Median (IQR)

Final height SDS
Target height SDS
p-value

Corrected final height SDS*

Target height SDS
p-value

-1.46 (-2.80 —-0.88)
-0.92 (-1.63 —-0.15)

0.001

-0.75(-1.80 —-0.15)
-0.92 (-1.63 —-0.15)

0.873

-1.74 (-2.74 - -1.31)
-0.88(-1.23 —-0.77)

0.046

-1.01(-1.67 —-0.45)
-0.88(-1.23--0.77)

0.917

-1.59 (-2.75—-1.00)
-0.92 (-1.59 —-0.21)

<0.001

-0.75(-1.77 —-0.17)
-0.92 (-1.59 —-0.21)

0.871

SDS: Standard deviation score. IQR: Interquartile range.
*Values above zero were interpreted as genetically appropriate height and values less than zero as height below the

genetic potential.
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Table (4): Biochemical data of patients.

Table (5): Therapeutic data of patients.

Males Females Duration of glucocorticoid Mean+ SD 15.14+3.42
therapy (years)
Mean free testosteronepg/ml at ~ 1.24+1.2  1.55+1.1 glucocorticoid dose at thetime  Mean+ SD  16.24+6.41
diagnosis of enrollment (mg/m)

Mean serum 17 OH-Png/ml at  17.1+4.9  22.3+15.47 Cumulative glucocorticoid dose  Mean+ SD  91457.19+
diagnosis (mg) 35687.82
Mean free testosterone pg/ml at 114377 2.26+2.9 Total cumulative glucocorticoid Mean + SD  83270.26+
final height dose (mg/m-) 24707.93
Mean serum 17 OH-P ng/ml at 7.15+55 35.4+29.1 Mean daily glucocorticoid Mean+SD 15.67+3.26

fina height therapy (mg/mzlday)
ng/ml: Nanograms per deciliter. SD: Standard deviation.
pg/ml: Picograms per milliliter. mg: Milligram.
17 OH-P: 17 hydroxyprogesterone. mg/m2: milligram per squared meters.
Females Males
250
2.00
1.50
1.00
0.504
A 0.00-
(@]
0.50
1.004
1.50
2.00
250 - -
Ageinyears Ageinyears
Wight SDS Height SDS BMI SDS Wight SDS Height SDS BMI SDS

Fig. (1): Anthropometric measurementsin females at different
points of follow-up.

Discussion

Patients with CAH due to 210HD usually show
reduced FH compared to the general population.
This could be either due to overtreatment by exces-
sive steroid doses or under treatment resulting in
increased androgen levels[12].

Our patients had aFH and FH SDS 161.35 +
6.56 cm; -1.74 (-2.74 - -1.31) SD and 151.16 + 7.54
cm; -1.46 (-2.8 - -0.88) SD for males and femalesre-
spectively, these values were lower than the height
ranges in normal adult Egyptians (170.3 cm and
158.9 cm for males and femal es respectively), sim-
ilar results were reported in other studies conducted
in Egypt, Turkey, Europe and Canada[13-20] . Multi-
ple factors affect the FH in CAH patients including
the presence or absence of routine neonatal screen-
ing for CAH with early detection and treatment of
cases [21] and the potential effect of steroid therapy
on FH [22] or poor disease control in some patients
reducing FH [13].

Even though the FH of our patients was lower
than the absolute normal adult ranges in Egypt as

Fig. (2): Anthropometric measurementsin males at different
points of follow-up.

well astheir TH, comparing the patients correct-
ed FH SDSto their corresponding TH SDS showed
no statistical significance, indicating that our pa-
tients achieved their genetic potential. Interestingly,
the height ranges of the parentsin our study were
slightly below the reference means. It is question-
ableif the parents could harbor the mutation with
variable phenotype and missed diagnosis. The high
consanguinity rate in our country and the complex-
ity of the CYP21 (CYP21A2) and its pseudogene
together with genotype-phenotype interaction could
be responsible for unidentified variants in the par-
ents, with different phenotypes which could have
passed undiagnosed [23].

Regarding the growth pattern, our patients had
a mediocre growth pattern between birth and the
second year of life, more observed in males. The
observed pattern could be explained by the fact that
most of our patients had the SW phenotype, present-
ing earlier and necessitating higher glucocorticoid
dosage, which could have impaired their growth
during infancy. Additionally, males might experi-
ence several attacks of salt-wasting crises before
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being diagnosed. Similar results were previously
reported in other studies [17,24]. During childhood,
male CAH patients had more accelerated linear
growth, followed by a greater pubertal growth spurt
compared to female CAH patients. This could in-
dicate that the signs of androgen excess were more
concerning in females, who could have been given
more suppressive doses of glucocorticoids, result-
ing in the observed growth pattern. Interestingly,
femal es showed better FH SDS and corrected FH
SDS than males, however, the difference didn’t
reach significance.

In our study, FH was significantly lower in
the SV phenotype compared to the SW phenotype
148.03+8.47 cm versus 154.73+7.62 cm respective-
ly. Similarly, Juan et a., 2016 found that FH was
lower among the SV phenotype[25]. On the contra-
ry, other studies revealed that patients with the SV
phenotype had better FH in comparison to the SW
phenotype[15]. It has been shown that patients with
SW phenotype are usually diagnosed earlier, with
early intervention preserving their FH [17].

In the current study, the mean dally glucocor-
ticoid dose was 15.67+3.26 mg/m?/day. In another
study improvement in FH in patlents receiving a
glucocorticoid dose of 13.05 mg/m /day was ob-
served compared with 14.85 mg/m’ /day, suggesting
arelatively narrow therapeutic margin [26]. Further-
more, Juan et a.,[25] and Aycan et al.,[27] found th
amean daily gl ucocortlcmd dose of 18.91 mg/m’/
day and 17.64+3.60 mg/m?/day respectively, ended
up with FH below the TH. Injudicious increasesin
glucocorticoid doses, despite their role in inhibiting
androgen production, could be associated with poor
growth velocity. This directs us to the importance
of using the lowest possible dose [26]. However, in
our study, we found no correlation between FH and
the cumulative doses or mean daily doses of gluco-
corticoids. Similar to other studies, no correlation
was found between dexamethasone and FH in our
patients [15,28]. Dexamethasone is estimated to be
almost 100 folds more potent than hydrocortisone,
thus the liability to overtreatment is more likely [29].
However, previous studies reported that children
who received dexamethasone showed normal linear
growth with acceptable FH [30,31].

There was no correlation between each of FH
and FH SDS in both sexes and age at starting glu-
cocorticoid therapy. Similar results were observed
in other studies [24,32]. It is expected that patients
who started therapy at earlier ages could achieve FH
closer to their TH. However, infants and children
were sometimes found to receive excess glucocor-
ticoid doses, especially those with an earlier diag-
nosis who have severe clinical courses, resulting
sometimes in poor growth [17]. This might explain
the reduced FH in femalesin our study having se-
vere forms of genital ambiguity at birth, indicating a
more severe phenotype, necessitating more aggres-

1021

sive treatment. Variations regarding the effect of
glucocorticoids could also be attributed to the broad
genotypic spectrum of 210HD [23] or the influence
of demographic or other relevant patient factors[33].

The bone age of our patients was advanced on
average by 2 years compared to chronological age
at FH. Thisis comparable to previous observations
in one study [34], however, other studies observed
smaller variations between bone age and chronolog-
ical age at the onset of puberty [13,35]. This could be
explained by the relationship between bone matu-
ration and the degree of disease control where bone
age was found to be significantly delayed with tight
control and advanced by poor control [36].

BMI SDS of the studied CAH patients were
higher than in the general population. Furthermore,
FH correlated negatively with BMI SDS. Our find-
ings agree with other studies that concluded that
children and adults with CAH are at an increased
risk of developing obesity which could be associat-
ed with reduced height potential [37,38]. On the other
hand, a positive correlation was observed between
FH SDS and weight in one study [13]. Elevated BMI
and obesity could be linked to higher glucocorticoid
doses [39]. Glucocorticoids may exert direct effects
on the growth plate as well as prompting earlier me-
narche in obese girlswith CAH and eventually poor
FH. However, in our study we didn’'t find a correla-
tion between the glucocorticoid doses and each of
BMI or FH, furthermore, the bone age advancement
in our patients doesn’t point to overtreatment.

The limitations of our study include a small sam-
ple size from asingle center. Additionally, it would
be useful to assess growth patternsin different gen-
otypes taking into consideration family members.

Conclusion:

we found that the FH of patients with 210HD
was on average -1.01 (-1.67 —-0.45) SD and -0.75
(-1.8 —-0.15) SD lower than that of the normal pop-
ulation, after adjustment for the genetic height po-
tential, among males and femal es respectively. Our
results could highlight the genetic impact on the
FH. In addition to their genetic potential, modifia-
ble factors such as weight and therapeutic regimen
should be regularly assessed among these patients.

References

1- MERKE D.P. and BORNSTEIN S.R.: Congenital adrenal
hyperplasia. Lancet, 365 (9477): 2125-36, 2005.

2- NIMKARN S, LIN-SU K. and NEW M.I.: Steroid 21 hy-
droxylase deficiency congenital adrenal hyperplasia. Pedi-
atr Clin. North Am., 58 (5): 1281-300, xii, 2011.

3- MAITI A. and CHATTERJEE S.: Congenital adrena hy-
perplasia: An Indian experience. J. Paediatr. Child Health,
47 (12): 883-7, 2011.



1022

4-

10-

11-

13-

14-

15

16-

17-

TROGER T., SOMMER G., LANG-MURITANO M.,
KONRAD D., KUHLMANN B., ZUMSTEG U. and
FLUCK C.E.: Characteristics of Growth in Children With
Classic Congenital Adrenal Hyperplasia due to 21-Hydrox-
ylase Deficiency During Adrenarche and Beyond. J. Clin.
Endocrinol. Metab., 107 (2): e487-e99, 2022.

HAUFFA B.P., WINTER A. and STOLECKE H.: Treat-
ment and disease effects on short-term growth and adult
height in children and adol escents with 21-hydroxylase de-
ficiency. Klin Padiatr., 209 (2): 71-7, 1997.

PIINENBURG-KLEIZEN K.J.,, THOMAS C.M.G,, OT-
TEN B.J,, ROELEVELD N. and CLAAHSEN-VAN DER
GRINTEN H.L.: Long-term follow-up of children with
classic congenital adrenal hyperplasia: Suggestions for age
dependent treatment in childhood and puberty. J. Pediatr.
Endocrinol. Metab., 32 (10): 1055-63, 2019.

COLE T.J., FREEMAN J.V. and PREECE M .A.: Body
mass index reference curves for the UK, 1990. Arch. Dis.
Child., 73 (1): 25-9, 1995.

TANNER JM., GOLDSTEIN H. and WHITEHOUSE
R.H.: Standards for children’s height at ages 2-9 years al-
lowing for heights of parents. Arch. Dis. Child., 45 (244):
755-62, 1970.

MARSHALL W.A. and TANNER JM.: Variationsin the
pattern of pubertal changesin boys. Arch. Dis. Child., 45
(239): 13-23, 1970.

MARSHALL W.A. and TANNER JM.: Variationsin
pattern of pubertal changesin girls. Arch. Dis. Child., 44
(235): 291-303, 1969.

GREULICH W.W. and PYLE S.I.: Radiographic atlas of
skeletal development of the hand and wrist. The American
Journal of the Medical Sciences, 238 (3): 393, 1959.

WEBB E.A. and KRONE N.: Current and novel approach-
es to children and young people with congenital adrenal
hyperplasia and adrenal insufficiency. Best Pract Res. Clin.
Endocrinol. Metab., 29 (3): 449-68, 2015.

BADAWI N., FAWAZ L., AMIN A, KAMEL A. and
ARAFA N.: Thevalidity of the Bayley-Pinneau method
in predicting final adult height at the onset of puberty in
patients with classic congenital adrenal hyperplasia. En-
dokrynol. Pal., 72 (4): 301-7, 2021.

EL-ZANATY F. and WAY A.: Egypt demographic and
health survey 2008. Egyptian: Ministry of Health. Cairo:
El-Zanaty and Associates, and Macro International, 2009.

AYCAN Z., AKBUGA S., CETINKAYA E., OCAL G.,
BERBEROGLU M., EVLIYAOGLU O. and ADTYAMAN
P.: Final height of patients with classical congenital adrenal
hyperplasia. Turk J. Pediatr., 51 (6): 539-44, 2009.

OZER B.K.: Secular trend in body height and weight of
Turkish adults. Anthropological Science, 116 (3): 191-9,
2008.

HARGITAI G., SOLYOM J,, BATTELINOT., LEBL J,
PRIBILINCOVA Z., HAUSPIE R, et al.: Growth patterns
and final height in congenital adrenal hyperplasia due to

19-

20-

22-

23-

24-

25-

26-

28-

29-

Final Height in Patients with Congenital Adrenal Hyperplasia

classical 21-hydroxylase deficiency. Results of a multi-
center study. Horm Res,, 55 (4): 161-71, 2001.

MUIRHEAD S, SELLERSE.A. and GUYDA H.: Indi-
cators of adult height outcome in classical 21-hydroxylase
deficiency congenital adrenal hyperplasia. J. Pediatr., 141
(2): 247-52, 2002.

SHIELDS M., CONNOR GORBER S., JANSSEN I. and
TREMBLAY M.S.: Biasin self-reported estimates of obe-
sity in Canadian health surveys: An update on correction
equations for adults. Health Rep., 22 (3): 35-45, 2011.

STARC G. and STREL J.: Isthere arationale for establish-
ing Slovenian body mass index references of school-aged
children and adolescents? Anthropological Notebooks, 17
(3), 2011.

PANG S, MURPHEY W., LEVINEL.S,, SPENCED.A,,
LEON A., LAFRANCHI S, et al.: A pilot newborn screen-
ing for congenital adrena hyperplasiain Alaska. J. Clin.
Endocrinol. Metab., 55 (3): 413-20, 1982.

BONFIG W., BECHTOLD S,, SCHMIDT H., KNORR
D. and SCHWARZ H.P.: Reduced final height outcomein
congenital adrenal hyperplasia under prednisone treatment:
Deceleration of growth velocity during puberty. J. Clin.
Endocrinol. Metab., 92 (5): 1635-9, 2007.

MAHMOUD R.A.A., AMR N.H., TOAIMA N.N., KA-
MAL T.M. and ELSEDFY H.H.: Genotypic spectrum of
21-hydroxylase deficiency in an endogamous popul ation.
J. Endocrinol. Invest., 45 (2): 347-59, 2022.

GIDLOF S., HOGLING D.E., LONNBERG H., RITZEN
M., LAJIC S. and NORDENSTROM A.: Growth and
Treatment in Congenital Adrenal Hyperplasia: An Obser-
vational Study from Diagnosisto Final Height. Horm Res.
Paediatr., 2023.

JUAN L., HUAMEI M., ZHE S,, YANHONG L., HONG-
SHAN C., QIULI C., et a.: Near-final height in 82 Chinese
patients with congenital adrenal hyperplasiadueto clas-
sic 21-hydroxylase deficiency: A single-center study from
China. J. Pediatr. Endocrinol. Metab., 29 (7): 841-8, 2016.

CORDEIRO G.V., SILVA I.N., GOULART E.M., CHA-
GASA.J. and KATER C.E.: Final height in congenital ad-
renal hyperplasia: The dilemma of hypercortisolism versus
hyperandrogenism. Arq Bras Endocrinol. Metabol., 57 (2):
126-31, 2013.

AYCAN Z., OCAL G., BERBEROGLU M., CETINKAYA
E., ADIYAMAN P. and EVLIYAOGLU O.: Experience
with long-term glucocorticoid treatment in congenital ad-
renal hyperplasia: Growth pattern compared with genetic
height potential. J. Pediatr. Endocrinol. Metab., 19 (3):
245-51, 2006.

JAASKELAINEN J. and VOUTILAINEN R.: Growth of
patients with 21-hydroxylase deficiency: An analysis of the
factorsinfluencing adult height. Pediatr. Res., 41 (1): 30-3,
1997.

RIVKEES S.A.: Dexamethasone therapy of congenital ad-
renal hyperplasia and the myth of the “ growth toxic” gluco-
corticoid. Int. J. Pediatr. Endocrinol., 2010: 569680, 2010.



Rana A.A. Mahmoud, et al. 1023

30- RIVKEES S.A. and CRAWFORD J.D.: Dexamethasone 35- BONFIG W. and SCHWARZ H.P.: Overestimation of final

treatment of virilizing congenital adrenal hyperplasia: The height prediction in patients with classical congenital ad-
ability to achieve normal growth. Pediatrics., 106 (4): 767- renal hyperplasia using the Bayley and Pinneau method. J.
73, 2000. Pediatr. Endocrinol. Metab., 25 (7-8): 645-9, 2012.

31- RIVKEESSA. and STEPHENSON K.: Low-dosedexa 35 GIRGISR. and WINTER J.S.: The effects of glucocorti-
methasone therapy from infancy of virilizing congenital
adrenal hyperplasia. Int. J. Pediatr. Endocrinol., 2009:
274682, 2009.

coid replacement therapy on growth, bone mineral densi-
ty, and bone turnover markersin children with congenital
adrenal hyperplasia. J. Clin. Endocrinol. Metab., 82 (12):

32- ALZANBAGI M.A., MILYANI A.A. and AL-AGHA A.E. 3926-9, 1997.
Growth characteristics in children with congenital adrenal
hyperplasia. Saudi Med. J., 39 (7): 674-8, 2018. 37- AL SHAIKH A., ALGHANMI Y., AWIDAH S., BAHHA

A., AHMED M.E. and SOLIMAN A.T.: Clinical Patterns

33 AHMED M., SARAFOGLOU K., AL-KOFAHI M., GON- and Linear Growth in Children with Congenital Adrenal

ZALEZ-BOLANOS M., BRUNDAGE R., editors.: A ) . ) )
model-based pharmacokinetic/pharmacodynamic analysis Hyperplasia, an 11-Y ear Experience. Indian J. Endocrinol.
of hydrocortisone, 17-hydroxyprogesterone (170HP), and Metab., 23 (3): 298-306, 2019.

androstenedione (D4A) in children with congenital adre- 38- NGUYEN A.T.. BROWN J.J. and WARNE G.L .- Growth
nal hyperplasia (CAH). Journal Of Pharmacokinetics And . . ' . - . .

tal adrenal h I Indian J. Pediatr., 73 (1):
Pharmacodynamics; 2016: Springer/Plenum Publishers g;cgggggge renal yperplasia. fhdien atr., 73 (1)

233 Spring St, New York, NY 10013 USA.

34 VAN DER KAMPHJ, OTTEN B.J, BUITENWEG N, 5% SARAFOGLOUK., FORLENZA GP., YAW ADDO O,

DE MUINCK KEIZER-SCHRAMA S.M., OOSTDIJK KYLLOJ, LTEIFA., HINDMARSH P.C,, et a.: Obesity
W., JANSEN M., et al.: Longitudinal analysis of growth in children with congenital adrenal hyperplasiain the Min-
and puberty in 21-hydroxylase deficiency patients. Arch. nesota cohort: Importance of adjusting body massindex for
Dis. Child., 87 (2): 139-44, 2002. height-age. Clin. Endocrinol. (Oxf), 86 (5): 708-16, 2017.

AL Ay JASH BUA] @Sl (pe (ygilay (il puay (58 Slgil! Jgtall
Zlall (53 dof Y1 Jolie Mall padd Jeo Juiont!

Saill g 5luas (A gufa Los yoe (6T (A cpngyul¥l (850 Suas o (% Lunia SIS S0 sl 2 2047 6 9ol balas]
A L LS Baall A AlaT idye o Sl Jshll 09 o Bule a gl e . Sl Jsdall GaLaasly LS ALl GaLal
o L1 Il Dl of pnallshl gk e Ui p3gill (0 J5T

(AL TSI Buall 2255 (a ygilas Gadll skl b LT Jshally saill ot ga Tl pull (a Chagll SIS

(6 s, 85T e o ya] o3 S S BN o 5l o 2 AT, gk 83 05 Lidiyo YE amy 550 Ll pall s3a et
Laslias Lualall Ll e Jymall o3 acall Sl dblly Cisgioall bty SUatl ds-ll sl o aypal »Lilyly oad pal
ot cpre Laalas JUALU 5 Laall il 3lie (o8 Laslill elile e Zaslaatl Luleall o ¢ldlaty 2

SD Y, £1 foa VoV, V1 SD Y, VE— ot 0%+ VY, Yo Sl g all (g5 Laall Gl s SUall Jor bl b sasie IS
ccbagiaall Yo ball G L5ylEn pan 0 G 3L Laalaas) 5Ll Jokll sl Ml e &5yl oS3l i

il 3 (5 Ghagiaall Jy bl sl el Sy bl oo JSI gy Lanll ol yai¥l oy o€ 3d a0 o el g
el i (e e Taal s i3 e i 5030 (LA LI Bl g 2085 ihyo s 3l sk I S (- - 0P)
258 Sslall e s O clagicnn 5358 ol il sl 3 Lalasil <1 gl gy e bl 5yl g1 LS

ld e b A okl e oS Sy

1 opalall SISl (o JST S (o ol e« Lisal BIAN1 T Sl Sall 0 203 il sl Sl Jo bl s
oSl e g L1 Al (s LIy cpaninll S 3 L yol1 I (Sall Jorll 30 hagiaall Jyllf pe Loaulite IS



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

