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Steroids and growth

A. SOOD, P. S. N. MENON

INTRODUCfION
The inhibitory effect of steroids on growth was first
demonstrated in experimental animals as early as 1940.1

Subsequently, Blodgett et al.2 reported growth retarda-
tion in children on prolonged steroid therapy. This
problem has been particularly distressing for children
suffering from chronic diseases as they require long term
corticosteroid therapy. Children with bronchial asthma, 3

nephrotic syndrome= and juvenile rheumatoid arthritis)
as well as those undergoing renal transplantation" who
receive steroids for long durations have been noticed
to have growth retardation compared to controls and
untreated children with the same disease. Children suffer-
ing from Cushing's syndrome also ~ave stunted growth.

GROWTH SUPPRESSION
Suppression of growth by steroids is dependent on dose
and duration. The larger the dose of steroids and longer
the duration of administration, the greater is the suppres-
sive effect. Usually 45 mg of cortisone or 4 to 6 rng/m-
body surface/day of prednisolone is sufficient to suppress
growth in children.t? Smaller doses might suppress the
adrenal, but usually do not suppress growth. K Administra-
tion of steroids seems to stunt somatic growth by a
mechanism that is different from adrenal suppression.
This mechanism is still not clear.

Steroids have been demonstrated to cause diminished
release of growth hormone (GH) in response to insulin
induced hypoglycaernia.? This response is dose- and
duration-dependent. Even a single dose of corticosteroids
can cause diminished release of GH. However, administ-
ration of GH to these children in doses as much as eight
times the amount required for growth promotion in
hypopituitarism does not prevent steroid induced growth
suppression. H) Thus decreased availability of GH is not
the primary reason for growth suppression. Somatomedin
levels are reduced in children who receive steroids over
long durations. II Dexamethasone inhibits induction of
somatomedin C (lGF I) mRNA by growth hormone in
hypophysectomized rats and reduces the content of IGF I
mRNA in the liver, bone, kidney and lung of normal
rats.'! Although normal somatomedin levels have been
reported in Cushing's disease J3 and in adults given a single
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dose of prednisolone;" somatomedin bioactivity was
decreased in these subjects suggesting the presence of a
somatomedin inhibitor in their serum. Production of
somatomedin inhibitors have been demonstrated in states
of malnutrition, diabetes and uraemia. IS Cortisol
increases the release of such somatomedin inhibitors by
the liver in vitro, but cortisol by itself does not alter the in
vitro activity of somatornedin."

Steroids may exert their effect on growth by acting on
peripheral tissues as evidenced by the reduced ability of
epiphyseal cartilage to incorporate sulphate." Steroids
can also cause suppression of nuclear DNA synthesis in
peripheral tissues which may be responsible for the
diminished growth." However, synthesis of RNA and
mitochondrial DNA continues, and cell death does not
occur. Synthesis of type I collagen, a major constituent of
bone, tendon, ligament and skin is inhibited in children
treated with corticosteroids." Significantly lower con-
centrations of carboxy-terminal propeptide of type I
collagen, a marker for collagen synthesis, is present in
children receiving daily corticosteroids, as compared to
children on alternate day therapy or children not receiving
any steroids. Corticosteroids also decrease the post-
translational modifications of the precursor procollagen
chains by decreasing the activity of enzymes involved in
these reactions. 15

STEROID-GROWTH HORMONE INTERACfION
Some of the recent evidence especially from in vitro
studies have, however, added new facets to the concept of
steroid-growth hormone interaction. Glucocorticoids
enhance the release of GH from cultured rat and human
pituitary sornatotrophs.!? They increase GH transcnp-

. tion; in fact activated glucocorticoid receptor protein
binds to the first intron of the human GH gene." Steroids
also enhance GH releasing hormone (GHRH) receptor
synthesis in pituitary somatotrophs. 17 Wehrenberg et al. 19

demonstrated that adrenalectomy without steroid replace-
ment in rats significantly reduced the pituitary GH
response to GHRH, whereas there was an increase in GH
levels following intravenous administration of GHRH
after treatment with dexamethasone. A dichotomous
action of corticosteroid on GHRH-induced GH secretion
has also been observed.P The GHRH-induced release of
GH was stimulated by acute administration of dexa-
methasone (given 3 hours before the test), but was
blocked when it was administered 12 hours before the
stimulation by GHRH. Casanueva et af.21 recently
reported that a rise in blood GH levels occurs 3 hours after
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human volunteers are given a single dose of oral or
intravenous dexamethasone. It has also been demonstrated
that associated growth hormone deficiency can occur in
patients with isolated idiopathic adrenocorticotropin
deficiency. and GH response is restored by glucocorticoid
replacement in these patients.!? All these point towards
the fact that the presence of glucocorticoids is required for
normal secretion of growth hormone. How, then, do we
explain the well documented growth suppressive effect of
glucocorticoids?

MECHANISM
Nakagawa et al.18 demonstrated a decrease in the hypo-
thalamic content of GHRH and an increase in the hypo-
thalamic somatostatin in rats treated with glucocorticoids.
Changes in both these factors may decrease the release
of GH from the pituitary, and probably surpass the
potentiating effect of glucocorticoids on GH release at the
pituitary level. This may explain why insulin-induced
hypoglycaemia which acts through the hypothalamic
pathway does not stimulate growth hormone release
following steroid treatment, whereas direct stimulation
of somatotrophs by GHRH may lead to increased GH
release. It is probable that in physiological doses steroids
have a permissive role in release of growth hormone, but
in pharmacological doses they suppress growth hormone
release by their action on the hypothalamus. Besides, it is
possible that the time-frame over which steroids are
administered may be important; acute administration
causing stimulation and chronic administration leading
to suppression of GH release. However, the data are
conflicting and further studies are needed.

Cessation of steroid therapy normalizes the growth
velocity of the child. In fact Blodgett et al.2observed that
the growth acceleration after cessation of steroids was
more than that of normal children of a similar age. This
'catch-up' phenomenon has also been shown in in vitro
studies on cultured liver cells, exposed to glucocorticoids.?
However, in certain instances when large doses of steroids
are administered for prolonged periods, irreversible
stunting of growth occurs.

REDUCTION OF ADVERSE EFFECT
What can be done to reduce this adverse effect of
glucocorticoids in clinical practice? The use of cortico-
trophin instead of corticosteroids was recommended to
improve growth in children, while keeping the disease
under control. 22But this effect has not yet been con-
firmed.8,23Triamcinolone acetate, given as an aerosol in
the treatment of asthmatic children, did not adversely
affect the height or weight during the first year. 24Long
term observations are needed to confirm the effect on
growth. Littlewood et al.25reported impairment of height
gain in asthmatic children treated by inhalational beclo-
methasone. Their results are debatable as the control group
was not age matched to the children receiving treatment
with steroids." Whether the use of steroids by inhalation
reduces their growth retarding potential remains an
unresolved issue. The most useful practical guideline con-
sists in using steroids in the lowest possible dose with the
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minimum frequency. Moell et al.27 using a very sensitive
technique of roentgen stereophotogrammetric analysis
to measure bone growth, demonstrated in rabbits that
the growth suppressive effect of low doses of hydro-
cortisone (up to 32 mg/kg) did not last more than 24 hours,
the growth being normal on the second day. The effect
of higher doses (64 and 128 mg/kg) did not last beyond
48 hours. Thus using small doses of steroids on alternate
days may well reduce their growth suppressing potential.
In children with nephrotic syndrome given alternate day
prednisone therapy, serum somatomedin activity is lower
on the days they receive the drug than on the days they do
not." As discussed above, synthesis of collagen is not
impaired in children on alternate day steroid therapy as
compared to those on daily steroid therapy." Normal
growth has been demonstrated in children receiving
alternate day steroids for nephrotic syndrome' and
systemic juvenile rheumatoid arthritis.i? However, the
use of long acting steroids will negate this beneficial
effect. It may also be worthwhile to separate in time as
much as possible administration of GH and corticosteroids
to the same patient if they are required as in a case of
multiple pituitary hormone deficiency. This leads to a
better anabolic response to GH.30 It will be reasonable
to administer steroids in the morning and GH at night.

CONCLUSION
Once a definite indication for steroid therapy exists,
steroids should be used in a protocol that minimizes the
dosage, frequency and duration of therapy. Furthermore
short acting steroid preparations should be preferred to
long acting ones.
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Reye's Syndrome
S. M. MEHENDALE, K. BANERJEE

INTRODUCfION
In April 1963, Anderson! described a few fatal cases of
childhood encephalopathy in Australia, with post-mortem
evidence of swollen brains and fatty liver. A few months
later, Reye- encountered cases with similar pathological
features but who also had raised blood transaminases, a
reduced prothrombin time and diminished sugar levels in
the serum and the cerebrospinal fluid (CSF). In the USA,
Johnson! described similar cases during the influenza B
outbreaks in October 1963. These three reports gave birth
to a new clinical entity-' Reye's syndrome'."

Reye's syndrome (RS) is an acute, rare and serious
multi-system disease which often follows a mild and un-
remarkable illness.' Although it has been documented
to be a major cause of neurological death in children in
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developed countries," its severity has remained
unexplored in developing countries such as India.

EPIDEMIOLOGY
Reye's syndrome has a worldwide distribution." However,

.data on the incidence are poor and diagnosis depends very
much on being aware of the disease and searching for it
diligently." It has been described to be a rural and
semi-urban disease, 6 and hence, even in the absence of
supporting data, would be expected to be a major problem
in the Third World.

In India, cases were first reported in 1969 from
almost all parts of the country except the Eastern
region. It has been estimated that as many as 12000 to
18000 cases occur in India every year. 9 Sporadic cases
have been reported from Vellore, Chandigarh, BangaJore,
Bombay and Delhi. \0 However, it is possible that some
cases are misdiagnosed to have acute encephalopathy or
heat stroke. 11

Two distinct epidemiological patterns of RS have been
described. It occurs in an epidemic form during or just


