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mg/m2/day). Mean serum calcium levels (2.53,
2.41, 2.28mmol/L) and iPTH levels (3.59, 4.46,
6.30pmol/L) were in the normal range and vitamin
D levels (47.55, 47.97, 44.44nmol/L) were in the
insufficient range. The differences between the
groups were not significant. However, the
difference seen in alkaline phosphatase (ALP) was
significant (p=0.026). There was also an apparent
inverse association of ALP with the total average
daily dose of glucocorticoids (R2=0.077, F=3.0,
p=0.092). Vitamin D deficiency (≤37.5nmol/L)
was seen in 8 (21.1%) patients. Degree of
pigmentation and biochemical parameters assessed
were not significant according to vitamin D status.

Abstract
Introduction: Congenital adrenal hyperplasia
(CAH) requires lifelong glucocorticoid therapy
(GCT). Long- term use of GCT is known to
adversely affect bone metabolism. Vitamin D
synthesis in the skin can be impaired by the
hyperpigmentation seen in CAH patients.
Objectives: To describe the effects of
glucocorticoid therapy and vitamin D status on the
bones in children with CAH.
Method: Children with CAH followed up in the
University Unit at the Lady Ridgeway Hospital,
Colombo were studied. Mean values of the daily
dose of hydrocortisone received, serum calcium,
intact parathormone (iPTH) and 25-hydroxy
vitamin D levels were compared with the duration
of therapy categorized into 3 groups. Skin
pigmentation was graded using the Fitzpatrick
scale and was described with the biochemical
parameters according to vitamin D status
(sufficiency >50nmol/L).

Conclusions:
Serum ALP levels show an inverse relationship
with the duration of glucocorticoid therapy
indicating possible adverse outcome on bones. The
apparent inverse relationship of total average daily
dose of glucocorticoids with ALP failed to reach
statistical significance. No relationship was found
with vitamin D status and other parameters
assessed.

Results: Thirty eight children were studied. Mean
daily dose of hydrocortisone of children treated for
less than 4 years (n=6), 4 to 7 years (n=6) and more
than 7 years (n=26) were 14.0, 13.4, and 14.0
mg/m2/day respectively (recommended dose 10-15
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Introduction
Congenital adrenal hyperplasia (CAH) is
commonly caused by deficiency of 21-hydroxylase
resulting in impaired or absent cortisol and
aldosterone synthesis1. Management of CAH
requires lifelong glucocorticoid therapy at a dose
ranging from 10-15mg/m2/day to prevent adrenal
crises and suppress elevated ACTH thereby
suppressing adrenal androgen overproduction1,2.
Bone homeostasis is a balance between osteoblastic
bone formation and osteoclastic bone resorption.
Glucocorticoids stimulate osteoclastic bone
resorption and reduce osteoblastic bone formation
thereby altering bone homeostasis3,4. Steroid
induced bone loss appears to be reversible5. Long
term use causes an initial rapid reduction in the
BMD due to bone resorption within the first 3
months of therapy with a maximum loss by 6
months followed by a slower progressive loss due
to impaired bone formation2,5,6. Osteoporosis and a
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defined as a value ≤37.5nmol/L, insufficiency as
>37.5-50.0nmol/L and sufficiency as >50250nmol/L13. Vitamin D synthesis in the skin may
be impaired due to the hyper-pigmentation seen in
patients with CAH. Therefore their skin
pigmentation was assessed using the Fitzpatrick
scale14 where pigmentation is graded from 1 to 6
based on progressive increase in the pigmentation.

raised fracture risk are reported with long term
glucocorticoid use in adults with CAH and
rheumatoid arthritis2,5,6,7. However, the findings on
the effects on children with CAH on long-term
steroids are inconclusive with both normal BMD
and low bone turnover being reported8,9,10,11.
A 51.9% prevalence of vitamin D deficiency has
been shown in children with CAH12.The
metabolically active 1, 25 dihydroxy vitamin D
promotes mineralization of osteoid tissue3. Steroids
promote formation of the inactive 24,25dihydroxy
vitamin D and thus modify the effect of vitamin D
on osteoblasts6. It has been recommended to
measure vitamin D levels in children with CAH
and supplementation offered for those with low
levels11. Calcium and vitamin D supplementation
has also been recommended for all patients on
long-term glucocorticoid therapy2,5,6,7.

The biochemical parameters were compared with
the duration of therapy, mean (SD) dose of
hydrocortisone and the vitamin D status. The
facility to do bone densitometry on the patients was
not available at Lady Ridgeway Hospital at the
time of the study. The study was performed over 6
months from August 2016. Ethical clearance was
obtained from the Ethics Review Committees of
the Faculty of Medicine, University of Colombo
and the Lady Ridgeway Hospital, Colombo.

The effect of GCT and vitamin D status on bone
metabolism in children with CAH has not been
previously reported from Sri Lanka, thus justifying
the present study.

Results
All 38 patients who were invited participated in the
study. There were 3 pairs of siblings. None of them
had been on vitamin D preparations or calcium
supplements. Socio-demographic characteristics of
the study sample are shown in Table 1.

Objectives
To describe the effect of glucocorticoid therapy and
vitamin D status on the bones in children with
CAH.

Table 1
Socio-demographic characteristics of study
sample (n=38)
Characteristic
Number (%)
Age (years)
Less than 10
21 (55.2)
10-14
11 (29.0)
15 and above
06 (15.8)
Sex
Male
10 (26.3)
Female
28 (73.7)
Ethnicity
Sinhalese
25 (65.8)
Indian Tamil
05 (13.2)
Sri Lankan Tamil
05 (13.2)
Muslim
03 (07.9)
Family income (Rupees)
10,000 - 20,000
12(31.6)
20,001 - 30,000
12 (31.6)
30,001 - 40,000
05(13.2)
40,001 - 50,000
01 (02.6)
50,001 - 60,000
01 (02.6)
Above 60,000
07(18.4)
Province of residence
20 (52.6)
Western
08 (21.1)
North Western
Sabaragamuwa
04 (10.5)
Central
02 (05.3)
Other
04 (10.5)

Method
All the children with CAH (both salt wasting and
non-salt wasting) followed up at the University
Paediatric Unit at Lady Ridgeway Hospital (LRH),
Colombo, were invited to participate in the study.
The study was confined to the patients of only one
ward to ensure uniformity of management.
Children who have been on vitamin D preparations
and calcium supplements were excluded from
participation. The socio-demographic data were
obtained through an interviewer-administered
questionnaire. A sample of blood was taken at 8am
following a 4-6 hour fast for estimation of the bone
profile [serum calcium, serum phosphate and
alkaline phosphates (ALP)], intact parathormone
(iPTH) levels and 25-hydroxy vitamin D.
Children with CAH are treated from the moment of
diagnosis of the condition, usually in the neonatal
period. Since all the patients were invited for the
study, the duration of treatment was variable and
therefore was categorized as less than 4 years, 4-7
years and more than 7 years. The mean (SD)
cumulative dose of hydrocortisone they have been
on for the total duration of therapy was calculated.
25-hydroxy vitamin D (which includes both D2 and
D3) was assayed using the chemiluminescent
micro-particle immunoassay (Abbott Architect
1000i SR system). Vitamin D deficiency was

Twenty one (55.2%) of the study sample were less
than 10 years of age and 28 (73.7%) were female.
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Twenty five (65.8) were Sinhalese. The parents of
29 (76.4%) had a monthly income of 40,000 rupees
or less. The majority (52.6%) of the patients were
from the Western Province (Table 1).

The mean daily doses of hydrocortisone, serum
calcium corrected for serum albumin, serum ALP,
iPTH and vitamin D level corresponding to the
durations of therapy are given in Table 2.

Table 2: Description of the biochemical and pharmacological parameters with duration of therapy (n=38)
Duration of
Hydrocortisone
Corrected serum
Alkaline
iPTH
*Vitamin D
glucocorticoid
dose/day
calcium
phosphatase
mean (SD)
level
(nmol/L)
treatment
mean (SD)
mean (SD)
mean (SD)
(n1.59(n2.2-2.7mmol/L) (n60-425 U/L) 7.21pmol/L)
<4 years (n=6)
14.0
2.53
282
3.59
47.55
(3.9)
(0.23)
(38)
(2.3)
(12.05)
4 – 7 years (n=6)
13.4
2.41
171
4.46
47.97
(4.9)
(0.18)
(55)
(2.22)
(23.16)
>7 years (n=26)
14.0
2.28
196
6.3
44.44
(5.4)
(0.35)
(95)
(3.98)
(12.07)
p value for
0.417
0.194
0.026
0.175
0.874
independent sample
(significant)
median test
*Vitamin D status13: Deficient ≤ 37.5nmol/L, Insufficient >37.5-50.0nmol/L, Sufficient >50.0-250.0nmol/L
The mean (SD) daily dose of hydrocortisone was in
the recommended dose range of 10–15mg/m2/day
in all three groups. The apparent reduction and
increase seen in serum calcium and iPTH
respectively over time was not significant.
However, the reduction seen in ALP was
significant (p=0.026). Vitamin D levels in all 3
groups were in the insufficient range. The average
total dose of glucocorticoids in the individual
patients ranged from 8.69 to 37.4 with a mean (SD)
of 13.88 (5.02).
In regression analysis between total dose of
glucocorticoids in the individual patients and bone
health indicators, there were no significant
associations (iPTH R2 =0.003, F=0.961, p=0.761;
Total Ca R2 =0.003, F=0.113, p=0.768). However,
ALP showed an inverse relationship with the total
dose of glucocorticoids with a coefficient of
determination of 0.077, F=3.0 and a significance of
0.092, though not reaching 95% confidence level
(Figure 1).

Vitamin D deficiency (≤ 37.5nmol/L) was seen in 8
(21.1%) patients. Table 3 gives the biochemical
parameters and the degree of pigmentation in
relation to the vitamin D status. There was no
significant association of the parameters assessed
with the vitamin D status.

Table 3: Description of biochemical parameters and degree of pigmentation with vitamin D status (n = 38)
Corrected serum
Alkaline
iPTH
Mean
calcium
phosphatase
mean (SD)
Fitzpatrick score
Vitamin D status
mean (SD)
mean (SD)
(n
1.597.21pmol/L)
(n
2.2-2.7mmol/L)
(n
60-425 U/L)
Vitamin D deficient and
2.35 (0.28)
195.95 (89.2)
5.72 (2.5)
4.3 (0.98)
insufficient (n=23)
Vitamin D sufficient (n=15)
2.34 (0.38)
220.4 (88.8)
5.36 (5.0)
4.46 (0.64)
Student test value
0.088
0.828
0.256
0.61
p value
0.53
0.20
0.60
0.27
Vitamin D status13: Deficient ≤ 37.5nmol/L, Insufficient >37.5-50.0nmol/L, Sufficient >50.0-250.0nmol/L
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but maintaining within the normal range, with
continued therapy but this finding was not
statistically significant. If the serum and urinary
bone turnover markers could have been measured
and DXA scans performed, the findings may have
complemented the observations of our study.

Discussion
Bone remodelling is a constant process due to bone
resorption and formation by osteoclasts and
osteoblasts respectively3. ALP is released during
bone formation by osteoblasts3. 7-Dehydrocholesterol in the skin is converted to vitamin D3
(cholecalciferol) by a process triggered by
ultraviolet light and is finally converted in the
kidney to 1,25-dihydroxy Vitamin D33, which
maintains serum calcium in the normal range by its
action on the intestine, kidneys and bone3. Thus,
hypocalcaemia caused by vitamin D deficiency
gives rise to secondary hyperparathyroidism, which
in turn stimulates osteoclastic activity mobilizing
calcium from bones3.

Pigmentation impairs synthesis of vitamin D in the
skin and this effect is known to increase with
increasing skin pigmentation14. In our study, the
corrected serum calcium, alkaline phosphatase,
iPTH and Fitzpatrick score did not vary
significantly with the vitamin D status. This is
probably because the mean vitamin D levels did
not show much variation between the sufficient
group and deficient-insufficient group (58.33 (SD7.74) and 37.44 (SD-10.27) respectively) to
generate changes in other biochemical parameters.
Fitzpatrick score, hence pigmentation, also showed
insignificant variation between the two levels of
vitamin D partly explaining the lack of variation in
the values of vitamin D. Moreover, there are other
factors, such as glucocorticoid therapy, that modify
the relationship between vitamin D and the other
biochemical parameters.

Long-term glucocorticoid use can result in
osteoporosis with decreased bone mineral density
(BMD) by decreasing bone formation by inhibiting
osteoblastic activity and stimulating osteoclastic
activity8. It also stimulates formation of the inactive
24, 25-dihydroxy Vitamin D3, thus contributing to
a reduction in the serum calcium6. BMD being the
measure of mineralization of bones, is ideally
assessed with Dual Energy X-ray Absorptiometry
(DXA)2,4,15. Bone turnover markers could be
measured as serum osteocalcin and pro-collagen
peptide being markers of bone formation and bone
resorption markers as serum C-terminal telopeptide
and urinary amino-terminal telopeptide8,9. The
facilities to do these investigations are not available
at the Lady Ridgeway Hospital. Therefore, we
measured the serum calcium, ALP and iPTH with
vitamin D to assess the effect of therapy on the
bones.

A vitamin D level of ≤50nmol/L (deficiency and
insufficiency) was seen in 23 (60.5%) of our
patients and none of them were on calcium or
vitamin D supplements. However, we did not
analyse the intake of calcium and vitamin D in the
diet and we did not record the 17OHP and DHEAS
levels as indicators of adequacy of glucocorticoid
therapy, which are limitations of our study. We
endorse that all measures should be taken to treat
children with CAH within the recommended dose
range. Glucocorticoid therapy in CAH being lifelong, improving the dietary intake and
supplementing with calcium and vitamin D is
advisable.

This study was done with patients attending the
University Paediatric Unit and available resources.
Though it was more appropriate to involve more
units our sample included children from seven out
of nine provinces indicating island wide
distribution. As we invited all the children with
CAH to participate we did not calculate a sample
size. However, a bigger sample size would have
given more conclusive results.

Conclusions
Serum ALP levels show an inverse relationship
with the duration of therapy and also with the total
average daily dose of glucocorticoids, though not
reaching 95% significance level indicating possible
adverse outcome on bones in children with CAH.
No relationship was found with vitamin D status
and the other parameters assessed.

There was a significant decrease in ALP (p=0.026)
with increasing duration of treatment indicating
possible reduction in bone formation with
glucocorticoid therapy. Relationship with the
average dose for total duration appears to be
similar though it failed to reach statistical
significance at the 95% confidence level. This
observation is probably due to higher than the
recommended doses of glucocorticoids given to
some children. These findings are in line with the
already known effects of glucocorticoid therapy.
There was also an apparent reduction seen in serum
calcium and an increase in serum iPTH over time,
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