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A B S T R A C T

Background

Congenital adrenal hyperplasia (CAH) is an autosomal recessive condition which leads to glucocorticoid deficiency and is the most
common cause of adrenal insuIiciency in children. In over 90% of cases, 21-hydroxylase enzyme deficiency is found which is caused by
mutations in the 21-hydroxylase gene. Managing individuals with CAH due to 21-hydroxylase deficiency involves replacing glucocorticoids
with oral glucocorticoids (including prednisolone and hydrocortisone), suppressing adrenocorticotrophic hormones and replacing
mineralocorticoids to prevent salt wasting. During childhood, the main aims of treatment are to prevent adrenal crises and to achieve
normal stature, optimal adult height and to undergo normal puberty. In adults, treatment aims to prevent adrenal crises, ensure normal
fertility and to avoid the long-term consequences of glucocorticoid use. Current glucocorticoid treatment regimens can not optimally
replicate the normal physiological cortisol level and over-treatment or under-treatment is oMen reported.

Objectives

To compare and determine the eIicacy and safety of diIerent glucocorticoid replacement regimens in the treatment of CAH due to 21-
hydroxylase deficiency in children and adults.

Search methods

We searched the Cochrane Inborn Errors of Metabolism Trials Register, compiled from electronic database searches and handsearching
of journals and conference abstract books. We also searched the reference lists of relevant articles and reviews, and trial registries
(ClinicalTrials.gov and WHO ICTRP).

Date of last search of trials register: 24 June 2019.

Selection criteria

Randomised controlled trials (RCTs) or quasi-RCTs comparing diIerent glucocorticoid replacement regimens for treating CAH due to 21-
hydroxylase deficiency in children and adults.

Data collection and analysis

The authors independently extracted and analysed the data from diIerent interventions. They undertook the comparisons separately and
used GRADE to assess the quality of the evidence.
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Main results

Searches identified 1729 records with 43 records subject to further examination. AMer screening, we included five RCTs (six references)
with a total of 101 participants and identified a further six ongoing RCTs. The number of participants in each trial varied from six to 44,
with participants' ages ranging from 3.6 months to 21 years. Four trials were of cross-over design and one was of parallel design. Duration
of treatment ranged from two weeks to six months per treatment arm with an overall follow-up between six and 12 months for all trials.
Overall, we judged the quality of the trials to be at moderate to high risk of bias; with lack of methodological detail leading to unclear or
high risk of bias judgements across many of the domains.

All trials employed an oral glucocorticoid replacement therapy, but with diIerent daily schedules and dose levels. Three trials compared
diIerent dose schedules of hydrocortisone (HC), one three-arm trial compared HC to prednisolone (PD) and dexamethasone (DXA) and
one trial compared HC with fludrocortisone to PD with fludrocortisone. Due to the heterogeneity of the trials and the limited amount of
evidence, we were unable to perform any meta-analyses.

No trials reported on quality of life, prevention of adrenal crisis, presence of osteopenia, presence of testicular or ovarian adrenal rest
tumours, subfertility or final adult height.

Five trials (101 participants) reported androgen normalisation but using diIerent measurements (very low-quality evidence for all
measurements). Five trials reported 17 hydroxyprogesterone (17 OHP) levels, four trials reported androstenedione, three trials reported
testosterone and one trial reported dehydroepiandrosterone sulphate (DHEAS). AMer four weeks, results from one trial (15 participants)
showed a high morning dose of HC or a high evening dose made little or no diIerence in 17 OHP, testosterone, androstenedione and
DHEAS. One trial (27 participants) found that HC and DXA treatment suppressed 17 OHP and androstenedione more than PD treatment
aMer six weeks and a further trial (eight participants) reported no diIerence in 17 OHP between the five diIerent dosing schedules of HC at
between four and six weeks. One trial (44 participants) comparing HC and PD found no diIerences in the values of 17 OHP, androstenedione
and testosterone at one year. One trial (26 participants) of HC versus HC plus fludrocortisone found that at six months 17 OHP and
androstenedione levels were more suppressed on HC alone, but there were no diIerences noted in testosterone levels.

While no trials reported on absolute final adult height, we reported some surrogate markers. Three trials reported on growth and bone
maturation and two trials reported on height velocity. One trial found height velocity was reduced at six months in 26 participants given
once daily HC 25 mg/m2/day compared to once daily HC 15 mg/m2/day (both groups also received fludrocortisone 0.1 mg/day), but as
the quality of the evidence was very low we are unsure whether the variation in HC dose caused the diIerence. There were no diIerences
noted in growth hormone or IGF1 levels. The results from another trial (44 participants) indicate no diIerence in growth velocity between
HC and PD at one year (very low-quality evidence), but this trial did report that once daily PD treatment may lead to better control of bone
maturation compared to HC in prepubertal children and that the absolute change in bone age/chronological age ratio was higher in the
HC group compared to the PD group.

Authors' conclusions

There are currently limited trials comparing the eIicacy and safety of diIerent glucocorticoid replacement regimens for treating 21-
hydroxylase deficiency CAH in children and adults and we were unable to draw any firm conclusions based on the evidence that was
presented in the included trials.

No trials included long-term outcomes such as quality of life, prevention of adrenal crisis, presence of osteopenia, presence of testicular
or ovarian adrenal rest tumours, subfertility and final adult height. There were no trials examining a modified-release formulation of HC
or use of 24-hour circadian continuous subcutaneous infusion of hydrocortisone. As a consequence, uncertainty remains about the most
eIective form of glucocorticoid replacement therapy in CAH for children and adults.

Future trials should include both children and adults with CAH. A longer duration of follow-up is required to monitor biochemical and
clinical outcomes.

P L A I N   L A N G U A G E   S U M M A R Y

Glucocorticoid replacement regimens in the treatment of 21-hydroxylase deficiency congenital adrenal hyperplasia

Review question

Steroid replacement therapy is used for treating congenital adrenal hyperplasia (CAH) due to 21-hydroxylase deficiency in children and
adults; we looked at the evidence for how well diIerent regimens work and how safe they are.

Background

CAH is a genetic disorder of the adrenal glands that aIects the body's general health, growth, and development. Adrenal glands sit above
the kidneys and are responsible for making the hormones cortisol and aldosterone. Cortisol helps to regulate blood sugar and blood
pressure; and aldosterone is needed to control the salt concentration in the blood. The most common form of CAH is 21-hydroxylase
deficiency (more than 90% of cases). In a child with this type of CAH, the adrenal glands can not make enough cortisol and aldosterone.
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The glands overwork trying to make these hormones and end up making too many androgens (steroid hormones which regulate the
development and maintenance of male characteristics in a person). Steroid medicines similar to cortisol are used to replace cortisol, and
fludrocortisone (hormones that are similar to aldosterone) are the usual treatment for CAH due to 21-hydroxylase deficiency.

There are many diIerent schedules and formulations of steroid replacement therapies, e.g. daily, twice-daily, three-times daily, more
than three-times daily medications, modified-release formulation of hydrocortisone or using a 24-hour circadian continuous infusion of
hydrocortisone under the skin. We wanted to know which is more eIective in treating 21-hydroxylase deficiency CAH in children and adults.

Search date

The evidence is current to: 24 June 2019.

Trial characteristics

The review included five trials (six references) comparing diIerent steroid replacement regimens in 101 people with 21-hydroxylase
deficiency CAH. The number of people in each trial varied from six to 44 and they ranged in age from 3.6 months to 21 years. We also found
six studies that are still ongoing.

Key results

All trials used an oral therapy, but with diIerent daily schedules and dose levels of steroids. Three trials compared diIerent dose schedules
of hydrocortisone, one trial compared hydrocortisone to prednisolone and dexamethasone and one trial compared hydrocortisone with
fludrocortisone to prednisolone with fludrocortisone. We found no trials using a modified-release formulation of hydrocortisone or a
continuous 24-hour delivery under the skin of hydrocortisone.

Five trials reported androgen normalisation but using diIerent measurements; none of these results showed any consistent and real
diIerence between therapies. In one trial (26 participants) participants taking a higher dose of hydrocortisone reported a higher growth
rate, but we are not sure whether this was directly due to the treatment. In a second trial (44 participants) comparing hydrocortisone to
prednisolone we are unsure whether the therapies aIect growth rate (due to the very low quality of the evidence).

No trials included long-term outcomes for quality of life, preventing an adrenal crisis, presence of bone fragility, presence of testicular or
ovarian adrenal rest tumours, diIiculty in conceiving and final adult height.

Quality of the evidence

Many trials had a high or unclear overall risk of bias. There were problems with the quality of the evidence, which was judged to be very low
for all outcomes we considered across all the trials. This was because the trials were only small and if they compared a second treatment
aMer the first, they did not leave enough time for the eIects of the first treatment to clear. Also, people taking part had previously been
treated with diIerent glucocorticoids.

Conclusions

There is not enough evidence to show which steroid replacement treatment schedule results in better outcomes or which is the most
eIective form of steroid replacement therapy in CAH for adults and children. Large, well-designed trials are needed to assess the
eIectiveness and safety of diIerent steroid replacement therapies for treating 21-hydroxylase deficiency CAH in children and adults. A
longer duration of follow-up is needed to monitor biochemical and clinical outcomes.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   HC (13.5 mg/m2/day to 15.5 mg/m2/day): high morning dose vs high evening dose for treating CAH

HC (13.5 mg/m2/day to 15.5 mg/m2/day) high morning dose compared with high evening dose for treating CAH

Patient or population: people with CAH

Settings: outpatients, tertiary centre

Intervention: HC (13.5 mg/m2/day to 15.5 mg/m2/day): 50% daily dose in the morning followed by 25% at noon and 25% in the evening

Comparison: HC (13.5 mg/m2/day to 15.5 mg/m2/day): 25% daily dose in the morning and 25% at noon followed by 50% in the evening

Illustrative comparative risks*
(95% CI)

Assumed risk Corresponding
risk

Outcomes

High evening
dose

High morning
dose

Relative effect
(95% CI)

No of partici-
pants
(trials)

Quality of the
evidence
(GRADE)

Comments

QoL

Follow-up: 4 weeks

Outcome not reported. NA NA NA  

Androgen normalisa-
tion

Follow-up: 4 weeks

See comments NA 15

(1 cross-over
trial)

⊕⊝⊝⊝a,b,c

very low

17 OHP (nmol/L)

Results for 17 OHP are presented as medians
(IQR); 44 (16 to 116) for the high morning dose
compared to 33 (15 to 76) for the high evening
dose.

Androstenedione (nmol/L)

Results for androstenedione are presented as
medians (IQR); 1.80 (1.0 to 3.0) for the high morn-
ing dose compared to 1.90 (1.20 to 6.50) for the
high evening dose.

Testosterone (nmol/L)

Results for testosterone are presented as medi-
ans (IQR); 0.70 (0.30 to 2.30) for the high morning
dose compared to 1.1 (0.60 to 2.70) for the high
evening dose.
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DHEAS (nmol/L)

Results for DHEAS are presented as medians
(IQR); 0.20 (0.20 to 0.60) for the high morning
dose compared to 0.40 (0.20 to 0.70) for the high
evening dose.

Prevention of adrenal
crisis

Follow-up: 4 weeks

Outcome not reported. NA NA NA  

Presence of osteope-
nia

Follow-up: 4 weeks

Outcome not reported. NA NA NA  

Presence of testicu-
lar or ovarian adrenal
rest tumours

Follow-up: 4 weeks

Outcome not reported. NA NA NA  

Subfertility

Follow-up: 4 weeks

Outcome not reported. NA NA NA  

Final adult height

Follow-up: 4 weeks

Outcome not reported NA NA NA  

*The basis for the assumed risk (e.g. the median control group risk across trials) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based
on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
17 OHP: 17-hydroxyprogesterone; CAH: congenital adrenal hyperplasia; CI: confidence interval; DHEAS: dehydroepiandrosterone sulphate; HC: hydrocortisone; IQR: in-
terquartile range; NA: not applicable; QoL: quality of life.

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

a Downgraded once for high risk of bias due to incomplete outcome data and selective reporting.
b Downgraded once due to potential risk of bias: unclear details related to methodological design.
c Downgraded due to uncertainty: small sample size and wide IQR.
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Summary of findings 2.   HC (15 mg/m2/day) versus PD (3 mg/m2/day) versus DXA (0.3 mg/m2/day) for treating CAH

HC (15 mg/m2/day) versus PD (3.0 mg/m2/day) versus DXA (0.3 mg/m2/day) for treating CAH

Patient or population: people with CAH

Settings: outpatients, tertiary centre

Intervention: HC (15 mg/m2/day) or PD (3.0 mg/m2/day) or DXA (0.3 mg/m2/day)

Comparison: DXA (0.3 mg/m2/day)

Illustrative comparative risks*
(95% CI)

Assumed risk Corresponding
risk

Outcomes

DXA HC or PD

Relative effect
(95% CI)

No of partici-
pants
(trials)

Quality of the
evidence
(GRADE)

Comments

QoL

Follow-up: 6 weeks

Outcome not reported. NA NA NA  

Androgen normalisation

Follow-up: 6 weeks

See comments. NA 9

(1 cross-over
trial)

⊕⊝⊝⊝a,b,c,d

very low

17 OHP (nmol/L)

There were lower levels of 17
OHP reported in the DXA group
compared to HC (P < 0.001) and
compared to PD (P < 0.001).

Androstenedione (nmol/L)

Androstenedione levels were sig-
nificantly lower with DXA when
compared to HC (P = 0.016) and
PD (P = 0.002).

Prevention of adrenal crisis

Follow-up: 6 weeks

Outcome not reported. NA NA NA  

Presence of osteopenia

Follow-up: 6 weeks

Outcome not reported. NA NA NA  
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Presence of testicular or ovarian
adrenal rest tumours

Follow-up: 6 weeks

Outcome not reported. NA NA NA  

Subfertility

Follow-up: 6 weeks

Outcome not reported. NA NA NA  

Final adult height

Follow-up: 6 weeks

Outcome not reported. NA NA NA  

*The basis for the assumed risk (e.g. the median control group risk across trials) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based
on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
17 OHP: 17-hydroxyprogesterone; CAH: congenital adrenal hyperplasia; CI: confidence interval; DXA: dexamethasone; HC: hydrocortisone; NA: not applicable; PD: pred-
nisolone; QoL: quality of life.

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

a Downgraded once for high risk of bias due to incomplete outcome data and selective reporting.
b Downgraded once due to risk of bias: unclear details related to methodological design.
c Downgraded due to uncertainty: small sample size so P values should be interpreted with caution.
d Downgraded once for lack of applicability as included study only includes children so results are not applicable to adults.
 
 

Summary of findings 3.   HC (10 mg/m2/day to 15 mg/m2/day) versus PD (2.4 mg/m2/day to 3.5 mg/m2/day) for treating CAH

HC (10 mg/m2/day to 15 mg/m2/day) versus PD (2.4 mg/m2/day to 3.5 mg/m2/day) for treating CAH

Patient or population: people with CAH

Settings: outpatients, tertiary centre

Intervention: HC (10 mg/m2/day to 15 mg/m2/day)

Comparison: PD (2.4 mg/m2/day to 3.5 mg/m2/day)

Outcomes Illustrative comparative risks* (95% CI) Relative effect
(95% CI)

No of partici-
pants
(trials)

Quality of the
evidence
(GRADE)

Comments
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Assumed risk Corresponding risk

PD HC

QoL

Follow-up: 1
year

Outcome not reported. NA NA NA  

17 OHP (nmol/L)

The mean level of 17
OHP across the pre-
pubertals and pu-
bertals group in the
control group was
1737.00 nmol/L.

17 OHP (nmol/L)

The mean level of 17
OHP was 1189.10
nmol/L higher (51.08
lower to 2429.28 high-
er) with HC.

  44

(1 trial)

⊕⊝⊝⊝a,b,c

very low

17 OHP (nmol/L)

Data reported separately for pubertal and
pre-pubertal participants. Neither individ-
ual result was significant; for the pre-puber-
tal participants, MD 1436.00 nmol/L (95% CI
-127.38 to 2999.38) and for pubertal partic-
ipants, MD 770.00 nmol/L (95% CI -1266.86
to 2806.86).

Androstenedione
(nmol/L)

The mean level of
androstenedione
across the prepuber-
tals and pubertals
group in the control
group was 126.00
nmol/L

Androstenedione
(nmol/L)

The mean level of an-
drostenedione in the
HC group was 57.75
nmol/L higher (11.19
higher to 104.31 high-
er).

  44

(1 trial)

⊕⊝⊝⊝a,b,c

very low

Androstenedione (nmol/L)

Data reported separately for pubertal and
pre-pubertal participants. Neither individ-
ual result was significant; for the pre-pu-
bertal participants, MD 63.00 nmol/L (95%
CI -4.57 to 130.57) and for pubertal partic-
ipants, MD 53.00 nmol/L (95% CI -11.25 to
117.25).

Androgen nor-
malisation

Follow-up: 1
year

Testosterone
(nmol/L)

The mean testos-
terone level across
the prepubertals and
pubertals group in
the control group
was 82.00 nmol/L.

Testosterone (nmol/
L)

The mean testos-
terone level in the hy-
drocortisone group
was 38.55 nmol/L
higher (6.48 lower to
83.58 higher).

  44 (1 trial) ⊕⊝⊝⊝a,b,c

very low

Testosterone (nmol/L)

Data reported separately for pubertal and
pre-pubertal participants. Neither individ-
ual result was significant; for the pre-pu-
bertal participants, MD 35.00 nmol/L (95%
CI -29.13 to 99.13) and for pubertal partic-
ipants, MD 42.00 nmol/L (95% CI -21.24 to
105.24).

Prevention of
adrenal crisis

Follow-up: 1
year

Outcome not reported. NA NA NA  
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Presence of os-
teopenia

Follow-up: 1
year

Outcome not reported. NA NA NA  

Presence of
testicular or
ovarian adren-
al rest tumours

Follow-up: 1
year

Outcome not reported. NA NA NA  

Subfertility

Follow-up: 1
year

Outcome not reported. NA NA NA  

Final adult
height

Follow-up: 1
year

The mean height
velocity in the PD
group was 1.12.

The mean height ve-
locity in the HC group
was
0.26 higher (0.82 low-
er to 1.34 higher).

  44

(1 trial)

⊕⊝⊝⊝a,b,c

very low

The results are for height velocity which is a
surrogate measure for final adult height.

The ratio of bone age to chronological age
(a further surrogate marker for final adult
height) was also measured and results sug-
gest no difference between the groups, MD
0.15 (95% CI -0.03 to 0.33).

*The basis for the assumed risk (e.g. the median control group risk across trials) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based
on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

17 OHP: 17-hydroxyprogesterone; CAH: congenital adrenal hyperplasia; CI: confidence interval; DXA: dexamethasone; HC: hydrocortisone; MD: mean difference; NA: not
applicable; PD: prednisolone; QoL: quality of life.

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

a Downgraded once for high risk of bias due to incomplete outcome data and selective reporting.
b Downgraded once due to risk of bias: unclear details related to methodological design.
c Downgraded once due to imprecision: outcome was downgraded due to imprecision and uncertainty, very large CIs around the MD.
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0

Summary of findings 4.   HC (15 mg/m2/day) vs HC (25 mg/m2/day) with fludrocortisone (0.1 mg/day) for treating CAH

HC (15 mg/m2/day) vsus HC (25 mg/m2/day) with fludrocortisone (0.1 mg/day) for treating CAH

Patient or population: people with CAH

Settings: outpatients, tertiary centre

Intervention: HC (15 mg/m2/day)

Comparison: HC (25 mg/m2/day) with fludrocortisone (0.1 mg/day)

Illustrative comparative risks*
(95% CI)

Assumed risk Corresponding
risk

Outcomes

HC with fludro-
cortisone

HC

Relative effect
(95% CI)

No of partici-
pants
(trials)

Quality of the
evidence
(GRADE)

Comments

QoL

Follow-up: 6
months

Outcome not reported. NA NA NA  

Androgen nor-
malisation

Follow-up: 6
months

See comments. NA 26

(1 cross-over
trial)

⊕⊝⊝⊝a,b,c

very low

17 OHP (nmol/L)

Results presented as medians (IQR) and split for pre-
pubertal and pubertal participants. For prepubertals,
the levels of 17 OHP were higher in the HC 15 mg/m2/
day group, 113.7 (0.5 to 1207) compared to 11.5 (0.6 to
819.9) in the HC 25 mg/m2/day group. For the pubertal
group, the levels of 17 OHP were lower in the 15 mg/
m2/day group, 91.7 (6.8 to 453.0) compared to 314.2
(66.5 to 568.7) in the HC 25 mg/m2/day group.

Androstenedione (nmol/L)

Results show that for prepubertals androstenedione
levels were higher in the HC 15 mg/m2/day group,
3.4 (0.5 to 40.2) compared to the HC 25 mg/m2/day
group, 1.6 (0.1 to 31.8). For the pubertal group, an-
drostenedione levels were lower in the HC 15 mg/m2/
day group, 11 (6.1 to 41.9) compared to the HC 25 mg/
m2/day group, 22.3 (10.5 to 47.5).
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1

Testosterone (nmol/L)

Results show that testosterone levels for prepubertals
were higher in the HC 15 mg/m2/day group, 2.5 (0.8 to
9.1) compared to the HC 25 mg/m2/day group, 2.3 (1.2
to 11.3). For the pubertal group, the levels of testos-
terone were lower in the HC 15 mg/m2/day group, 4.7
(3.9 to 6.9) compared to the HC 25 mg/m2/day group,
6.2 (3.5 to 9.2).

Prevention of
adrenal crisis

Follow-up: 6
months

Outcome not reported. NA NA NA  

Presence of os-
teopenia

Follow-up: 6
months

Outcome not reported. NA NA NA  

Presence of tes-
ticular or ovari-
an adrenal rest
tumours

Follow-up: 6
months

Outcome not reported. NA NA NA  

Subfertility

Follow-up: 6
months

Outcome not reported. NA NA NA  

Final adult
height

Follow-up: 6
months

See comments. The mean
difference in
height velocity
between the 2
groups was
0.34 higher
(0.27 higher to
0.41 higher).

NA 26

(1 cross-over
trial)

⊕⊝⊝⊝a,b,c

very low

The results are for height velocity which is a surrogate
measure for final adult height.

*The basis for the assumed risk (e.g. the median control group risk across trials) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based
on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
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2

17 OHP: 17-hydroxyprogesterone; CAH: congenital adrenal hyperplasia; CI: confidence interval; HC: hydrocortisone; IQR: interquartile range; NA: not applicable; QoL: qual-
ity of life.

GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

a Downgraded once for high risk of bias due to incomplete outcome data and selective reporting.
b Downgraded once due to potential risk of bias: unclear details related to methodological design.
c Downgraded due to uncertainty: small sample size and wide IQR.
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Description of the condition

Congenital adrenal hyperplasia (CAH) represents a group of
autosomal recessive conditions which lead to glucocorticoid
deficiency. It is the most common cause of adrenal insuIiciency in
children, aIecting 1 in 18,000 births in the UK (Khalid 2012), while
in other populations, the incidence of CAH ranges from 1 in 5000
to 1 in 20,000 (Marumudi 2013; Riepe 2007). In more than 90% of
cases, 21-hydroxylase enzyme deficiency is found; this is caused
by mutations in the 21-hydroxylase gene (CYP21) (Marumudi 2013).
In most forms of CAH, an enzyme defect blocks cortisol synthesis,
thus impairing cortisol-mediated negative feedback control of
adrenocorticotrophic hormone (ACTH) secretion. Oversecretion of
ACTH ensues, which results in overstimulation of the adrenals
and causes them to enlarge (hyperplasia). This oversecretion
also stimulates excessive synthesis of the adrenal products of
those pathways unimpaired by an enzyme deficiency. Control of
androgens is oMen highly variable and metabolic abnormalities
such as obesity, hypercholesterolaemia, hypertension, insulin
resistance and osteopenia have been reported (Marumudi 2013).
The clinical forms of 21-hydroxylase enzyme deficiency are typically
categorised as classical 21-hydroxylase deficiency CAH, which is
the severe form, or non-classic (NCAH), which is the mild or late-
onset form. Classical 21-hydroxylase deficiency also has further
subcategories of salt-wasting (SW) or simple-virilizing (SV) (also
known as non-salt wasting) forms, depending on the presence
of aldosterone deficiency (Khalid 2012). Clinical manifestations in
classical 21-hydroxylase deficiency CAH are due to glucocorticoid
deficiency, mineralocorticoid deficiency and androgen excess. The
NCAH form is oMen under-diagnosed and may be associated
with hyperandrogenic symptoms presenting either in childhood
(precocious puberty) or later in adulthood (acne, infertility)
(Marumudi 2013). Biochemical diagnosis of CAH relies on the
determination of 17 hydroxyprogesterone (17 OHP); the ACTH
stimulation test is the diagnostic test for evaluating adrenal gland
function and is used for the biochemical diagnosis of NCAH due
to other enzyme deficiencies. A diagnosis of CAH is oMen further
confirmed on genetic testing and urine steroid profiling.

Description of the intervention

The management of individuals with classical 21-hydroxylase
deficiency CAH involves the replacement of glucocorticoids
(with oral glucocorticoids, including prednisolone and
hydrocortisone), the suppression of ACTH and the replacement of
mineralocorticoids to prevent salt wasting. Hydrocortisone is the
preferred choice of glucocorticoid replacement in children with
CAH, as prednisolone and dexamethasone are associated with
growth suppression (Bonfig 2007; LWPES/ESPE 2002). The typical
dosing of hydrocortisone in children is 10 to 15 mg/m2 per day given
in three divided doses. Hydrocortisone is rapidly absorbed from the
intestine aMer oral intake. The bioavailability of hydrocortisone is
greater than 90%, but it has a short time to maximum concentration
(Tmax) of one to two hours and a short half life of 1.8 to two hours
(Charmandari 2001). Hydrocortisone is highly protein-bound and
there is a high clearance rate with increasing dosage (Fuqua 2010).
However, conventional hydrocortisone treatment is associated
with reduced quality of life (QoL) and increased side eIects on bone
metabolism and cardiovascular risks (Debono 2009).

Several other regimens have been proposed to mimic the
normal physiological endogenous cortisol levels, such as variable
intravenous infusions of hydrocortisone (Merza 2006), multiple
dosing of immediate-release formulation of hydrocortisone
tablets or suspension given four- to five-times daily (Hindmarsh
2009; Hindmarsh 2014), dual release (immediate-release tablet
with sustained-release core) hydrocortisone tablets (Johannsson
2009), modified-release formulation tablets or suspension of
hydrocortisone taken once (Verma 2010) or twice daily (Mallappa
2015) and a combination of hydrocortisone and prednisolone
regimen (Ajish 2014).

During childhood, the main aims of medical treatment of 21-
hydroxylase deficiency CAH are to prevent adrenal crisis and to
achieve normal stature, optimal adult height and to undergo
normal puberty. In adulthood, the aims of medical treatment are to
prevent adrenal crisis, ensure normal fertility and to avoid the long-
term consequences of glucocorticoid use.

How the intervention might work

Current treatment regimens for CAH with glucocorticoids cannot
optimally replicate the normal physiological cortisol level (Merza
2006). Over-treatment or under-treatment of CAH is oMen reported
in individuals who may be treated with diIerent steroid treatment
regimens. Conventional twice- or three-times-daily hydrocortisone
replacement therapy does not replicate the normal circadian
rhythm, as cortisol levels are always low in the early hours of the
morning when endogenous cortisol levels are normally rising. This
then drives a nocturnal rise in ACTH which increases the production
of androgens (Charmandari 2001). Under-treatment and the
resulting excess production of androgens causes virilization,
accelerated growth, advanced skeletal maturation and early
epiphyseal fusion (Riepe 2007). Conversely, a longer-acting cortisol
regimen bears the risk of over-treatment and if taken at night
will expose individuals to high levels of steroid at the time
of the cortisol nadir. Over-treatment oMen leads to side eIects
such as obesity, hypertension and osteoporosis (Subbarayan
2014). In some regimens, reverse circadian rhythm pattern of
hydrocortisone replacement has been used, where a higher dose
is given at night in order to suppress overnight increases in
ACTH rather than giving the highest dose of hydrocortisone in the
morning.

Why it is important to do this review

There is no current standard treatment for 21-hydroxylase
deficiency CAH and physicians oMen customise treatment for
each individual using various regimens. It remains unclear
which treatment regimen is most eIective (Riepe 2002). The
pharmacokinetics and pharmacodynamics of currently available
glucocorticoid regimens do not allow the matching of the hormonal
fluctuations and the physiological requirements in people with 21-
hydroxylase deficiency CAH and there is much debate as to which is
the most eIicacious regimen used for the treatment of CAH (Merza
2006). This review aims to establish evidence of eIicacy for the
diIerent treatment regimens of cortisol replacement in people with
21-hydroxylase deficiency CAH and will separately examine trials
comparing the diIerent glucocorticoid replacement regimens in
the treatment of 21-hydroxylase deficiency CAH.

Glucocorticoid replacement regimens for treating congenital adrenal hyperplasia (Review)
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O B J E C T I V E S

To compare and determine the eIicacy and safety of diIerent
glucocorticoid replacement regimens in the treatment of 21-
hydroxylase deficiency CAH in children and adults.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included any randomised controlled trials (RCTs) or quasi-
RCTs (where method of allocation is not truly random), of both
parallel and cross-over design (but not cluster RCTs), comparing
diIerent glucocorticoid replacement regimens in the treatment of
21-hydroxylase deficiency CAH in children and adults.

Types of participants

Children and adults diagnosed with 21-hydroxylase deficiency CAH
according to the appropriate diagnostic criteria of the time. A child
is defined as under 18 years of age.

Types of interventions

Any circadian, extended release or conventional hydrocortisone
replacement regimen (no dose restrictions) of any duration for
treating congenital adrenal hyperplasia in children and adults. We
compared the following active interventions to each other if they
were reported:

• daily Plenadren® (an immediate-release tablet with sustained-
release hydrocortisone core formulation);

• daily Chronocort® (a modified-release formulation of
hydrocortisone);

• twice-daily Chronocort® (a modified-release formulation of
hydrocortisone);

• three-times daily conventional immediate-release formulation
of hydrocortisone;

• more than three-times daily conventional immediate-release
formulation of hydrocortisone;

• 24-hour circadian continuous subcutaneous infusion of
hydrocortisone;

• combination of oral hydrocortisone and prednisolone regimen.

The mineralocorticoid replacement dosing will not be compared.

Types of outcome measures

Primary outcomes

1. QoL score (as assessed by Short Form Health Survey (SF-36))

2. Androgen normalisation (defined by 17 OHP monitoring)

3. Prevention of adrenal crisis

Secondary outcomes

1. Presence of osteopenia (bone mineral density (BMD) measured
by dual X-ray absorptiometry (DEXA))

2. Presence of testicular or ovarian adrenal rest tumours

3. Subfertility (defined by history, evidence of adrenal
progesterone hypersecretion, consequences of genital
reconstructive surgery, secondary polycystic ovaries syndrome)

4. Final adult height in standard deviation score (SDS)

Search methods for identification of studies

The authors searched for all relevant published and unpublished
trials without restrictions on language, year or publication status.

Electronic searches

The Cochrane Cystic Fibrosis and Genetic Disorders Group's
Information Specialist conducted a search of the Group's Inborn
Errors of Metabolism Trials Register using the keyword: congenital
adrenal hyperplasia.

The Inborn Errors of Metabolism Trials Register is compiled
from electronic searches of the Cochrane Central Register of
Controlled Trials (CENTRAL) (updated with each new issue of
the Cochrane Library), weekly searches of MEDLINE and the
prospective handsearching of one journal - Journal of Inherited
Metabolic Disease. Unpublished work is identified by searching
through the abstract books of the Society for the Study of Inborn
Errors of Metabolism conference and the SHS Inborn Error Review
Series. For full details of all searching activities for the register,
please see the Cochrane Cystic Fibrosis and Genetic Disorders
Group's website.

Date of the most recent search of the Group's Inborn Errors of
Metabolism Trials Register: 24 June 2019.

The authors searched the following databases, registers and trial
registries:

• Cochrane Central Register of Controlled Trials (CENTRAL; 2019,
Issue 12) in the Cochrane Library (searched 17 December 2019);

• MEDLINE Ovid (1946 to 17 December 2019);

• HDAS Embase (1974 to 17 December 2019);

• ISRCTN registry (www.isrctn.com; searched 17 December 2019);

• US National Institutes of Health Ongoing Trials Register
Clinicaltrials.gov (www.clinicaltrials.gov; searched 17 December
2019);

• World Health Organization International Clinical Trials Registry
Platform (WHO ICTRP) (apps.who.int/trialsearch; searched 17
December 2019);

• Health Canada’s Clinical Trial Database (health-
products.canada.ca/ctdb-bdec/index-eng.jsp; searched 17
December 2019);

• NICE Evidence (www.evidence.nhs.uk; searched 17 December
2019).

For details of the search strategies, please see Appendix 1.

Searching other resources

The authors checked the bibliographies of included studies and
also any relevant systematic reviews and health technology
assessment (HTA) reports identified for further references
to relevant trials. They also hand searched www.endocrine-
abstracts.org from 2001 to 2019.

Data collection and analysis

One author (KS) conducted an initial search and undertook an
initial siM of the search results to identify potentially relevant

Glucocorticoid replacement regimens for treating congenital adrenal hyperplasia (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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articles. Both authors (KS and SN) then independently assessed the
articles for eligibility.

Selection of studies

To determine the trials for further assessment, two review authors
(SN, KS) independently scanned the abstract and title of every
record retrieved. They reviewed the full texts of all potentially
relevant articles.If there were any diIerences in opinion, the
review authors planned to resolve these by consensus and with
an independent advisor. If it was not possible to resolve a
disagreement regarding trial selection, the review authors planned
to add the article to those 'Awaiting assessment' and planned
to contact the trial investigators for clarification. There was no
disagreement on trial selection, therefore an independent advisor
was not required.

Dealing with duplicate publications

In the case of duplicate publications and companion papers
of a primary paper, the review authors extracted all available
information from all publications. In cases of doubt, the review
authors obtained the original publication (usually the oldest
version) as a priority. We have listed all publications relating to each
unique trial under a single trial ID.

Data extraction and management

The authors extracted data using the Cochrane Cystic Fibrosis
and Genetic Disorders Review Group's trial selection, quality
assessment and data extraction form, adapted to suit the outcomes
of this review. They recorded trial design, trial participant
characteristics, and outcome data and would have resolved any
disagreements by discussion, or if required by a third party, if they
had occurred. They also measured the inter-rater agreement for
trial selection using the kappa statistic (Cohen 1960). The review
authors would have requested any relevant missing information
from the trial investigators, if this had been required. The reviewers
had planned to analyse the data from diIerent interventions
separately, but due to the data limitations were only able to report
results narratively.

The review authors reported outcome data at the following
intervals:

• short term: less than 12 months;

• medium term: one to five years;

• long term: more than five years.

If trials reported multiple time points within the time frames
described above (e.g. three months and six months) then the review
authors presented any additional individual time points, but still
described the results as 'short term', 'medium term' or 'long term'
as appropriate.

Assessment of risk of bias in included studies

The authors used the Cochrane risk of bias tool to assess the
following criteria: randomisation; allocation concealment; blinding
of participants and personnel; blinding of outcome assessment;
incomplete outcome data; and selective reporting (Higgins 2011).
They classified the risks as low, high or unclear and recorded each
decision and their reasons for the judgement in a table; they also
displayed the assessments in the overall risk of bias summary.

Measures of treatment eBect

The authors planned to follow recommendations for data analysis
set out in the Cochrane Handbook for Systematic Reviews of
Interventions (Deeks 2011). They have presented data in the graphs;
however, they were not able to combine data to perform any meta-
analysis due to considerable heterogeneity in the trials.

For dichotomous outcomes, (such as presence of
osteoporosis, testicular or ovarian tumours, hypertension,
hypercholesterolaemia or obesity) the authors planned to analyse
the treatment eIect using risk ratios (RR), however, they were not
able to undertake this due to the limited data. Considering the
outcome measures listed, as the authors expected, most of the data
collected for this review was continuous. They extracted means and
standard deviations (SDs) from the trials where possible.

Unit of analysis issues

The authors implemented the following strategies to minimize the
impact of non-standard designs upon the conclusions of the review.
Despite initially planning on considering cluster RCTs for this review
and discussing this in the protocol, on reflection they decided that
the trial design was not appropriate and amended the review's
inclusion criteria.

The authors included cross-over trials and analysed data from one
of these in the review (Silva 1997). Although they planned to analyse
only first-arm data for cross-over trials, the data available only
allowed them to analyse the height data from the Silva trial using
GIV analysis (Silva 1997). They entered the MD between treatment
arms at six months into the GIV calculations and then derived
the standard error (SE) from the published P value. The authors
have reported results from the remaining three cross-over trials
narratively (German 2008; Nebesio 2016; Winterer 1985).

Dealing with missing data

If data were missing from the included trials, the review authors
made every eIort to contact the original trial authors to obtain
these data. If data such as standard deviations (SDs) were missing,
where appropriate, the authors planned to calculate these from
SEs, CIs, T-values or P values (if reported). In the event of large
scale missing data or participant attrition, authors planned to
carry out an intention-to-treat analysis but no trials reported
participant attrition rates. Bias can result from the imperfect nature
of estimates by imputation; to protect against this the authors
carried out an available-case analysis dealing with participants who
completed the trial. If this occurred, the authors had planned to
conduct sensitivity analysis but due to limited data this was not
possible.

Assessment of heterogeneity

Authors planned to assess heterogeneity using the I2 statistic, which
gives insight into the level of variability within results that is due
to heterogeneity as opposed to chance alone (Higgins 2003). The
authors planned to assess heterogeneity in terms of overlapping
percentage intervals: 0% to 40% (might not be important); 30%
to 60% (may represent moderate heterogeneity); 50% to 90%
(may represent substantial heterogeneity); and 75% to 100% (may
represent considerable heterogeneity) (Deeks 2011). However, due
to limited data, this was not possible.
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Assessment of reporting biases

A comprehensive search strategy, including grey literature,
protected against many forms of publication bias. The authors
note, however, that this method alone would not prevent all
possibility of publication bias infiltrating the review. Therefore, if
the authors had identified and incorporated more than 10 trials,
they would have further assessed publication bias using funnel
plots. The authors planned to visually assess the funnel plots
they generated to assess asymmetry and consider the descriptive
characteristics of the plot. Further to visual inspection, authors also
planned to assess funnel plot asymmetry using an adaptation of the
linear regression model (Eggar 1997).

In order to examine possible selective reporting bias, the review
authors requested trial protocols from two original trial authors but
have received no response to date (Silva 1997; Winterer 1985).

Data synthesis

The authors have used fixed-eIect analyses in this review as a
pooled eIect estimate from a fixed-eIect meta-analysis is normally
interpreted as being the best estimate of the intervention eIect.
For future updates, where heterogeneity cannot be explained
by the pre-specified subgroup analyses, the authors plan to
perform a sensitivity analysis using a random-eIects model. If a
future meta-analysis is not appropriate (e.g. a substantial level of
heterogeneity), the review authors will present a narrative within
the results section.

Subgroup analysis and investigation of heterogeneity

If suIicient data had been available and at least moderate
heterogeneity had been present (as defined above), the authors
planned to conduct subgroup analyses based on children (younger
than 18 years of age) and adults (18 years and older) for
the outcome final adult height within the diIerent intervention
categories. The achievement of final adult height for children with
this condition is an important aspect of optimal management and
the rationale for this subgroup analysis was a possible impact of
steroid use in children on their delayed growth, puberty and their
final height.

Lai previously showed that mean height aMer age of 18 years is
significantly lower in boys previously treated with prednisolone
(PD) versus placebo (Lai 2000). In adults, there are significant
reductions in bone mineral density (BMD) associated with the use
of PD (or equivalent) and fracture risk increased within three to
six months of treatment initiation; this increased fracture risk was
independent of the individual's age, gender and the underlying
disease (van Staa 2002). However, due to limited data, the proposed
subgroup analysis was not possible.

The authors do not propose any subgroup analyses by age for any
other outcomes.

Sensitivity analysis

If authors had found data were incomplete, if they had needed
to impute data, or if criteria limits were poorly defined (such as
age ranges, or what constitutes 'standard care') they planned to
undertake sensitivity analyses. If appropriate, they would have
completed the meta-analyses with and without the contentious
data to assess its impact upon the overall findings. If the results
of the meta-analyses were not greatly altered, the robustness of

the review would be increased. If results of the two analyses
had diIered greatly, then they would have interpreted the results
of the review with caution.The authors planned to avoid this
by conducting a sensitivity analysis at the participant level
and incorporating adjustment using the intra-class correlation
coeIicient (ICC).

If the authors had identified diIerent levels of potential bias in
trials, they would have conducted sensitivity analyses. If they
judged some trials to contain potentially high or uncertain levels of
bias, they would have omitted these from the analyses. This again
would allow the reviewers to identify the impact of these trials upon
the results of the analyses. If there had been no marked diIerence
in results due to this omission, it would have strengthened the
conclusions of the review by indicating that they were not in fact
impacted by the potential bias of the trials.

If any heterogeneity could not be explained by the pre-specified
subgroup analyses, the authors would have performed a sensitivity
analysis using a random-eIects model.

Summary of findings table

The authors presented a 'Summary of findings' table for each
comparison to present the main findings of a review in a
transparent and simple tabular format (Summary of findings for the
main comparison; Summary of findings 2; Summary of findings 3;
Summary of findings 4). In particular, to provide key information
concerning the quality of evidence, the magnitude of eIect of
the interventions examined, and the sum of available data on the
primary and secondary outcomes listed below.

1. QoL score

2. Androgen normalisation

3. Prevention of adrenal crisis

4. Presence of osteopenia

5. Presence of testicular adrenal rest tumours (in boys)

6. Subfertility

7. Final adult height in SDS

The authors used GRADE to evaluate the quality of the evidence
(Schünemann 2011a; Schünemann 2011b).The GRADE approach
uses five considerations (trial limitations, consistency of eIect,
imprecision, indirectness and publication bias) to assess the
quality of the body of evidence for specific outcomes. The
evidence can be downgraded from 'high quality' by one level
for serious (or by two levels for very serious) limitations,
depending on assessments for risk of bias, indirectness of evidence,
inconsistency, imprecision of eIect estimates or publication bias.

R E S U L T S

Description of studies

Results of the search

The searches identified 1729 records; aMer initial screening 31
publications and 12 trial registry entries were selected for further
examination. AMer screening the full texts of the selected papers
and the registry entries, only five trials (six references), all of which
were published as full papers, met the inclusion criteria; 23 studies
(26 references) were excluded, two studies (one reference each)
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listed as 'Awaiting classification' and six trials (nine registry entries)
were listed as ongoing (Figure 1).
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Figure 1.   Study flow diagram.
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Included studies

Five trials (n = 101) were included in the review (Caldato 2004;
German 2008; Nebesio 2016; Silva 1997; Winterer 1985). There was
a large variation between the trials identified in terms of design,
intervention, duration of treatment and outcome measures. See
Characteristics of included studies table for full details.

Trial design

Four trials were of cross-over design (German 2008; Nebesio 2016;
Silva 1997; Winterer 1985) and one was of parallel design (Caldato
2004). Duration of treatment ranged from two weeks (German 2008)
to six months per treatment arm (Caldato 2004; Silva 1997) with
an overall follow-up between six and 12 months for all trials. Four
trials were single centre (German 2008; Nebesio 2016; Silva 1997;
Winterer 1985) and one was multicentre (two centres) (Caldato
2004). All trials were undertaken in tertiary endocrine centres.

Participants

All trials included both males and females with a confirmed
diagnosis of CAH (n = 101). Sample size varied from six participants
(Winterer 1985) to 44 participants (Caldato 2004). The age of
participants ranged from 1.2 months (Silva 1997) to 21 years
(Caldato 2004). Three trials were limited to children of both genders

with confirmed diagnosis of CAH (German 2008; Nebesio 2016; Silva
1997).

Interventions

All trials employed an oral glucocorticoid replacement therapy,
but with diIerent daily schedules and dose levels (calculated
by body surface area (BSA) mg/m2) as described below. Three
trials compared diIerent dose schedules of hydrocortisone (HC)
(German 2008; Silva 1997; Winterer 1985), one three-arm trial
compared HC to PD and dexamethasone (DXA) (Nebesio 2016)
and one trial compared HC with fludrocortisone to PD with
fludrocortisone (Caldato 2004).

Of the three trials using HC, one trial compared two diIerent
regimens of three times daily HC of 13.5 mg/m2/day to 15.5 mg/
m2/day where one group was given a morning high dose (50% of
the daily HC in the morning followed by 25% at midday and 25%
at night) and the second group was given an evening high dose
(25% of daily HC in the morning and at midday followed by 50% at
bedtime) (German 2008). A second trial compared HC 15 mg/m2/
day to HC 25 mg/m2/day given as once-daily doses (Silva 1997). The
third trial compared five diIerent regimens of three times daily HC
with a total daily dose of 12.5 mg/m2 as shown in the table (Winterer
1985).

 

Group Morning dose Midday dose Evening dose

1 full daily HC dose placebo placebo

2 2/3 full daily HC dose placebo 1/3 full daily HC dose

3 1/3 full daily HC dose 1/3 full daily HC dose 1/3 full daily HC dose

4 1/3 full daily HC dose placebo 2/3 full daily HC dose

5 placebo placebo full daily HC dose

 
A three-arm trial compared three times daily HC with a total daily
dose of 15 mg/m2/day to twice-daily PD with a total daily dose of
3 mg/m2/day and to once-daily DXA at a dose of 0.3 mg/m2/day
(Nebesio 2016).

The remaining trial compared three times daily HC 10 mg/m2 and
fludrocortisone 0.1 mg/day versus 15 mg/m2 to once-daily PD 2.4
mg/m2 to 3.5 mg/m2 with fludrocortisone 0.1 mg/day (Caldato
2004).

Outcome measures

Five trials reported 17 OHP levels (Caldato 2004; German 2008;
Nebesio 2016; Silva 1997; Winterer 1985). Four trials reported on
adrenal androgens, such as testosterone (Caldato 2004; German
2008; Silva 1997), four trials reported on androstenedione (Caldato
2004; German 2008; Nebesio 2016; Silva 1997) and one trial
reported on dehydroepiandrosterone sulphate (DHEAS) (German
2008). Three trials reported on growth and bone maturation
(Caldato 2004; German 2008; Silva 1997). Two trials also reported
on height velocity (Caldato 2004; Silva 1997).

No trial reported on our outcomes of QoL, prevention of adrenal
crisis, presence of osteopenia or testicular or ovarian adrenal rest
tumours or subfertility. However three trials reported outcomes
not included in our review. One trial reported on sleep patterns
and daytime activities (German 2008); a further trial reported
on plasma ACTH, cortisol,11-deoxycortisol,17-hydroxysteroids and
pregnanetriol (Winterer 1985); and a third trial reported on ACTH
(Nebesio 2016).

Excluded studies

A total of 23 trials were excluded for a variety of reasons as stated
in the tables (Characteristics of excluded studies). Nine trials were
not RCTs or quasi-RCTs (Ajish 2014; Bonfig 2007; Charmandari
2001; Mallappa 2015; Merza 2006; Neumann 2018; Panamonta 2003;
PRENATAL DEX; Verma 2010) and the remaining trials did not have
HC regimens as the intervention.

Studies awaiting classification

The search also identified two trials which are listed as 'Awaiting
classification' pending full publication or further information from
the investigators (Salud 2013; Silva 1994). Both seem to be RCTs and
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have relevant interventions and outcomes. However, one trial has
only been published as a conference abstract; we have attempted
to contact the authors for more information, but to date we have
not received a reply (Salud 2013). We have only been able to access
the abstract of the second RCT and will further evaluate when we
are able to obtain the full article (Silva 1994).

Ongoing studies

Six ongoing trials were identified from trials registries (CareOnTIME;
COCA; NCT01771328; NCT02716818; PULSES; RESTORE).

Trial design

Two trials are of cross-over design (COCA; NCT01771328) and
four are of parallel design (CareOnTIME; NCT02716818; PULSES;
RESTORE). Duration of treatment ranged from six weeks (PULSES)
to 52 weeks per treatment arm (RESTORE). All six trials were single
centre and undertaken in tertiary endocrine centres.

Participants

Five trials included both males and females with a confirmed
diagnosis of CAH (n = 546); one trial included only female
participants (n = 40) (COCA). Sample size varied from 20 participants
(NCT01771328) to 150 participants (CareOnTIME). The age of
participants was 18 years and above in five trials and 16 years and
above in one trial (RESTORE).

Interventions

All trials employed an oral glucocorticoid replacement therapy,
but with diIerent daily schedules and dose levels or mode
of administration. One trial compared standard glucocorticoids
(HC, cortisone, PD, prednisone, DXA) with dual release HC tablet

administered in one dose per day (CareOnTIME). One three-arm
trial assessed the impact of physiological doses of HC, DXA or
PD on biochemical parameters (COCA). A further trial examined a
subcutaneous infusion of HC 10 mg/m2/24 hours as compared to
cortisone acetate tablets (NCT01771328). A fourth trial compared
a HC regimen with PD alone or PD plus HC and with DXA
(NCT02716818). The PULSES trial compared HC with a placebo
infusion to oral placebo and a HC infusion (PULSES). The final trial
compared HC modified release doses of 5 mg, 10 mg and 20 mg with
HC, DXA, PD or prednisone treatment (RESTORE).

Outcome measures

Five trials plan to report 17 OHP (COCA; NCT01771328;
NCT02716818; PULSES; RESTORE). One trial plans to report
androgen results such as testosterone and androstenedione
(COCA). One trial plans to report on outcomes of QoL, fertility
markers and hirsutism (RESTORE). Three trials plan to report on
plasma ACTH ( COCA; NCT01771328; PULSES). Two trials plan to
report bone markers such as P1NP and CTX (COCA; NCT01771328)
and one to report the change in DEXA scan (NCT02716818).

None of the trials plan to report our outcomes of the prevention of
adrenal crisis, testicular or ovarian adrenal rest tumours. However,
four trials plan to report outcomes not included in our review: three
trials plan to report on lipid profile (CareOnTIME; NCT01771328;
PULSES) and one on body weight (RESTORE).

Risk of bias in included studies

We judged all trials as at unclear or high risk of bias in one or more
'Risk of bias' domains. These judgements are presented in a graph
(Figure 2).

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

 
Allocation

Sequence generation

All trials stated that allocation was randomised, but no trials
described the method of randomisation used. We therefore judged
the risk of bias due to the generation of the randomisation

sequence as unclear in all trials (Caldato 2004; German 2008;
Nebesio 2016; Silva 1997; Winterer 1985).

Allocation concealment

Concealment of allocation was not reported in any trial in which
the randomisation procedure was carried out and all trials were
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deemed as having an unclear risk of bias (Caldato 2004; German
2008; Nebesio 2016; Silva 1997; Winterer 1985).

Blinding

Only two trials reported double blinding resulting in low risk of bias
(Winterer 1985; Silva 1997). The remaining three trials did not report
blinding of investigators or participants (Caldato 2004; German
2008; Nebesio 2016). We considered the risk of bias to be high if this
aspect of trial quality was not discussed because the intervention
was clearly diIerent, therefore the blinding could not take place for
the participants or caregivers.

Incomplete outcome data

No trials explicitly stated that an intention-to-treat analysis
was performed or whether any participants deviated from the
randomised group to which they were assigned. One trial reported
that four out of nine participants recruited subsequently withdrew
due to diIiculties maintaining peripheral IV access therefore the
risk of bias was high (Nebesio 2016). The remaining four trials did
not report attrition rates, therefore the risk of bias was also deemed
as high (Caldato 2004; German 2008; Silva 1997; Winterer 1985).

Selective reporting

We were unable to identify any selective reporting in the included
trials, but did not have any access to the original trial protocols
to definitely confirm this. We did contact the lead investigators of
two trials, but have not received a reply to date (Caldato 2004;
Nebesio 2016). We therefore concluded that there is a high risk of
bias due to selective reporting for all trials (Caldato 2004; German
2008; Nebesio 2016; Silva 1997; Winterer 1985).

Other potential sources of bias

We were unable to identify any other potential sources of bias; but
did not have any access to the original trial protocols to definitely
confirm this. There was lack of information in all cross-over trials
with regards to lack of washout periods. We therefore concluded
that there is an unclear risk from other potential sources of bias
for all trials (Caldato 2004; German 2008; Nebesio 2016; Silva 1997;
Winterer 1985).

EBects of interventions

See: Summary of findings for the main comparison HC (13.5 mg/
m2/day to 15.5 mg/m2/day): high morning dose vs high evening
dose for treating CAH; Summary of findings 2 HC (15 mg/m2/day)
versus PD (3 mg/m2/day) versus DXA (0.3 mg/m2/day) for treating
CAH; Summary of findings 3 HC (10 mg/m2/day to 15 mg/m2/
day) versus PD (2.4 mg/m2/day to 3.5 mg/m2/day) for treating CAH;
Summary of findings 4 HC (15 mg/m2/day) vs HC (25 mg/m2/day)
with fludrocortisone (0.1 mg/day) for treating CAH

Due to the heterogeneity of the included trials and the limited
amount of evidence on patient-important outcomes, we were
unable to perform any meta-analyses. We were unable to group
data into the time points we had originally planned and so report
results from the end of each trial. The duration of each trial is
detailed in the table Characteristics of included studies.

The evidence grades stated for the outcomes reported in the
summary of findings tables are based on GRADE (Data collection
and analysis) and further details are provided in the tables

(Summary of findings for the main comparison; Summary of
findings 2; Summary of findings 3; Summary of findings 4).

Primary outcomes

1. QoL score

This outcome was not reported in any of the trials.

2. Androgen normalisation

All five reported on this outcome using diIerent measurements.
Five trials reported 17 OHP levels (Caldato 2004; German 2008;
Nebesio 2016; Silva 1997; Winterer 1985), four trials reported
androstenedione (Caldato 2004; German 2008; Nebesio 2016; Silva
1997), three trials reported testosterone (Caldato 2004; German
2008; Silva 1997), and one trial reported DHEAS (German 2008).

HC (13.5 mg/m2/day vs 15.5 mg/m2/day: high morning HC dose versus
high evening HC dose

Androgen normalisation (determined by biochemical parameters
such as 17 OHP, androstenedione, testosterone and DHEAS) was not
significantly diIerent between groups aMer four weeks of treatment
in one cross-over trial (n = 15) (German 2008) (very low-quality
evidence). These results were presented as median (interquartile
(IQR) range) and so could not be analysed within RevMan.

Results for 17 OHP showed a median (IQR) 44.00 nmol/L (16.00 to
116.00) for the high morning HC dose group (n = 5) compared to
33.00 nmol/L (15.00 to 76.00) for the high evening HC dose group (n
= 6). Androstenedione was reported as 1.80 nmol/L (1.0 to 3.0) in the
high morning HC dose group compared to 1.90 nmol/L (1.20 to 6.50)
in the high evening HC dose group. The median (IQR) testosterone
was 0.70 nmol/L (0.30 to 2.30) in the high morning HC dose group
compared to 1.1 nmol/L (0.60 to 2.70) high evening HC dose group.
Finally, in the high morning HC dose group the median (IQR) DHEAS
was 0.20 nmol/L (0.20 to 0.60) compared to 0.40 nmol/L (0.20 to
0.70) in the high evening HC dose group (German 2008).

HC (15 mg/m2/day) versus PD (3 mg/m2/day) versus DXA (0.3 mg/m2/
day)

One trial (n = 27) compared HC 15 mg/m2/day in three doses (n =
9) to PD 3 mg/m2/day in two doses (n = 9) and to DXA 0.3 mg/m2/
day in a daily single dose (n = 9) (Nebesio 2016) (very low-quality
evidence). AMer six weeks, DXA resulted in significantly lower levels
of 17 OHP compared to HC (P < 0.001) and compared to PD (P <
0.001). Similarly, androstenedione levels were significantly lower
with DXA when compared to HC (P = 0.016) and PD (P = 0.002). It
was reported that HC and PD had similar adrenal hormone levels.
Compared with PD, 17 OHP and androstenedione were suppressed
more with HC and DXA treatment (Nebesio 2016)

HC (12.5 mg/m2/day) with placebo at five diBerent schedules

Winterer (n = 8) compared five diIerent HC and placebo dosing
regimens with a total dose of 12.5 mg/m2/day in a cross-
over design; duration varied from four to six weeks for each
dosing schedule. Treatment or placebo were given in diIerent
combinations at three time-points across the day (morning, noon,
evening). Investigators reported no significant diIerence in 17 OHP
between the diIerent dosing schedules (Winterer 1985).

As the results were presented graphically, we were not able to
extract the data. The review authors have attempted to contact the
trial authors to see if raw data are available.
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HC (10 mg/m2/day to 15 mg/m2/day) versus PD (2.4 mg/m2/day to 3.5
mg/m2/day)

Caldato compared three times-daily HC to once-daily PD for one
year (n = 44) (Caldato 2004). In the analysis, we have presented the
data split as was reported in the paper (prepubertal participants
and pubertal participants) and report total data here. Final values of
17 OHP were not significantly diIerent between groups at one year,
MD 1189.10 nmol/L (95% CI -51.08 to 2429.28) (Analysis 1.1) (very
low-quality evidence). However, there were significantly higher
levels of androstenedione in the HC group, MD 57.75 nmol/L (95%
CI 11.19 to 104.31) (Analysis 1.2) (very low-quality evidence). Levels
of testosterone showed no diIerence between HC or PD groups, MD
38.55 nmol/L (95% CI -6.48 to 83.58) (Analysis 1.3) (very low-quality
evidence).

HC (15 mg/m2/day) versus HC (25 mg/m2/day) with fludrocortisone 0.1
mg/day

Silva compared once daily HC (15 mg/m2/day ) with once daily (25
mg/m2/day) HC plus fludrocortisone for six months using a cross-
over design (n = 26) (Silva 1997). Investigators reported the median
(IQR) values separately for prepubertal and pubertal participants so
we were not able to analyse the data in RevMan.

Median (IQR) levels of 17 OHP were more suppressed in the
prepubertal group, with HC 25 mg/m2/day, 11.5 nmol/L (0.6 to
819.9) compared to HC 15 mg/m2/day 113.7 nmol/L (0.5 to 1207)
(P < 0.05); however this was not true for the pubertal group, where
levels in the HC 15 mg/m2/day group were lower than in the HC
25 mg/m2/day group, 91.7 nmol/L (6.8 to 453.0) versus 314.2 nmol/
L (66.5 to 568.7). Likewise, androstenedione median (IQR) levels
in prepubertal participants were more suppressed on HC 25 mg/
m2/day, 1.6 nmol/L (0.1 to 31.8), compared to the HC 15 mg/m2/
day group, 3.4 (0.5 to 40.2) (P < 0.05), Again, this was reversed
for the pubertal participants where levels were lower in the HC 15
mg/m2/day group, 11 nmol/L (6.1 to 41.9), compared to the HC 25
mg/m2/day group, 22.3 nmol/L (10.5 to 47.5). No diIerences were
noted in testosterone levels aMer six months in either prepubertal
participants, HC 15 mg/m2/day group 2.5 nmol/L (0.8 to 9.1) versus
HC 25 mg/m2/day group 2.3 nmol/L (1.2 to 11.3), or in pubertal
participants HC 15 mg/m2/day group 4.7 nmol/L (3.9 to 6.9) versus
HC 25 mg/m2/day group 6.2 nmol/L (3.5 to 9.2) (Silva 1997) (very
low-quality evidence for all androgen normalisation results).

3. Prevention of adrenal crisis

This outcome was not reported in any of the trials.

Secondary outcomes

1. Presence of osteopenia

This outcome was not reported in any of the trials.

2. Presence of testicular or ovarian adrenal rest tumours

This outcome was not reported in any of the trials.

3. Subfertility

This outcome was not reported in any of the trials.

4. Final adult height

Final adult height was not reported in any of the trials. However,
the results of change in the ratio of bone age (BA) to chronological

age (CA) and height velocity can be taken as surrogate markers
for eIects on final adult height since under-treatment and the
resulting excess production of androgens causes accelerated
growth, advanced skeletal maturation and early epiphyseal fusion
leading to reduced final adult height (Riepe 2007). Two trials
reported data we can present for this outcome (Caldato 2004; Silva
1997).

HC (10 mg/m2/day to 15 mg/m2/day) versus PD (2.4 mg/m2/day to 3.5
mg/m2/day)

One trial (n = 44) found that once daily PD treatment aMer one
year of treatment could lead to better control of bone maturation
compared to HC especially in prepubertal children (Caldato 2004).
Height SDS BA was significantly better for the PD group compared
to the HC group, MD -0.81 (95% CI -1.47 to -0.15) (Analysis 1.4).
No significant diIerence was found in height SDS CA between
both groups, MD -0.14 (95% CI -0.99 to 0.71) (Analysis 1.5). Caldato
also found that the ratio of BA/CA was higher in the HC group
compared to the PD group at one year but the diIerence between
groups was not significant, MD 0.15 (95% CI -0.03 to 0.33) (Analysis
1.6). AMer one year, Caldato (n = 34) reported that the absolute
change in the ratio of BA/CA was higher in the HC group (-0.64 to
0.01) compared to the PD group (0.37 to 0.11) (P < 0.02) (Caldato
2004). Growth velocity SDS was similar in both groups with small
changes from baseline aMer one year in both groups, -0.4 in the
PD group and 0.43 in the HC group and no statistical diIerence
demonstrated, MD 0.26 (95% CI -0.82 to 1.34) (Analysis 1.7) (very
low-quality evidence). Final height (cm) also did not show any
statistical diIerence between groups aMer one year, MD -0.17 cm
(95% CI -0.87 to 0.52) (Analysis 1.8).

HC (15 mg/m2/day) versus HC (25 mg/m2/day) with fludrocortisone 0.1
mg/day

Silva compared once daily HC (15 mg/m2/day) with plus
fludrocortisone to once daily (25 mg/m2/day) HC plus
fludrocortisone for six months in a cross-over trial (n = 26) (Silva
1997).

Height velocity was significantly reduced (P = 0.03) in the higher
dosing HC plus fludrocortisone regimen compared with the lower
daily HC plus fludrocortisone regimen. Both the paper and our
analysis reported a significantly greater increase in height for the 22
pre-pubertal children while using 15 mg/m2/day as compared with
25 mg/m2/day, MD 0.34 (95% CI 0.27 to 0.41) (P < 0.00001) (Analysis
2.1) (very low-quality evidence).

We were not able to analyse the remaining data presented in the
paper in RevMan and report them directly from the paper here. At
the end of the trial, no significant diIerences were noted between
groups in mean (SE) incremental growth hormone levels between
the HC 15 mg/m2/day group 9.6 µg/L (2.0) and the HC 25 mg/m2/day
group 6.9 µg/L (3.0). Investigators reported mean (SE) IGF-1 levels
split by age group and found no diIerence between doses for any
age group; under six years of age, HC 15 mg/m2/day group (n = 16)
93.1 µg/L (14.9) compared to HC 25 mg/m2/day group (n = 15) 118.2
µg/L (20.6); for six to 12 years, HC 15 mg/m2/day group (n = 8) 320.0
µg/L (39.9) compared to HC 25 mg/m2/day group (n = 8) 310.0 µg/L
(36.8); and for over 12 years, HC 15 mg/m2/day group (n = 2) 265.0
µg/L (25.0) compared to HC 25 mg/m2/day group (n = 2) 270.0 µg/
L (30.0) (Silva 1997).
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D I S C U S S I O N

The main goal in CAH therapy is to achieve physiological
replacement of cortisol deficiency while suppressing adrenal
androgen overproduction. The eIectiveness of long-term
treatment is of major clinical relevance due to the high risk of eIects
from over treatment or under treatment. Outcomes such as final
adult height have been disappointing and additional problems
such as infertility and poor QoL are common (LWPES/ESPE 2002;
Marumudi 2013).

Several diIerent glucocorticoid replacement regimens and dosing
schedules have been used, but it remains a challenge to reproduce
the physiological circadian rhythm and pulsatile secretion of
cortisol. In children, HC has been the preferred glucocorticoid
replacement therapy due to potential concerns of growth
suppression associated with longer acting glucocorticoids.

Summary of main results

There are five randomised controlled trials (n = 101) in both children
and adults included in the review; four of these had a cross-over
design (German 2008; Nebesio 2016; Silva 1997; Winterer 1985) and
one was of parallel design (Caldato 2004).

None of the included trials reported on the review's primary
outcomes of QoL or prevention of adrenal crisis. All trials reported
on androgen normalisation using a range of measurements:
five trials reported 17 OHP levels (Caldato 2004; German 2008;
Nebesio 2016; Silva 1997; Winterer 1985), three trials reported
androstenedione (Caldato 2004; German 2008; Nebesio 2016;) two
trials reported testosterone (Caldato 2004; German 2008), and one
trial reported DHEAS (German 2008).

There were no significant diIerences in 17 OHP, testosterone,
androstenedione or DHEA between a high morning dose of HC
or a high evening dose aMer four weeks (German 2008). One
trial found that HC and DXA treatment suppressed 17 OHP and
androstenedione more than PD treatment aMer six weeks (Nebesio
2016). A further trial reported no significant diIerence in 17 OHP
between the five diIerent dosing schedules of HC at between four
and six weeks (Winterer 1985). The trial comparing HC and PD
found no diIerences in the values of 17 OHP, androstenedione
and testosterone at one year (Caldato 2004). The trial of HC versus
HC plus fludrocortisone found that at six months 17 OHP and
androstenedione levels were more suppressed on HC alone but
there were no diIerences noted in testosterone levels (Silva 1997).

With regards to the secondary outcomes, none of the included trials
reported on the presence of osteopenia, of testicular or ovarian
adrenal rest tumours or subfertility. While no trial reported final
adult height two trials did report surrogate markers of height and
growth (Caldato 2004; Silva 1997).

Caldato found that aMer one year of once-daily PD treatment
could lead to better control of bone maturation compared to HC
especially in prepubertal children (Caldato 2004). Height SDS BA
was significantly better for the PD group MD -0.81 (95% CI -1.47 to
-0.15) (Analysis 1.4), but there was no significant diIerence between
groups in height SDS CA, the ratio of BA/CA, growth velocity SDS or
height (cm) at the end of the one-year trial.

The six-month Silva trial compared once daily HC 15 mg/m2/day
with once daily HC 25 mg/m2/day with fludrocortisone 0.1 mg/day

and found that height velocity was significantly reduced with the
higher dose of HC with fludrocortisone (Silva 1997). Height z score
was significantly higher with once-daily HC 15 mg/m2/day than
with once-daily HC 25 mg/m2/day with fludrocortisone, MD 0.34
(95% CI 0.27 to 0.41) (Analysis 2.1). There were no diIerences noted
in growth hormone or IGF1 levels.

Overall completeness and applicability of evidence

All the trials in this review were single-centre with a variable
duration of treatment ranging from four weeks to one year. It was
unfortunate that there are no long-term trials reporting outcomes
beyond a trial duration of one year (six months for each treatment
arm).

The five included trials reported on few of the review outcomes
and used a variety of units of measurement, meaning we were
unable to combine data in a meta-analysis. Although 17 OHP and
androstenedione are frequently used to monitor treatment, there is
a great amount of variability in the measurements which hampers
the usefulness of these tests. No trials included QoL outcomes
and most trials did not report adverse events or serious adverse
events. While there were diIerences reported in some growth
outcomes, there were no diIerences noted in growth hormone or
IGF1 levels indicating that laboratory markers are unreliable and
clinical follow-up is the most eIicient way to evaluate adequacy of
HC replacement. Since no trial presented data for final adult height,
we reported a number of surrogate markers for this outcome.

Quality of the evidence

All the trials we included were small and had methodological
weaknesses. There is relatively little replication of trials,
with a single, small trial for each comparison. This weak
evidence base makes it impossible to draw firm conclusions
with confidence. Limitations included methodological quality,
variations in intervention implementation, and outcomes.

This review addressed a diverse range treatment regimens with
many trials at high or unclear risk of bias. Generally, the lack of
methodological detail provided in the trial reports did not allow
us to assess risk of bias across the trials, and led to many high
or unclear 'Risk of bias' ratings across the various domains. In
particular, details of the methods of random sequence generation,
concealment of treatment allocation, and blinding of the outcome
assessors were oMen not reported, and therefore, we could not
accurately determine the risk of bias. While we judged only one
trial to be at a low risk of selection bias, the remaining four had
a high risk of selection bias. It was not clear ant trial whether
there were attempts to blind outcome assessors; therefore, we
judged an unclear risk of detection bias. Due to lack of access to
trial registrations and protocols, or limited reporting of important
review outcomes, or both, we judged none of the trials to be at a low
risk of reporting bias. Overall the risk of bias was moderate to high.

The number of trials assessing diIerent glucocorticoid regimens
varied as well as the trial durations and It was diIicult to draw
overall conclusions from any single trial. Three trials were of a
cross-over design and we did not have the appropriate information
to conduct comprehensive meta-analyses, but trial authors have
been contacted for further information in order that a more
complete analysis can be carried out.
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The evidence as assessed using GRADE, is very low quality for all
outcomes assessed across all trials. This means that new, better
quality research is highly likely to change the overall conclusions of
this review.

Potential biases in the review process

We attempted to avoid bias by ensuring that we had identified
all relevant trials through comprehensive systematic searching
of the literature and contact with trial investigators to identify
other trials both published and unpublished. We also attempted to
contact all authors where the original publication did not provide
suIicient data, and planned to incorporate that data into the
review; unfortunately, we have not received any information to
date. It was not possible to evaluate the overall possibility of
publication bias as not all trials reported the same outcomes and
overall the trials were too heterogeneous to combine. The GRADE
approach assessments were made by two people, independently,
and discrepancies resolved by discussion. Data extraction was
completed independently by two authors without financial interest
in the outcome.

Agreements and disagreements with other studies or
reviews

Since this is the first review published on this topic, comparisons to
previous published systematic reviews are not possible. Although
there is no NICE guidance available for treating and managing
CAH, there are international guidelines outlining principles of
diagnosis and management of CAH, but they do not specify
recommendations for treatment regimens (Speiser 2018). These
guidelines recommend treatment with HC, but do not give details
on specific timings or dose regimens. A maintenance dose of
HC is recommended for children and adolescents with CAH who
are still growing; while in adults with CAH, daily HC or long-
acting glucocorticoids plus mineralocorticoids, or a combination, is
recommended as clinically indicated (Speiser 2018).

We were not able to include any long-term RCTs which measured
growth, but maintaining normal growth in CAH is a challenge
and long-term follow-up trials have shown that individuals fail to
achieve their predicted final adult heights (Mathews 2004; Merke
2000).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

The goal of glucocorticoid therapy in congenital adrenal
hyperplasia (CAH) is to replace deficient cortisol and prevent the
consequences of androgen excess whilst avoiding glucocorticoid
over-treatment. There are limited trials to date which compare

the eIicacy and safety of diIerent glucocorticoid replacement
regimens for treating of 21-hydroxylase deficiency CAH in children
and adults and no evidence to date of which regimen provides
optimal outcomes. There were no trials on the modified-release
formulation of hydrocortisone or on the use of 24-hour circadian
continuous subcutaneous infusion of hydrocortisone. No common
intervention characteristics for success were apparent among the
trials included in this review.

The choice of a glucocorticoid regimen needs to be informed by
an understanding of the adverse consequences and benefits of
diIerent regimens in individuals at diIerent ages and stages of
disease. We were unable to draw any firm conclusions based on
the evidence that was reported in any of the included trials. It was
unfortunate that no trials included long-term outcomes such as
quality of life, prevention of adrenal crisis, presence of osteopenia,
presence of testicular or ovarian adrenal rest tumours, subfertility
and final adult height. As a consequence, uncertainty remains
about the most eIective form of glucocorticoid replacement
therapy for treating CAH for adults and children.

Implications for research

This systematic review has identified the need for well-designed,
adequately-powered, multi-centred randomised controlled trials
(RCTs) to assess the eIicacy and safety of diIerent glucocorticoid
replacement regimens for treating 21-hydroxylase deficiency CAH
in children and adults. RCTs should be carried out over a longer
duration (more than 10 years) to monitor biochemical and clinical
outcomes and to provide further information on the long-term
eIects on quality of life, final adult height, androgen normalisation,
prevention of adrenal crisis, osteopenia, subfertility and presence
of testicular or ovarian adrenal rest tumours. It is recognised that
such long-term RCTs are likely to be diIicult to achieve due to either
recruiting suIicient participants to allow for adequate power or
due to maintaining follow-up of participants until adult height is
achieved.

It should be noted that while one trial reported diIerences in
some growth outcomes, it did not report any diIerences in growth
hormone or IGF1 levels, which indicates that laboratory markers
are unreliable and that clinical follow-up is the most eIicient way
to evaluate the adequacy of hydrocortisone replacement.
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Characteristics of included studies [ordered by study ID]

 

Methods RCT.

Parallel design.

Locaton: 2 tertiary centres in Brazil.

Duration: 1 year.

Participants 44 participants randomly assigned to groups: Group 1 n = 23; Group 2 n = 21.

Age, mean (range): Group 1, 9.4 (1.6 - 20) years; Group 2, 8.3 (1.2 - 21) years

Gender split: Group 1, 16 females, 7 males; Group 2, 18 females, 3 males.

Caldato 2004 

Glucocorticoid replacement regimens for treating congenital adrenal hyperplasia (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

28



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Tanner stage: Group 1, 10 pre-pubertal (B1 and G1, according to Tanner’s classification), 8 pubertal
(B2-B4 and G2-G4), and 5 post-pubertal (adults, B5 and G5); Group 2, 11 prepubertal, 5 pubertal and 5
post-pubertal.

Interventions Group 1: PD 2.4 - 3.5 mg/m2 BSA 1x daily.

Group 2: HC 10 - 15 mg/m2 BSA 3x times daily.

All participants received FC 0.1 mg/day.

Outcomes Bone maturation ratio, height, weight, growth velocity, pubertal stage, plasma 17 OHP, androstene-
dione, serum testosterone and androstenedione values.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No mention of sequence generation.

Allocation concealment
(selection bias)

Unclear risk No mention of allocation concealment.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk No mention of blinding of participants and personnel.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk No mention of blinding of outcome assessors.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Attrition rate was not reported.

Selective reporting (re-
porting bias)

High risk Did not have any access to the original trial protocols to definitely confirm this
and we attempted to contact the investigators but did not receive a response.
Not all outcome measures listed in the 'methods' section of the paper were
fully reported in the results.

Other bias Unclear risk No other bias found.

Caldato 2004  (Continued)

 
 

Methods Open-label RCT.

Cross-over design.

Location: single tertiary centre in Israel.

Duration: 4 weeks - 2 weeks for each treatment schedule; washout period was not stated in the paper.

Participants 15 participants recruited.

Age, mean (range): 10 (7.5 - 14.5) years

German 2008 
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Gender split: 9 males, 6 females.

Diagnosis: classical CAH due to 21-hydroxylase deficiency (n = 14), 11-hydroxylase deficiency (n = 1).

Interventions Participants were randomised into 2 groups for their initial treatment schedule of 3 daily doses stan-
dardized to 0700 – 0800 h, 1300 – 1400 h and 2100 – 2200 h according to participants' age. Total HC
dose ranged from 13.5 mg/m2/day to 15.5 mg/m2/day.

Intervention 1: a high-morning dose, when 50% of the daily HC was taken in the morning and 25% of
the daily dose at other time-points.

Intervention 2: a high-evening dose, when 50% was taken at bedtime and 25% of the daily dose at oth-
er time-points.

Outcomes 0800 h 17 OHP, testosterone, androstenedione, and DHEAS on the last day of each treatment; arousal
number, total sleep time, sleep efficiency, and sleep latency.

Notes Outcomes measured but not presented in the review: arousal number, total sleep time, sleep efficiency
and sleep latency.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Participants were randomised to treatment, but paper does not state how se-
quence was generated.

Allocation concealment
(selection bias)

Unclear risk No mention of allocation of concealment.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk No mention of blinding of participants and personnel.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk No mention of blinding of outcome assessments.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Attrition rate was not reported.

Selective reporting (re-
porting bias)

High risk We did not have any access to the original trial protocols to definitely confirm
this and we attempted to contact the investigators but have not received a re-
sponse.

Not all outcome measures listed in the 'methods' section of the paper were
fully reported in the results.

Other bias Unclear risk We did not have any access to the original trial protocols to definitely confirm
this but there was no washout period described in the paper for this cross-over
trial.

German 2008  (Continued)

 
 

Methods RCT.

Nebesio 2016 
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Cross-over design.

Location: single tertiary centre in USA.

Duration: 18 weeks, (6 weeks per treatment arm but no washout period).

Participants Randomised 9 participants.

Age, range: 4.8 to 11.6 years.

Gender split: 4 males, 5 females.

Diagnosis: CAH.

Interventions Group 1: HC 15 mg/m2/day in 3 doses.

Group 2: PD 3 mg/m2/day in 2 doses.

Group 3: DXA 0.3 mg/m2/day in a single dose.

All treatment schedules lasted 6 weeks and then switched to another one

Outcomes Mean ACTH, androstenedione, 17 OHP concentration, IGF-1, GH, BMI, SNP.

Notes Outcomes reported but not presented in the review: ACTH and SNP.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk 3 sequential 6-week courses of treatment randomly assigned, but paper does
not state how random sequence was generated.

Allocation concealment
(selection bias)

Unclear risk No mention of allocation of concealment.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk No mention of blinding of participants and personnel.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk No mention of blinding of outcome assessments.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 4 participants withdrew due to difficulties with peripheral IV access but it did
not state which groups these participants were in when they dropped out.

Selective reporting (re-
porting bias)

High risk We did not have any access to the original trial protocols to definitely confirm
whether this occurred and we attempted to contact the investigators but have
not received a response.Not all outcome measures listed in the 'methods' sec-
tion of the paper were fully reported in the results.

Other bias Unclear risk We did not have any access to the original trial protocols to definitely confirm
this but there was no washout period described in the paper for this cross-over
trial.

Nebesio 2016  (Continued)
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Methods RCT.

Cross-over design.

Location: single tertiary centre in Brazil.

Duration: 6 months per treatment arm, but washout period was not stated in paper.

Participants 26 participants randomised.

Age, median (range): 45.3 months (3.6 months to 15 years).

Gender split: 8 males, 18 females.

Diagnosis: CAH due to 21OH deficiency.

Interventions Group 1: HC 15 mg/m2 1x daily and FC 0.1 mg/day for 6 months.

Group 2: HC 25 mg/m2 1x daily and FC 0.1 mg/day for 6 months.

Outcomes 17 OHP, androstenedione, testosterone, GH, IGF-1, growth pattern (height and weight).

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Treatment randomly assigned, but paper does not state how sequence was
generated.

Allocation concealment
(selection bias)

Unclear risk No mention of allocation of concealment.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Each child was examined by the same physician who was blinded to the HC
dosing schedule.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Each child was examined by the same physician who was blinded to the HC
dosing schedule.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Attrition rate was not reported.

Selective reporting (re-
porting bias)

High risk We did not have any access to the original trial protocols to definitely confirm
whether this occurred and we attempted to contact the investigators but have
not received a response.

Other bias Unclear risk We did not have any access to the original trial protocols to definitely confirm
this but there was no washout period described in the paper for this cross-over
trial.

Silva 1997 
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Methods RCT.

Cross-over design.

Location: single tertiary centre in Brazil.

Duration: 4 to 6 weeks of each dose schedule.

Participants 8 participants randomised.

Age, range: 21OH deficiency, 9 to 20 years; 11OH deficiency 6 to 12 years.

Gender split: 7 males, 1 female.

Diagnosis: 6 participants with 21-hydroxylase deficiency, 2 participants with 11-hydroxylase deficien-
cy.

Interventions HC (+2 participants were on FC). HC split across different timings (morning, noon, evening) and com-
bined where necessary with placebo (it was not stated was the placebo was). Total dose per day was
12.5 mg/m2.

Group 1: morning dose: full daily dose of HC; noon dose: placebo; evening dose: placebo.

Group 2: morning dose: 2/3 daily dose HC; noon dose: placebo; evening dose: 1/3 daily dose HC.

Group 3: morning dose: 1/3 daily dose HC: noon dose: 1/3 daily dose HC; evening dose: 1/3 daily dose
HC

Group 4: morning dose: 1/3 daily dose HC; noon dose: placebo; evening dose: 2/3 daily dose HC.

Group 5: morning dose: placebo; noon dose: placebo; evening dose: full daily dose of HC.

Outcomes Plasma 17 OHP, cortisol or cortisol and 11-deoxycortisol-increase urine 17-ketosteroids, 17-hydroxys-
teroids, pregnanetriol.

Notes Outcomes measured but not presented in the review: cortisol or cortisol and 11-deoxycortisol increase,
urine 17-ketosteroids, 17-hydroxysteroids and pregnanetriol.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Treatment randomly assigned, but paper does not state how sequence was
generated.

Allocation concealment
(selection bias)

Unclear risk No mention of allocation of concealment.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Reported the trial was double blinded, but it was not clear who was blinded.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Reported the trial was double blinded, but it was not clear who was blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Attrition rate was not reported

Winterer 1985 
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Selective reporting (re-
porting bias)

High risk We did not have any access to the original trial protocols to definitely confirm
whether this occurred and we attempted to contact the investigators but have
not received a response.

Other bias Unclear risk We did not have any access to the original trial protocols to definitely confirm
this but there was no washout period described in the paper for this cross-over
trial.

Winterer 1985  (Continued)

17 OHP: 17-hydroxyprogesterone
ACTH: adrenocorticotrophic hormone
BSA: body surface area
CAH: congenital adrenal hyperplasia
FC: fludrocortisone
GH: growth hormone
HC: hydroxycortisone
IV: intravenous
OH: hydroxylase
PD: prednisolone
RCT: randomised controlled trial
SNP: single nucleotide polymorphism
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Ajish 2014 Not an RCT or quasi RCT.

Bonfig 2007 Not an RCT or quasi RCT.

Charmandari 2001 Not an RCT or quasi RCT.

ChiCTR-TRC-09000350 Not relevant intervention. The effect of antisterone with angiotensin II and calcium ion antagonist
in the treatment of hypertension with CAH.

Deuss 1985 Not relevant intervention. The effect of a high and low dose of naloxone on ACTH was compared
with placebo in people with Addison's disease, CAH, Cushing's disease and or Nelson's syndrome.

Johannsson 2009 RCT, study of HC release in healthy volunteers, not people with CAH.

Kelch 1975 Not relevant intervention. The aim was to investigate effects of glucocorticoid therapy, secretory
patterns of HGH, FSH, LH and 17 OHP in people with CAH who were treated with or not treated with
maintenance dose of HC.

Koenen 2009 Not relevant intervention. The study assessed the effects of treatment with pioglitazone on insulin
sensitivity and subcutaneous adipose tissue morphology and function in people with CAH who
were insulin-resistant.

Laue 1996 Not relevant intervention. The pilot study to compare the effect of flutamide, testolactone, re-
duced-dose HC and fludrocortisone versus hydrocortisone and fludrocortisone on normalizing lin-
ear growth, weight gain and bone maturation.

Mallappa 2015 Not an RCT or quasi RCT.

Mathews 2004 Not relevant intervention. A psychological study utilizing Edinburgh-Crovitz Inventory and the per-
formance of five tasks to measure hand preferences and, a dichotic listening task composed of con-
sonant-vowel nonsense syllables was a measure of language lateralization.
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Study Reason for exclusion

Merke 2000 Not relevant intervention. Participants were treated with flutamide, testolactone, reduced does of
HC and fludrocortisone. This regimen was compared to HC and fludrocortisone regimen.

Merza 2006 Not an RCT.

NCT00001521 Not relevant intervention. The study aims to determine if a combination of four drugs (flutamide,
testolactone, reduced HC dose, and fludrocortisone) can normalize growth in children with CAH.

Neumann 2018 Not an RCT

Panamonta 2003 Not an RCT.

PRENATAL DEX Not RCT. It is an evaluation of in utero dexamethasone on the cognitive development of children at
risk of CAH.

Sarafoglou 2015 Not relevant intervention. The study examined the absorption of an extemporaneously prepared
HC suspension and compared it to tablets.

Spritzer 1990 Not relevant intervention. Participants divided in 2 groups were treated with HC in order to sup-
press androgen secretion and cyproterone acetate antiandrogen therapy to inhibit peripheral an-
drogen activity.

Turcu 2016 Not relevant intervention. The study evaluates the safety and tolerability of the selective CRF1 re-
ceptor antagonist NBI-77860 in women with classic 21-hydroxylase deficiency and tested the hy-
pothesis that CRF1 receptor blockade decreases early morning ACTH and 17 OHP in these people.

Verma 2010 Not an RCT or quasi RCT.

Weise 2004 Not relevant intervention. Participants were assigned to receive either an additional morning dose
of HC or placebo, in addition to their usual glucocorticoid and mineralocorticoid replacement 1
hour before exercising.

Zhang 2011 Not relevant intervention. Participants were randomised to different groups and received combina-
tions of different antihypertensive medications at different doses.

17 OHP: 17-hydroxyprogesterone
ACTH: adrenocorticotrpic hormone
CAH: congenital adrenal hyperplasia
CRF1: corticotropin-releasing hormone receptor 1
HC: hydrocortisone
RCT: randomised controlled trial
 

Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods RCT, single-blinded.

Location: Phillipines.

Duration: unclear.

Participants 9 participants.

Age: 16 (+11) months.

Gender split: 3 males, 6 females.

Salud 2013 
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Diagnosis: CAH due to 21-hydroxylase deficiency.

Interventions Arm 1: higher evening HC dose (n = 5).

Arm 2: higher morning HC dose (n = 1).

Arm 3: equal HC dose morning and evening (n = 3).

Outcomes 17 OHP.

Notes The full paper summarizing the results is not available.

Salud 2013  (Continued)

 
 

Methods RCT.

Location: Brazil.

Duration: not defined.

Participants 13 participants.

Age: children < 16 years.

Gender split: not stated.

Diagnosis: CAH due to 21OH deficiency.

Interventions HC 20 mg/m2 per day in divided doses.

Arm 1: higher morning dose (n = 7).

Arm 2: higher evening dose (n = 6).

Outcomes 17 OHP, testosterone and androstenedione at the following time points: -24 h, baseline, 2 h, 4 h,
and 6 h.

Notes The full article summarizing the results is not available.

Silva 1994 

17 OHP: 17-hydroxyprogesterone
CAH: congenital adrenal hyperplasia
HC: hydrocortisone
RCT: randomised controlled trial
 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title Congenital Adrenal Hyperplasia Once Daily Hydrocortisone Treatment (CareOnTIME).

Methods Interventional Phase IV, open-label RCT.

Parallel design.

Location: Naples, Italy.

Duration: 6 months per treatment arm, but washout period was not stated in paper.

CareOnTIME 
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Participants 150 participants.

Age: > 18 years.

Gender: both genders eligible.

Diagnosis: CAH due to 21-hydroxylase deficiency.

Interventions Arm 1: conventional glucocorticoid therapy is continued as before entering the study (immediate
release HC, cortisone acetate, PD, prednisone, DXA).

Arm 2: dual release HC oral tablets administered once-daily in the fasting state.

Outcomes Outcomes: change in LDL-cholesterol, BMI, blood pressure, insulinaemia, glycated haemoglobin,
bone mineral density, QoL, sex function in males/females, change in depression status, change in
treatment compliance, changes in androgen levels, changes in sperm concentration, changes in
ovarian follicle reserve.

Starting date 11 August 2016.

Contact information Professor Rosario Pivonello, MD, PhD.

Notes  

CareOnTIME  (Continued)

 
 

Trial name or title COrticosteroid in Congenital Adrenal Hyperplasia (COCA)

Methods Open-label RCT.

Cross-over design.

Location: Caen, France.

Duration: 8 weeks.

Participants 40 participants.

Age: 18 years and above.

Gender: females only eligible.

Diagnosis: classical CAH due to 21OH deficiency.

Interventions Group 1: HC equivalent to physiological doses for each participant.

Group 2: DXA equivalent to physiological doses for each participant.

Group 3: PD equivalent to physiological doses for each participant.

Outcomes Primary outcomes: salivary 17 OHP, plasma ACTH, testosterone, androstenedione.

Secondary outcomes: CTX, P1NP, bone alkaline phosphatase, blood glucose and insulin, lipid pro-
file, QoL.

Starting date August 2012.

Contact information Yves Reznik, MD, PhD.

COCA 
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Notes  

COCA  (Continued)

 
 

Trial name or title Continuous Subcutaneous Hydrocortisone Infusion in Congenital Adrenal Hyperplasia (CAH)

Methods Open-label, Phase 2 RCT.

Cross-over design.

Location: Haukeland University Hospital.

Duration: 4 months (Arm 1) and 6 months (Arm 2).

Participants 20 participants.

Age: 18 - 60 years.

Gender: both females and males eligible.

Diagnosis: classical CAH due to 21-hydroxylase deficiency.

Interventions Arm 1: HC 10 mg/m2/24 hours subcutaneous infusion.

Arm 2: cortisone acetate tablets.

Outcomes Primary: 17 OHP, ACTH, cortisol, bone markers, testosterone, androstenedione.

Secondary: body weight, blood pressure.

Starting date February 2013.

Contact information Kristian Løvås, MD, PhD.

Notes  

NCT01771328 

 
 

Trial name or title Comparison of Chronocort® With Standard Glucocorticoid Therapy in Patients With Congenital
Adrenal Hyperplasia

Methods Phase 3, open-label RCT.

Location: USA.

Duration: 6 months.

Participants 122 participants.

Age: > 18 years.

Gender: females and males both eligible.

Diagnosis: classical CAH due to 21-hydroxylase deficiency.

Interventions Arm 1: HC.

NCT02716818 
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Arm 2: PD alone or PD and HC.

Arm 3: DXA only or in combination with a different glucocorticoid.

Outcomes Primary: change from baseline 17 OHP.

Secondary: change in DEXA scan.

Starting date February 2016.

Contact information Debbie Merke, MD.

Notes Sponsored by Diurnal Ltd.

NCT02716818  (Continued)

 
 

Trial name or title Pulsed glucocorticoid replacement therapy for patients with adrenocortical insufficiency sec-
ondary to Addison’s disease and congenital adrenal hyperplasia - the pulses study

Methods Open-label RCT.

Parallel design.

Location: Bristol, UK.

Duration: 6 weeks.

Participants 122 participants.

Age: 18 - 64 years.

Gender: females and males both eligible.

Diagnosis: classical CAH due to 21-hydroxylase deficiency.

Interventions Arm 1: HC + placebo infusion.

Arm 2: oral placebo + HC infusion.

Outcomes Primary: ACTH in all participants and 17 OHP in people with CAH using subcutaneous pulsatile HC
replacement.

Secondary: cognitive, EMA, metabolic profile.

Starting date November 2014.

Contact information Dr Georgina Russell.

Notes  

PULSES 

 
 

Trial name or title Open-label Comparison of Chronocort® Versus Standard Glucocorticoid Replacement Therapy
(RESTORE).

Methods Open-label, Phase 3 RCT.

RESTORE 
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Location: USA.

Duration: 52 weeks.

Participants 132 participants.

Age: > 16 years.

Gender: females and males both eligible.

Diagnosis: classical CAH due to 21-hydroxylase deficiency.

Interventions Arm 1: HC modified release at 5 mg, 10 mg, 20 mg.

Arm 2: HC, DXA, PD or prednisone.

Outcomes Primary: 17 OHP.

Secondary: markers of fertility, hirsutism, acne, HbA1c, body weight, QoL, metabolic screen.

Starting date April 2018.

Contact information Diurnal Ltd.

Notes  

RESTORE  (Continued)

17 OHP: 17-hydroxyprogesterone
ACTH: adrenocorticotrophic hormone
BMD: bone mineral density
BMI: body mass index
CAH: congenital adrenal hyperplasia
CTX: C-terminal telopeptide
DEXA: dual energy x-ray absorptiometry
DXA: dexamethasone
HC: hydroxycortisone
LDL: low-density lipoprotein
PD: prednisolone
P1NP: N-terminal propeptide of type I procollagen
QoL: quality of life
RCT: randomised controlled trial
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Hydrocortisone (10 mg/m2/day to 15 mg/m2/day) versus prednisolone (2.4 mg/m2/day to 3.5 mg/m2/
day)

Outcome or sub-
group title

No. of studies No. of partici-
pants

Statistical method Effect size

1 17 OHP 1 44 Mean Difference (IV, Fixed, 95% CI) 1189.10 [-51.08,
2429.28]

1.1 At 1 year (pre-pu-
bertals)

1 21 Mean Difference (IV, Fixed, 95% CI) 1436.0 [-127.38,
2999.38]
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Outcome or sub-
group title

No. of studies No. of partici-
pants

Statistical method Effect size

1.2 At 1 year (puber-
tals)

1 23 Mean Difference (IV, Fixed, 95% CI) 770.0 [-1266.86,
2806.86]

2 Androstenedione 1 45 Mean Difference (IV, Fixed, 95% CI) 57.75 [11.19, 104.31]

2.1 At 1 year (pre-pu-
bertals)

1 21 Mean Difference (IV, Fixed, 95% CI) 63.0 [-4.57, 130.57]

2.2 At 1 year (puber-
tals)

1 24 Mean Difference (IV, Fixed, 95% CI) 53.0 [-11.25, 117.25]

3 Testosterone 1 44 Mean Difference (IV, Fixed, 95% CI) 38.55 [-6.48, 83.58]

3.1 At 1 year (pre-pu-
bertals)

1 21 Mean Difference (IV, Fixed, 95% CI) 35.0 [-29.13, 99.13]

3.2 At 1 year (puber-
tals)

1 23 Mean Difference (IV, Fixed, 95% CI) 42.0 [-21.24, 105.24]

4 Height SDS BA 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

4.1 At 1 year 1   Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

5 Height SDS CA 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

5.1 at 1 year 1   Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

6 Ratio BA/CA 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

6.1 at 1 year 1   Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

7 Growth velocity SDS 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

7.1 At 1 year 1   Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

8 Height cm 1   Std. Mean Difference (IV, Fixed, 95% CI) Totals not selected

8.1 At 1 year 1   Std. Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

 
 

Analysis 1.1.   Comparison 1 Hydrocortisone (10 mg/m2/day to 15 mg/m2/
day) versus prednisolone (2.4 mg/m2/day to 3.5 mg/m2/day), Outcome 1 17 OHP.

Study or subgroup Hydrocortisone Prednisolone Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.1.1 At 1 year (pre-pubertals)  

Caldato 2004 11 2703 (2452) 10 1267 (947) 62.93% 1436[-127.38,2999.38]

Subtotal *** 11   10   62.93% 1436[-127.38,2999.38]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.8(P=0.07)  

   

Favours hydrocortisone 1000500-1000 -500 0 Favours prednisolone
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Study or subgroup Hydrocortisone Prednisolone Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.1.2 At 1 year (pubertals)  

Caldato 2004 10 2977 (2485) 13 2207 (2452) 37.07% 770[-1266.86,2806.86]

Subtotal *** 10   13   37.07% 770[-1266.86,2806.86]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.74(P=0.46)  

   

Total *** 21   23   100% 1189.1[-51.08,2429.28]

Heterogeneity: Tau2=0; Chi2=0.26, df=1(P=0.61); I2=0%  

Test for overall effect: Z=1.88(P=0.06)  

Test for subgroup differences: Chi2=0.26, df=1 (P=0.61), I2=0%  

Favours hydrocortisone 1000500-1000 -500 0 Favours prednisolone

 
 

Analysis 1.2.   Comparison 1 Hydrocortisone (10 mg/m2/day to 15 mg/m2/day) versus
prednisolone (2.4 mg/m2/day to 3.5 mg/m2/day), Outcome 2 Androstenedione.

Study or subgroup Hydrocortisone Prednisolone Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.2.1 At 1 year (pre-pubertals)  

Caldato 2004 11 168 (91) 10 105 (66) 47.49% 63[-4.57,130.57]

Subtotal *** 11   10   47.49% 63[-4.57,130.57]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.83(P=0.07)  

   

1.2.2 At 1 year (pubertals)  

Caldato 2004 10 200 (98) 14 147 (40) 52.51% 53[-11.25,117.25]

Subtotal *** 10   14   52.51% 53[-11.25,117.25]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.62(P=0.11)  

   

Total *** 21   24   100% 57.75[11.19,104.31]

Heterogeneity: Tau2=0; Chi2=0.04, df=1(P=0.83); I2=0%  

Test for overall effect: Z=2.43(P=0.02)  

Test for subgroup differences: Chi2=0.04, df=1 (P=0.83), I2=0%  

Favours hydrocortisone 10050-100 -50 0 Favours prednisolone

 
 

Analysis 1.3.   Comparison 1 Hydrocortisone (10 mg/m2/day to 15 mg/m2/day)
versus prednisolone (2.4 mg/m2/day to 3.5 mg/m2/day), Outcome 3 Testosterone.

Study or subgroup Hydrocortisone Prednisolone Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.3.1 At 1 year (pre-pubertals)  

Caldato 2004 11 102 (95) 10 67 (50) 49.3% 35[-29.13,99.13]

Subtotal *** 11   10   49.3% 35[-29.13,99.13]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.07(P=0.28)  

   

1.3.2 At 1 year (pubertals)  

Favours hydrocortisone 10050-100 -50 0 Favours prednisolone
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Study or subgroup Hydrocortisone Prednisolone Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Caldato 2004 10 139 (78) 13 97 (75) 50.7% 42[-21.24,105.24]

Subtotal *** 10   13   50.7% 42[-21.24,105.24]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.3(P=0.19)  

   

Total *** 21   23   100% 38.55[-6.48,83.58]

Heterogeneity: Tau2=0; Chi2=0.02, df=1(P=0.88); I2=0%  

Test for overall effect: Z=1.68(P=0.09)  

Test for subgroup differences: Chi2=0.02, df=1 (P=0.88), I2=0%  

Favours hydrocortisone 10050-100 -50 0 Favours prednisolone

 
 

Analysis 1.4.   Comparison 1 Hydrocortisone (10 mg/m2/day to 15 mg/m2/day)
versus prednisolone (2.4 mg/m2/day to 3.5 mg/m2/day), Outcome 4 Height SDS BA.

Study or subgroup Hydrocortisone Prednisolone Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

1.4.1 At 1 year  

Caldato 2004 16 -1 (1.1) 16 -0.2 (0.7) -0.81[-1.47,-0.15]

Prednisolone 21-2 -1 0 Hydrocortisone

 
 

Analysis 1.5.   Comparison 1 Hydrocortisone (10 mg/m2/day to 15 mg/m2/day)
versus prednisolone (2.4 mg/m2/day to 3.5 mg/m2/day), Outcome 5 Height SDS CA.

Study or subgroup Hydrocortisone Prednisolone Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

1.5.1 at 1 year  

Caldato 2004 16 0.4 (1.4) 16 0.6 (1.1) -0.14[-0.99,0.71]

Prednisolone 21-2 -1 0 Hydrocortisone

 
 

Analysis 1.6.   Comparison 1 Hydrocortisone (10 mg/m2/day to 15 mg/m2/day)
versus prednisolone (2.4 mg/m2/day to 3.5 mg/m2/day), Outcome 6 Ratio BA/CA.

Study or subgroup Hydrocortisone Prednisolone Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

1.6.1 at 1 year  

Caldato 2004 16 1.3 (0.3) 18 1.1 (0.2) 0.15[-0.03,0.33]

Prednisolone 21-2 -1 0 Hydrocortisone
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Analysis 1.7.   Comparison 1 Hydrocortisone (10 mg/m2/day to 15 mg/m2/day) versus
prednisolone (2.4 mg/m2/day to 3.5 mg/m2/day), Outcome 7 Growth velocity SDS.

Study or subgroup Hydrocortisone Prednisolone Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

1.7.1 At 1 year  

Caldato 2004 16 1.4 (1.9) 16 1.1 (1.1) 0.26[-0.82,1.34]

Prednisolone 21-2 -1 0 Hydrocortisone

 
 

Analysis 1.8.   Comparison 1 Hydrocortisone (10 mg/m2/day to 15 mg/m2/day)
versus prednisolone (2.4 mg/m2/day to 3.5 mg/m2/day), Outcome 8 Height cm.

Study or subgroup Hydrocortisone Prednisolone Std. Mean Difference Std. Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

1.8.1 At 1 year  

Caldato 2004 16 121 (26.2) 16 125.8 (27.7) -0.17[-0.87,0.52]

Prednisolone 10.5-1 -0.5 0 Hydrocortisone

 
 

Comparison 2.   Hydrocortisone (15 mg/m2/day) versus hydrocortisone (25 mg/m2/day)

Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

1 Height z score 1   Mean Difference (Fixed, 95% CI) Totals not selected

1.1 At 6 months 1   Mean Difference (Fixed, 95% CI) 0.0 [0.0, 0.0]

 
 

Analysis 2.1.   Comparison 2 Hydrocortisone (15 mg/m2/day)
versus hydrocortisone (25 mg/m2/day), Outcome 1 Height z score.

Study or subgroup HC 15 mg/
m2/day

HC 25 mg/
m2/day

Mean Dif-
ference

Mean Difference Mean Difference

  N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI

2.1.1 At 6 months  

Silva 1997 0 0 0.3 (0.035) 0.34[0.27,0.41]

HC 25 mg/m2/day 0.50.25-0.5 -0.25 0 HC 15 mg/m2/day

 

 

A P P E N D I C E S

Appendix 1. Search methods – electronic searches

 

Database Strategy Date last searched Records identified
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CENTRAL #1 MeSH descriptor: [Adrenal Hyperplasia, Congenital] this
term only [MeSH descriptor]

#2 Adrenal Hyperplasia [all text]

#3 hydroxylase deficiency [all text]

#4 #1 AND #2 AND #3

#5 Mesh descriptor: [Glucocorticoids] this term only

#6 (hydrocortisone or chronocort or plenadren or beclometha-
sone or betamethasone or budesonide or cortisone or dex-
amethasone or methylprednisolone or prednisolone or pred-
nisone or triamcinolone)

#7#5 or #6

#8 #4 and #7 [limit to trials only]

17 December 2019 71

MEDLINE Ovid 1 randomized controlled trial.pt.

2 controlled clinical trial.pt.

3 randomized.ab.

4 placebo.ab.

5 drug therapy.fs.

6 randomly.ab.

7 trial.ab.

8 groups.ab.

9 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8

10 exp animals/ not humans.sh.

11 9 not 10

12 Adrenal Hyperplasia, Congenital/
13 Adrenal Hyperplasia.af.

14 21-hydroxylase deficiency.af.

15 12 or 13 or 14

16 Glucocorticoids/

17 (hydrocortisone or chronocort or plenadren or beclometha-
sone or betamethasone or budesonide or cortisone or dex-
amethasone or methylprednisolone or prednisolone or pred-
nisone or triamcinolone).af.

18 16 or 17

19 11 and 15 and 18

Lines 1-11 are the Cochrane Highly Sensitive Search Strategy for
identifying randomised trials in MEDLINE: sensitivity-maximiz-
ing version (2008 revision); Ovid format (Lefebvre 2011).

17 December 2019 1042

  (Continued)
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Embase HDAS (1974
to present) - includ-
ing RCT subject
headings in filter

1 ''CONGENITAL ADRENAL HYPERPLASIA''/

2 (Adrenal Hyperplasia).af

3 ''STEROID 21 MONOOXYGENASE DEFICIENCY''/

4 (21-hydroxylase deficiency).af

5 (1 OR 2 OR 3 OR 4)

6 Exp GLUCOCORTICOID/

7 (hydrocortisone OR chronocort OR plenadren OR be-
clomethasone OR betamethasone OR budesonide OR cortisone
OR dexamethasone OR methylprednisolone OR prednisolone
OR prednisone OR triamcinolone).af

8 6 OR 7

9 (''CROSSOVER PROCEDURE''/

OR ''DOUBLE BLIND PROCEDURE'' OR

''RANDOMIZED CONTROLLED TRIAL'' OR ''SINGLE BLIND PRO-
CEDURE'').af

10 (random* OR factorial* OR crossover* OR (cross* ADJ over*)
OR placebo*).af

11 ((doubl* ADJ3 blind*) OR (singl* ADJ3 blind*) OR assign* OR
allocat* OR volunteer*).af

12 (9 OR 10 OR 11)

13 (5 OR 8 OR 12)

Embase search strategy (Lefebvre 2011)

17 December 2019 261

ISRCTN (www.isrct-
n.com)

[Basic Search]

''Adrenal hyperplasia'' OR ''21-hydroxylase deficiency''

17 December 2019 25

Clinicaltrials.gov
(www.clinicaltrial-
s.gov)

[Advanced Search]

Condition: '' congenital adrenal hyperplasia''

STUDY TYPE: Interventional Studies

17 December 2019 76

WHO ICTRP (app-
s.who.int/tri-
alsearch)

[Basic search]

Adrenal hyperplasia OR 21-hydroxylase deficiency

17 December 2019 83 (76 trials)

Health Canada’s
Clinical Trial Data-
base (health-prod-
ucts.canada.ca/ct-
db-bdec/index-en-
g.jsp)

SEARCH 1

Medical condition: adrenal hyperplasia

SEARCH 2:

Medical condition: 21 hydroxylase deficiency

17 December 2019 0

NICE Evidence
(www.evi-
dence.nhs.uk)

''adrenal hyperplasia'' OR ''21-hydroxylase deficiency'' 17 December 2019 134

  (Continued)
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C O N T R I B U T I O N S   O F   A U T H O R S

 

Roles and responsibilities

TASK WHO WILL UNDERTAKE THE
TASK?

Protocol stage: draM the protocol SMN

Review stage: select which trials to include (2 + 1 arbiter) SMN and KS

Review stage: extract data from trials (2 people) SMN and KS

Review stage: enter data into RevMan KS

Review stage: carry out the analysis SMN, AK and KS

Review stage: interpret the analysis SMN and KS

Review stage: draM the final review SMN, AK and KS

Update stage: update the review SMN, AK and KS

 

D E C L A R A T I O N S   O F   I N T E R E S T

SMN: none known.

KS: I have received the travel grants and consultancy fees from Genzyme, Shire, Amicus, Alexion, Biomarin, Sobi and Nutricia; I have also
received lecture fees from FYMCA Ltd, Biomarin and Nutricia. Furthermore, Biomarin sponsored our masterclass in November 2018. While
Shire market drugs eligible for inclusion in this review, the travel grants and consultancy fees I have received from these companies relate
to lysosomal storage disorders and other general metabolic disorders and not congenital adrenal hyperplasia.

AK: none known.

S O U R C E S   O F   S U P P O R T

Internal sources

• No sources of support supplied

External sources

• National Institute for Health Research, UK.

This systematic review was supported by the National Institute for Health Research, via Cochrane Infrastructure funding to the Cochrane
Cystic Fibrosis and Genetic Disorders Group.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

Initial review stage

Since final adult height was not reported in any of the trials, we have included post hoc analyses such as change in the ratio of bone
age to chronological age and height velocity which can be taken as surrogate markers for eIects on final adult height. Similarly, we have
presented IGF-1 levels in a post hoc change as a surrogate marker for growth hormone levels; and also androstenedione and testosterone
as a surrogate markers for androgen levels.

Authors decided that cluster RCTs were not eligible for inclusion in the review and amended the inclusion criteria.
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N O T E S

The protocol for this review was not compliant with Cochrane's Conflict of Interest Policy. A new author (Ashma Krishan) joined the team;
she worked on the analysis and draMed the summary of findings tables.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Adrenal Hyperplasia, Congenital  [*drug therapy];  Dexamethasone;  Glucocorticoids  [*therapeutic use];  Prednisolone;  Quality of Life; 
Randomized Controlled Trials as Topic

MeSH check words

Adolescent; Child; Child, Preschool; Humans; Infant; Young Adult
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