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Bone mineral status in Egyptian children with
classic congenital adrenal hyperplasia. A single-
center study from Upper Egypt
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Aim of the Study: To evaluate bone mineral density (BMD) and levels of bone turnover markers in Egyptian children with classic
congenital adrenal hyperplasia (CAH) caused by 21-hydroxylase deficiency and its relationship with disease-related variables.
Patients and Methods: The study population consisted of 28 children from Upper Egypt with classic CAH, their mean age 8.3 + 2.4 years
and 28 age and sex matched healthy control. They were subjected to measurement of BMD of lumbar spines (L1-L4) and femoral
neck using dual-energy-X-ray absorptiometry (DXA) and laboratory evaluation of bone turnover markers including Osteocalcin
and serum receptor activator of nuclear factor kB-ligand (RANKL). Result: Children with CAH had significantly lower bone-mineral
density (BMD) for both, vertebrae and femoral neck than controls. This difference is more obvious in children with poor control and in
those receiving prednisone therapy. There was a significantly lower serum osteocalcin, and significantly higher serum RANKL levels
in patients with CAH than the healthy controls. This differences is more obvious in children with poor control and in those receiving
prednisone therapy. Total bone mineral content (BMC [gm]) have significant negative correlations to age (r = -0.81, P < 0.001),
disease duration (r = -0.881, P < 0.001), 17 OH Progesterone level (r = -0.543, P < 0.05), RANKL level (r = -0.635, P < 0.05), and
significant positive correlation with osteocalcin (r = 0.576, P < 0.001). Conclusions: Children from Upper Egypt with classic CAH may
have reduced BMD and increase bone turnover compared with controls. This difference is more obvious in children with poor control
and in those receiving prednisone therapy. Recommendations: Active monitoring of BMD in CAH children using Dual-energy X-ray
absorptiometry (DEXA) scanning. Furthermore, effort should be done to bring hydrocortisone to Upper Egypt to replace prednisone
in children with classic congenital adrenal hyperplasia.
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mineralocorticoid production. The commonest enzymatic
defectis 21-hydroxylase deficiency. Patients with the classic
form of CAH show androgen excess, with or without salt
wasting. Treatment of the classical forms of CAH due to
21-hydroxylase deficiency involves lifelong glucocorticoid
and mineralocorticoid hormonal replacement to prevent

INTRODUCTION

Congenital adrenal hyperplasia (CAH) is an autosomal
recessive disease due to defective biosynthesis of
adrenal glucocorticoid with or without impairment of

adrenal crises and normalize the elevated adrenocortical
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secretion of androgen steroid precursors.'? However,

Quick Response Code: oral glucocorticoid replacement cannot accomplish normal

Website:

www.ijem.in variations inserum cortisollevels. It is very well established

that glucocorticoid excess inendogenous Cushing’s
DOI: syndrome and pharmacological glucocorticoid therapy
10.4103/2230-8210.139236 can lead to osteoporosis via increasing bone resorption

and decreasing bone formation. Serum receptor activator
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of nuclear factor KB-ligand (RANKL) and osteocalcin are
biochemical markers of bone turnover have been developed
to look at bone metabolism. Previous studies bone mineral
density (BMD) and bone turnover markers in children and
adults with classic CAH provided conflicting data.’*! The
aim of the present study was to evaluate BMD and levels
of bone turnover markers in Egyptian children with classic
CAH and its relationship with disease-related variables.

PATIENTS AND METHODS

This cross-sectional controlled study was conducted during
the period from March 2013 to November 2013. Itincluded
28 children with classic salt loosing CAH (Group 1). The
medical records of each patient were reviewed to confirm
the diagnosis of congenital AH (salt loosing form) Criteria
of salt loosing phenotype included history of salt-losing
crisis with documented hyponatremia, hyperkalemia, and
markedly elevated plasma renin activity. All participants
were healthy, had normal vital signs, and were receiving no
additional medications known to affect androgen secretion or
bone metabolism. In addition, 28 apparently healthy age and
sex matched children were studied as a control (Group 2).
To be included in the study, the control subjects had to be
without any acute disease and without clinical conditions
involving the endocrine—metabolic system. Both patients
and controls were recruited from Pediatric Endocrinology
Outpatients Clinic in Assiut University Children Hospital,
Assiut, Egypt. The study protocol was approved by the
Ethical Committees of Assiut University Children Hospital,
Egypt. Written informed consents were obtained from the
parents of both patients and controls.

Inclusion criteria
Age > 4 years < 12 years, on steroid treatment > 3 years.

Exclusion criteria

Candidates were excluded if they had a history of chronic
illness, other endocrinal problems, cardiac, hepatic, renal
disease; they had one or more fractures of the vertebrae,
wrist, or hip; or they had taken vitamin D preparation,
calcium supplements, or Gonadotrophin releasing
hormone analogue.

Prednisone dose was converted to hydrocortisone as 10 mg
of hydrocortisone is the same of 2 mg of prednisone.
Patients with serum 17-hydroxyprogesterone value of less
than 10 nmol/l, were classified as well controlled (WC),
and those with serum 17-hydroxyprogesterone value
>10 nmol/l were classified as pootly controlled (PC).

All children included in the study were subjected to:
1. Standard medical history

2. Anthropometric measurements: Height and weight
were measured using a wall-mounted stadiometer and
a calibrated weight scale, respectively with subjects
wearing underwear only. Body mass index (BMI)
of children and parents was calculated by using
the formula; BMI = weight (kg)/height (m2). BMI
standard deviation score (SDS) expressed according
to the Egyptian data

4. Bone age (BA) was done by performing plain X-ray left
hand and wrist according to the standards of Greulich
and Pyle.

Bone mineral density measurement

Bone status was evaluated at the time of the study by using
dual energy X-ray absorptiometry (DXA; NorlandEclips).
Children were examined in supine antero-posterior position
using the same scan mode. For all patients and controls,
bone mineral content (BMC; g) and BMD (g/cm?) and
bone area (cm?) of total body, the lumbar spine (I.1-1.4) and
left proximal femur (femoral neck) were measured by DXA.
Absolute values were converted into Z-scores (standard
deviation from the mean of a healthy age and sex matched
reference population).”! Osteopenia was defined as Z scores
between — 1 and — 2.5; whereas osteoporosis below — 2.5.
So, Z-score > —1 SD was considered normal and low BMD
was defined as a Z-score < —1 SD.

Laboratory investigations

Disease-related laboratory tests

Complete blood count (CBC), sodium, potassium, renin,
testesterone 17 hydroxyprogesterone, and adrenocortcotrophic
hormone (ACTH) were done.

Bone turnover-related laboratory tests

a) Calcium (Ca), phosphorus (Ph) and total alkaline
phosphatase (Menarini Diagnostics Kits, Italy;
Technicon RA-1000 autoanalyzer)

b) Serum osteocalcin was measured by a commercial
radioimmunoassay (Incstar, Stillwater, MN, USA);F the
intra- and inter-assay coeffi cients of variation (CVs)
were 3.5% and 7%, respectively

¢) Serum RANKL levels was estimated by using ELISA
kit, (Biomedica group, Biomedica Medicine product,
GmbH and Co., Cat. No. BI-20422H). Intra- and
interassay CV of the assay were < 10% and its detection
limit was 0.08 pmol/1.

Statistical analysis

Data analysis was carried out using Statistical Package for
Social Sciences (SPSS, version 16). Simple statistics such as
frequency, arithmetic mean, and standard deviation (SD)
were used. For comparison of the two groups, Student’s
#-test was used for parametric data and the Mann-Whitney
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U-test was used for nonparametric data. Linear correlations
were performed by Spearman’s or Pearson’s test. For all
analyses, Pvalue of <0.05 provided statistical significance.

REsuLTs

The most relevant characteristics of patients are shown
in Table 1.

Differences between healthy controls and patients
with classic CAH in the levels of the investigated bone
metabolism, biochemical parameters and BMI are shown in
Table 2. There was a significantly lower serum osteocalcin,
and significantly higher serum RANKL levels in patients
with CAH than the healthy controls.

Differences between CAH cases with well control in
the levels of the investigated biochemical parameters
compared with those with poor control are shown in
Table 3. There was a significantly lower serum osteocalcin,
and significantly higher serum RANKL levels in children
with poor control than the well control.

Differences between CAH cases on prednisone therapy
in the levels of the investigated biochemical parameters
compared with those on hydrocortisone are shown in
Table 4. There was a significantly lower serum osteocalcin,
and significantly higher serum RANKL levels in children
prednisone therapy than those on hydrocortisone.

Total BMC [gm)] have significant negative correlations to
age (r=—0.81, P<0.001), duration of treatment (r = —0.887,
P < 0.001), 17 OH Progesterone level (r = —0.543,
P < 0.05), RANKL level (r = —0.635, P < 0.05), and

Table 1: Clinical and laboratory characteristics of
congenital adrenal hyperplasia cases

Variable Patients (n=28)
Age (years) 8.3£2.4
Sex (male/female) 8/20
Residence: Urban/rural 5/23
Positive consanguinity 14 (50%)
Age at diagnosis (months) 3.2£2.5
Mean age of starting treatment (months) 4.5+3.11
Mean duration of treatment (year) 6.33+1.8
Average dose of glucocorticoids [mg/M?/day] 14.7+4.21
Dose of mineralocorticoid [ug/day] 0.13£0.1
Height SDS -0.58£1.58
Weight SDS 0.72+0.22
Bone age (year) 8.7+1.4
Body mass index SDS 0.88+1.34

Type of steroid: Prednisone /hydrocortisone 20/8
Serum 17-hydroxyprogesterone(nmol/I) 745.2+2431
Well control /poor control 16/12

CAH: Congenital adrenal hyperplasia, SDS: Standard deviation score

Table 2: Bone metabolism biochemical parameters in
patients with classic congenital adrenal hyperplasia
compared with healthy

CAH Control Pvalue
9.2+1.0 9.6+0.55 NS
4.9+0.9 5.2+0.55 NS

144.8+31.87 148.9+32.0 NS

Calcium mg/dl
Phosphate mg/dl
Alkaline phosphatase U/L

BMI 28.9+£3.17 22.4+146 <0.05
Lumbar spine (L1-L4) BMC [g] 14.52+6.22 19.44+711 <0.001
Lumbar spine (L1-L4) BMD [g/cm?  0.49+0.11  0.68%0.18  <0.05
Femoral neck BMC [g] 2.11£1.24 3.19£0.87 <0.05
Femoral neck BMD [g/cm?] 0.66£0.21  0.82+0.19  <0.05
Osteocalcin (ng/ml) 18.9+12.3  52.3+21.6 <0.001
RANKL (pmol/I) 102+33.3  22.7+#9.1  <0.001

P value is significant if <0.05. NS: Non significant, DXA: Dual energy X-ray
absorptiometry, BMC: Bone mineral content, BMD: Bone mineral density,
RANKL: Receptor activator of nuclear factor kB-ligand

Table 3: Bone metabolism biochemical parameters in
poor controlled congenital adrenal hyperplasia children
compared with well controlled

Poorly Well

controlled (12) controlled (16)
Age (years) 9.3+3.4 7.812.9 <0.05
Residence (urban/rural) 2/10 6/10 -
BMI 26.8+1.22 24.5+3.43 NS
Lumbar spine (L1-L4) 13.41x4.12 19.48+5.20  <0.05
BMC [g]
Lumbar spine (L1-L4) 0.43+0.17 0.62+0.23 <0.05
BMD [g/cm?]
Femoral neck BMC [g] 1.91£1.43 2.99+0.65 <0.05
Femoral neck BMD [g/cm?] 0.43£0.23 0.77£0.11 <0.05
Osteocalcin (ng/ml) 15.2+8.2 44.2+12.5 <0.001
RANKL (pmol/I) 116.6+21.6 70.2+18.1 <0.001

P value is significant if <0.05. NS: Non significant, DXA: Dual energy X-ray
absorptiometry, BMC: Bone mineral content, BMD: Bone mineral density,
RANKL: Receptor activator of nuclear factor kB-ligand, CAH: Congenital adrenal
hyperplasia

Table 4: Bone metabolism biochemical parameters in
congenital adrenal hyperplasia children on prednisone
compared with those on hydrocortisone

Prednisone (20) Hydrocortisone (8)

Age (years) 10.4+2.2 8.4+3.7 <0.05
Residence 8/12 7/1 NS
(urban/rural)

BMI 27.3+4.31 26.4+7.22 NS
Lumbar spine 12.71£3.43 20.32+6.11 <0.05
(L1-L4) BMC [g]

Lumbar 0.38+0.16 0.55+0.21 <0.05
spine (L1-L4)

BMD [g/cm?

Femoral neck 1.71£1.65 2.87+0.44 <0.05
BMC [g]

Femoral neck 0.41+0.25 0.68+0.15 <0.05
BMD [g/cm?]

Osteocalcin (ng/ml) 12.2+4.7 41.2+11.6 <0.001
RANKL (pmol/I) 101.5+16.5 65.4+17.5 <0.001

P value is significant if <0.05. NS: Non significant, DXA: Dual energy X-ray
absorptiometry, BMC: Bone mineral content, BMD: Bone mineral density,
RANKL: Receptor activator of nuclear factor kB-ligand, CAH: Congenital adrenal
hyperplasia
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Table 5: Correlation coefficient between total BMC [gm] and clinical and biochemical data of studied cases

Age Hydrocortisone Duration of 17 OH RANKL Osteocalcin
dose equivalent treatment progesterone
BMC r=-0.81 r=-0.52 r=-0.887 r=-0.543 r=-0.635 r=0.576
total [gm] P<0.001 P=0.04 P<0.001 P<0.05 P<0.001 P=0.01

BMC: Bone mineral content, RANKL: Receptor activator of nuclear factor kB-ligand

significant positive correlation with osteocalcin (r = 0.576,
P < 0.001) are shown in Table 5.

DiscussioN

Children with congenital adrenal hyperplasia from Upper
Egypt are usually attending pediatric Endocrinology Unit
in Assuit Children University Hospital as it is the only
specialized center for caring of these patients. Most of
these children were treated with prednisolone rather
hydrocortisone due to its high price of hydrocortisone
and its unavailability. Furthermore, for children with poor
controlled CAH are usually coming from rural areas in
Upper Egypt, this may attributed to difficulty to attend the
medical institution for follow up due to financial factors
and long distance from their residency.

In the present study, the children with CAH had significant
lower BMD values for both, vertebrae and proximal femur
than controls. This result is in agreement with Cameron
et al” and de Almeida,"! who confirmed the presence of
inadequate mineralization in children with CAH. Reduced
BMD is associated with increased fracture risk in children
and teenagers as well. Children with CAH need chronic
glucocorticoid therapy, both to replace congenital deficit in
cortisol synthesis and to suppress the overproduction of
androgens by adrenal cortex A possible reason for the high
bone turnover rate found in CAH patients is represented
by the interplay between exogenous glucocorticoids and
endogenous production of androgens. Slightly higher
doses of glucocorticoid taken chronically might affect
bone metabolism and lead to alterations of bone mass
in this condition. In particular, they could increase bone
resorption rate.''! Moreover, low androgen concentration
is a known factor for reduced bone mass and altered bone
metabolism. Suppressed androgen production with high
dose of glucocorticoid may thus interfere with normal bone
metabolism and lead to reduced bone mineral content.
Careful hormonal balance must be maintained throughout
childhood in order to maximize growth and limit a
hyperandrogenic state.” In bone cells, at the molecular
level, glucocorticoids regulate various functions including
osteoblastogenesis, osteoclastogenesis, and the apoptosis
of osteoblasts and osteocytes.”! In contrary of our study,
Fleischman ez a/"" in their study reported that BMD
and BMC did not correlate with current glucocorticoid

and androgen levels in this study. BMD correlates with
cumulative, rather than current, steroid doses. Therefore,
these and other data suggest that multiple factors, such
as number of studied cases, age, duration, and dosage of
therapy, contribute to bone status in children with CAH."!

In the present study, BMI was significantly higher in
CAH patients compared with controls. The increased
BMI could be the result of glucocorticoid use; other
possible explanations for the increased fat mass could
be adrenomedullary dysfunction with decreased
catecholamine secretion, as recently described in CAH
patients. Additionally, children with CAH had increased
leptin levels and decreased insulin sensitivity, which has
been asctibed to their adrenomedullary dysfunction.!"!

The serum levels of calcium, phosphorous, and total
alkaline phosphatase were not significantly differed in
children with CAH compared to controls. These results
go in line with those of Hagenfeldt, who found that
the serum level of calcium, phosphorus and alkaline
phosphatase did not correlate with bone mineral density in
CAH patients. This imply that biochemical tests of these
levels are not useful indicators of osteopenia.

Biochemical markers of bone turnover have been developed
to look at bone metabolism. In this study, we have shown
that childrenwith CAH on steroid therapy have low serum
osteocalcin and high serum RANKIL levels, i.e. ourpatients
have low bone formation markers and high bone resorption
markers, this in agreement with Paganinil'¥ who report a
similar result in their study. These biochemical markers of
bone turnover provide potentially useful information but
cannot be used alone to diagnose osteoporosis, to determine
the severity of the disease, or to select a specific therapy.!'”

In the present study, children with elevated
17-hydroxyprogesterone levels (poor control) had
significant reduction in bone density at all measured sites
and a suppression of bone turnover compared with those
with normal 17-hydroxyprogesterone (WC). The elevated
17-hydroxyprogesterone levels may have identified those
individuals who were more resistant to therapy and, thus, were
more likely to have required higher lifetime glucocorticoid
exposures. However, the elevated levels may also represent
non-compliant or intermittently compliant individuals and
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thus represent participants with less glucocorticoid exposure,
which would be more difficult to explain physiologically.
Therefore, these data suggest that multiple factors, such as
body mass index, duration, and dosage of therapy contribute
to bone status in children with CAH."#*)

In the present study, 20 of the studied CAH patient
were on prednisone vs. 8 cases on hydrocortisone due
to unavailability of hydrocortisone in Upper Egypt. In a
comparison of CAH patients treated with prednisolone or
hydrocortisone, we observed a significant reduction in bone
density at all measured sites and a suppression of bone
turnover markers in those patients taking prednisolone. This
was despite the calculated equivalent dose of glucocorticoid
being similar between the groups. Hassan ef 4/ have
previously reported that prednisolone treatment is not
associated with a difference in measured quality of life."’
As such, our data indicate that glucocorticoid replacement
therapy with prednisolone is likely to have a selective
adverse impact on bone relative to hydrocortisone therapy,
and thus CAH patients currently taking prednisolone
should have their therapy changed to hydrocortisone.

CONCLUSIONS

Children from Upper Egypt with classic CAH may have
reduced BMD and increase bone turnover compared with
controls. This differences is more obvious in children with
poor control and in those receiving prednisone therapy.

Recommendations

Active monitoring of BMD in CAH children using DEXA
scanning. Furthermore, effort should be done to bring
hydrocortisone to Upper Egypt to replace prednisone in
children with classic congenital adrenal hyperplasia.

Limitation of the study

1. Small sample size due to the frequency of the disease
in question, one in 16,000, so, negative findings must
therefore be interpreted with caution.

2. The heterogeneity of the adrenal status of the
participants reflects the cross-sectional design, with
measurements obtained at a single time point, and
therefore may limit the ability to determine the lifelong
effects of excess androgens on bone status.

3. Lean body mass, which is an important predictor of
bone density, was not measured.
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