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Treatment of short stature in renal disease with
recombinant human growth hormone

Lesley Rees, Susan P A Rigden, Geraldine Ward, Michael A Preece

Abstract
Six prepubertal children with chronic renal
failure (group 1), six prepubertal children with
renal transplants (group 2), and six pubertal
children with renal transplants (group 3) who
were short (mean height SD score, -3-2,
range -4-5 to -1-6) and growing poorly
(mean (range) growth velocity (cm/year) over

the year before treatment: group 1, 4-8 (3.5-
5.8), group 2, 2-3 (0.9-4.7), and group 3, 3-2
(0.5-6.5)) were treated with recombinant
human growth hormone 30 units/m2/week in
daily doses for a median of 0-98 years (range
0.25-0.99). Mean (range) growth velocity over
the treatment period increased significantly in
all groups (group 1, 10.7 (8-8-12-3), group 2,
6-1 (2.7-10-8), and group 3, 6-0 (4.6-668)).
There was, however, no improvement in
height SD score for bone age in any group.
The renal function of two children deterio-
rated after starting treatment with growth hor-
mone, but it was not possible to say whether
the growth hormone was responsible for this.
The long term effects of treatment and its
influence on final height are not yet known.
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Short stature is a serious problem for children
with chronic renal disease. Intensive conserva-
tive management of chronic renal failure,l early
transplantation,2 and the use of lower doses of
steroids since the introduction of cyclosporin3
have improved the growth prognosis for most
children. There are still some children,
however, whose growth fails to respond to these
measures.1 2

Recombinant human growth hormone
(rhGH) increases the rate of growth of short
normal children,4 and produced significant
improvements in growth in five children with
chronic renal failure treated for six months.5 We
have therefore assessed the effect of pharmaco-
logical doses of rhGH given for a period of a

year to short children with renal disease.

Patients and methods
Three groups of children (six in each group)
were selected for treatment with rhGH. Group 1

were prepubertal children with chronic renal
failure. Their mean age was 7-7 years (range
50-104), five were boys, and their diagnoses
were infantile polycystic kidney disease (n=2),
posterior urethral valve (n=l), and dysplastic
kidneys (n=3). Group 2 were prepubertal chil-
dren with renal transplants. Their mean age was
12-1 years (range 9-5-15-8), three were boys,

and their diagnoses were dysplastic kidneys
(n=1), cystinosis (n=2), focal segmental glo-
merulosclerosis (n=1), unspecified glomerulo-
nephritis (n=1), and posterior urethral valve
(n=l). Group 3 were pubertal patients with
renal transplants. Their mean age was 15-6
years (range 14-1-18-3), four were boys, and
their diagnoses were dysplastic kidneys (n=2),
reflux nephropathy (n= 1), juvenile nephro-
nophthisis (n= 1), posterior urethral valve
(n=1), and neonatal cortical necrosis (n=1).
The children all fulfilled the following criteria
on entry to the study: they had all attended the
clinic for at least 18 months and they were all
short with height SD scores more than 2 SD
below the mean (n=17) or height velocity SD
scores more than 1 SD below the mean (n= 12).
None had diabetes, uncontrolled bone disease,
nephrotic syndrome, or abnormal liver or thy-
roid function tests. All the patients with trans-
plants were receiving prednisolone on alternate
days in the morning. The mean (range) doses
(mg/mi2) were: group 2, 14-9 (101-17-6) and
group 3, 110 (8-619-4).
The study was approved by the hospital

ethics committee, and informed consent was
obtained from the parents. The children con-
tinued to attend the outpatient clinics as before.

PHYSICAL ASSESSMENT
Height (measured by the same observer (GW)
with a Harpenden stadiometer), weight, and
puberty stage6 were assessed every three
months. Bone age was assessed at the beginning
and end of the year.7 Growth measurements
were expressed as SD scores for chronological
age and bone age,8 and as height velocity (cm/
year). Blood pressure was measured at each
visit, and the systolic pressure was used for
comparisons.

BIOCHEMICAL AND HAEMATOLOGICAL
ASSESSMENT
Blood was taken at entry to the study and then
every three months for estimations of the con-
centrations of urea, electrolytes, creatinine,
calcium, phosphate, bilirubin, albumin,
haemoglobin, fasting blood glucose and gly-
cated haemoglobin, the white cell and platelet
counts, and the activities of alkaline phospha-
tase and aspartate aminotransferase. Glomerular
filtration rate (ml/min/173 m2) was calculated
with the height/creatinine formula.9 Urine was
collected on arrival at the morning clinic for
measurement of the calcium:creatinine ratio.
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Treatment ofshort stature in renal disease with recombinant human growth homone

Table I Effect of recombinant human growth hormone on height SD score, bone maturation, and height velocity SD
score. Results are expressed as mean (range)

Height SD score Bone age delay Height SD score Height velocity SD
for chronological age (years) for bone age score for chronological

age

Group 1:
At beginning of treatment -2-9 (-3 7 to -2-3) -2-1 (-4-2 to -0-5) -1 1 (-2-3 to -0-4) -1-3 (-2-5 to -0-1)
At end of treatment -2-1 (-30 to -1-2)** -1-6 (-3-1 to -06) -08 (-2-0 to 03) 6-0 (4-1 to 75)*'*

Group 2:
At beginning of treatment -3 3 (-4-5 to -1-6) -2-5 (-4-3 to -1-0) -1-7 (-2-7 to -0-5) -2-0 (-3 5 to -0 8)
At end of treatment -3-1 (-5-4 to -1 1) -2-5 (-4-5 to -0 3) -1-4 (-2-7 to 0-2) 0-6 (-1-4 to 2 8)*'

Group 3:
At beginning of treatment -3-4 (-4-3 to -2 6) -2-7 (-5 4 to -1-2) -1 1 (-2-0 to. 1-4) -1-0 (-2-3 to 1-0)
At end of treatment -3-2 (-3-6 to -2-4) -2-9 (-6-0 to -1-8) -1-0 (-2-5 to 1-8) 3-5 (0-2 to 11-4)*

*p<0.05, **p<0-01, and ***p<0-0001 compared with beginning of treatment within that group.

HORMONAL ASSESSMENT
Growth hormone pulsatility was assessed by 15
minute blood sampling from 2000 to 0700 in all
patients except for one boy in group 2 in whom
venous access was difficult. He was given cloni-
dine 0 15 mg/M2 orally and samples were taken
for baseline measurement of growth hormone
and then half hourly for three hours. The
methods used to compile the overnight profiles,
the measurement ofgrowth hormone concentra-
tions, and their analysis by 'Pulsar' have been
described previously.2 Insulin like growth fac-
tor 1 (measured by radioimmunoassay after
acid-ethanol extraction2), thyroid function tests
and parathyroid hormone concentrations mea-
sured by a two site immunochemiluminometric
method (Ciba Coming Diagnostics)) were asses-
sed at the beginning and end of the study.

DIETARY ASSESSMENT
Three day prospective dietary assessments were
made at each clinic visit for the patients with
chronic renal failure. Energy and protein
intakes over the treatment period were com-
pared with those during the year before treat-
ment.

ASSESSMENT OF TRANSPLANT DYSFUNCTION
Episodes of transplant dysfunction, defined -as
an episode treated with a three day course of
prednisolone at a dose of 3 mg/kg/day, were
counted for each child during the year before,
and the year of, treatment.

TREATMENT REGIMEN
Each child received rhGH (Genotropin, Kabi-
Vitrum), 30 units/m2/week in daily doses sub-
cutaneously for a median of 0-98 years (range
0-25-099). Growth hormone antibodies were
measured at the beginning and end of the treat-
ment period.

STATISTICAL ASSESSMENT
Results are expressed as mean or median
(range). The significance of differences was
assessed by the paired Student's t test, and a
probability of <0 05 was accepted as signifi-
cant.

Results
GROWTH
Table 1 shows the changes in growth variables
during the treatment period. Two patients
stopped rhGH after three months (one in group
1 because of fear of needles, and one in group 3
because of non-compliance). They have been
omitted from calculations of bone age. One boy
in group 1 stopped after six months because he
received a renal transplant. All children in
groups 1 and 2 remained prepubertal. Two of
the five adolescents in group 3 who received a
year of rhGH treatment progressed through
puberty by one stage, and in three the pubertal
staging remained unchanged (median (range)
genital or breast stage before receiving rhGH 2
(2-3), and after receiving rhGH 2 (2-4)). Height
SD scores increased significantly in group 1,
and height velocity SD scores for chronological
age increased significantly in all groups. The
importance of this was difficult to assess in
group 3, who may have been experiencing
pubertal growth spurts. Bone age was delayed
before treatment in all patients and remained
delayed after treatment. Changes in bone age
delay and height SD scores for bone age were
not significant.

Individual growth velocities are shown in fig
1 for the year before treatment (median dura-
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Figure I Changes in growth velocity over theyear before
growth hormone was started and during the treatment period;
* =treatment stopped after three months; **=treatment
stopped after six months.,
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tion of period 1 06 (0-92-1-18) years) and the
treatment period (median duration 0-98
(0 25-0-99) years). Growth rates for the three
patients who did not complete a year of treat-
ment were expressed as extrapolated annual
growth rates. The changes in growth velocity
were significant in each group. There was no
correlation between the response to treatment
and the severity of chronic renal failure in group
1, or between the doses of steroids and the
growth response in groups 2 and 3, or between
growth hormone pulsatility and the growth
response in all groups. No antibodies to growth
hormone were detected in any child.

RENAL FUNCTION
The calculated glomerular filtration rate at the
beginning and end of the treatment period is
shown for each group in table 2.8 There was no
significant change in any group. The renal func-
tion of one child in group 1 and one in group 2,
however, deteriorated. One adolescent in group
3 lost his transplant because he did not take his
drugs regularly. The reciprocal of the plasma
creatinine is shown plotted against time for the

Table 2 Glomerular filtration rate at the beginning and end
of treatment with recombinant growth hormone. Results are
expressed as mean (range)

Glomerular filtration ra

At beginning of
treatment

Group 1 18 (10-27)
Group 2 66 (27-108)
Group 3 70 (35-90)
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At end of
treatment

18 (8-29)

six patients with chronic renal failure in fig 2.
There was no consistent effect of rhGH. Case 5,
whose calculated glomerular filtration rate
decreased from 10 to 8 ml/min/1 73 m2 received
a transplant after six months of treatment. He
had the lowest glomerular filtration rate of all
the children at the beginning of treatment with
rhGH. The glomerular filtration rate of the
child in group 2 fell from 51 to 11 ml/min/i 73
M.2 She had six episodes of transplant dysfunc-
tion treated with high doses of prednisolone
during the year of treatment, but had also had
five during the previous year. A transplant
biopsy specimen showed no evidence of acute
rejection, but chronic changes. Control of her
blood pressure had also deteriorated. She was,
however, the only child in the study in whom
control of blood pressure became a problem,
and there were no significant changes in blood
pressure in any group. For all groups, mean sys-
tolic blood pressure (mm Hg) before treatment
was 96 (range 80-130), and during treatment
101 (range 70-150).
There was no significant change in the num-

ber of episodes of transplant dysfunction/child
during the year before (1-7, 0-6) compared with
during treatment with rhGH (1-5, 0-6).
The urinary calcium:creatinine ratio was over

0-7 mmol/mmol in three children before they
started taking rhGH, and remained above this
level in two children. It did not exceed this level
in any other child.

64 (11-110) HORMONAL ASSESSMENT
65 (0-94) Results of analysis of overnight growth hor-

mone profiles are shown in table 3. Pulsatility
was normal in all children with chronic renal
failure (group 1). Of the five children in group 2
in whom overnight profiles were measured, the

°0 0area under the curve was depressed in four,
t o°° 00 with severe blunting of peak amplitude in three.

The sixth boy had a depressed growth hormone
response to clonidine (maximum growth hor-
mone 2-4 mU/l). Three adolescents in group 3
had depressed measurements.

Concentrations of insulin like growth factor 1
were below the reference range for prepubertal
children (0-3-1 6 U/ml) in all but one boy in

00 group 1 (0-22 (0-05-0-48)) and rose to within
00 the reference range in all but one boy after treat-

0 00o 0 ment (0-84 (0-18-1-42), p<0-05). Concentra-
t tions in group 2 all fell to within the reference

range (before treatment 0-89 (0-53-137); after
treatment 1-08 (0-64-1-55)). In group 3, con-

.r-- . , centrations were within the reference range for
pubertal children (>1-0 U/ml) with the excep-
tion of one boy, who lost his transplant because
he did not take his drugs regularly, and may not
have been taking his rhGH regularly either

xo o (before treatment 1-29 (0-80-1-62), after treat-
t c%'o0 ment 1-73 (0 06-2-64)).

Thyroid function tests remained normal
except in one boy with cystinosis who required

F T 1 an increase in his dose of thyroxine.
0 12 Parathyroid hormone concentrations (refer-

t ence range <66 ng/l) were slightly raised in

'ren with chronic three children in group 1 (65 (3-129)), two in
growth hormone group 2 (127 (14-547)), and two in group 3 (49

(12-99)). At the end of the treatment period
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Figure 2 Reciprocal ofplasma creatinine plotted against time in six childi
renalfailure (group 1) before and after treatment with recombinant human I
(beginning of treatment indicated by vertical arrow).
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Table 3 Pulsar analysis of overnight growth homone pulsatility. Results are expressed as mean (range)

Area under the curve Growth hormone Pulses
(mUll hour of study) (mU/,)*

No Mean peak
amplitude (mU/l)*

Group 1 723 (565-932) 12-7 (105-15-5) 5 (4-6) 20-9 (163-25-7)
Group 2 220 (62-354) 3-9 (1-2-8-5) 4 (3-5) 9-1 (2-2-17-9)
Group 3 338 (179-613) 5-9 (3-1-11-1) 4 (2-5) 13-9 (89-21-2)

*Growth hormone conversion factor: 1 mU/1=0 5 tsg/l.
they were increased in one in group 1 (52
(22-136)), two in group 2 (180 (12-822)), and
one in group 3 (49 (9-109)).

DIETARY ASSESSMENT
Parents of children with chronic renal failure
reported an improvement in appetite on starting
treatment with rhGH, but this impression was
not confirmed by their dietary assessments,
which showed no change in energy and protein
intake over the year before (MJ/kg body weight,
0 39 (0-30-0-63); protein in g/kg body weight,
1-9 (09-3-0)) and during the period of rhGH
treatment (MJ 035 (0-25-0 50); protein 1-7
(0 8-2-8)). There was, however a significant
decrease in height:weight ratio (before treat-
ment 6-2 (5-6-7 6), after treatment 5-7
(5-1-6-4)., p<0-01).

BIOCHEMICAL AND HAEMATOLOGICAL
ASSESSMENT
There was no significant change in the mean
haemoglobin concentration (g/l) (before treat-
ment 121 (85-152), after treatment 110
(62-135)), the white cell count, or the platelet
count.

Fasting glucose concentration (venous,
plasma, mmol/1) did not change significantly
and remained within the reference range (<7-8
mmol/l) before treatment 4-9 (2-5-6 2), after
treatment 5-2 (3 7-7 0). There was, however, a
significant increase in the mean percentage of
glycated haemoglobin (before treatment 6-7
(5 4-8 5), after treatment 7-2 (6 5-8 3),
p<c0002 adult reference range 4-9-7-5). There
were no significant changes in mean concentra-
tions of urea, electrolytes, or albumin, or in
results of liver function tests. Calcium and
phosphate concentrations remained unchanged,
except for one child in group 1 whose calcium
concentration fell to 1-68 mmol/l. Alaline
phosphatase activity (U/1) increased signifi-
cantly (before treatment 451 (244-1068), after
treatment 614 (227-1293), p<001).

Discussion
Chronic renal failure presenting in infancy com-
monly results in severe growth retardation.' 10-13
Catch up growth can be achieved in some of these
infants with correction of fluid, electrolyte, and
acid base imbalance, attention to energy and pro-
tein intake, and treatment or prevention of renal
osteodystrophy.' For reasons that are not under-
stood, however, a few infants continue to grow
poorly despite intensive medical intervention.
After 2 years of age, normal growth rates are usual
but catch up growth is rare.'
Treatment with rhGH produced significantly

improved growth in our group of children with
chronic renal failure (group 1), confirming the
results of a small preliminary study.5 Our children
were selected because they had the lowest height
SD scores among children attending the chronic
renal failure clinic, and were failing to show catch
up growth despite theoretically optimum medical
management. It was not possible to match them
with controls because of the large number of vari-
ables (for example, diagnosis, age of onset of chro-
nic renal failure, and severity of chronic renal fai-
lure). Such rates of growth have, however, never
before been achieved by any other means and are
of such magnitude that a controlled trial of the
short term effects of rhGH on the growth of chil-
dren with conservatively managed chronic renal
failure has become unnecessary.
How rhGH exerts its effect in patients with

uraemia is unknown. It may be that supraphysiolo-
gical doses of rhGH are necessary to overcome
peripheral resistance to the effect of growth
hormone. 14 This theory is supported by the rise in
insulin like growth factor 1 concentration seen in
our patients. It may be that rhGH stimulates food
intake and protein anabolism, as an improvement
in food utilisation has been noted in uraemic rats
treated with rhGH. 156 The improved growth rate
with unchanged energy and protein intake in our
patients suggests that an increase in the efficiency
of food utilisation had occured.
Treatment with rhGH also produced a signifi-

cant increase in the rate of growth in prepubertal
patients with transplants (group 2), although in
this group the changes were less obvious. Catch up
growth usually occurs in prepubertal children after
transplantation, but steroids may interfere with
the onset and progress of puberty and the pubertal
growth spurt so that a decline in growth rate dur-
ing the peripubertal years is common.2 17 This
decline in growth rate is associated with depression
of the spontaneous secretion of growth hormone as
was seen in the patients in this study.2 The less
obvious response to rhGH in this group was likely
to be due to steroids. We could not find an associa-
tion between the dose of steroid and the response
to rhGH, or between the severity of suppression of
spontaneous growth hormone secretion and
response to rhGH, but this may be because of the
small numbers in our study. A larger dose ofrhGH
might overcome the steroid effect and improve
growth rates further.

Results for the pubertal patients with trans-
plants (group 3) are less easy to interpret because
of the possible confounding effect of the pubertal
growth spurt. We have previously reported,
however, that pubertal growth is depressed in
patients taking steroids.2 The optimum manage-
ment of this group of patients remains difficult.
Compliance was also less certain in the adoles-
cents; two patients definitely did not take their
drugs regularly. Only one young child abandoned
treatment because of fear of injections. All were
offered topical local anaesthetic cream, but this
was only used by one.
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Treatment with rhGH increased the rate of
growth of children with renal disease in the short
term, but it is not known whether it improves
height prognosis. Bone age remained delayed after
treatment, but there was no significant change in
height SD score for bone age, suggesting that ulti-
mate height may be unaffected. This question
could only be answered by a long term controlled
trial, which would be difficult-if not
impossible-to do.
The treatment is not without potential side

effects, and these may be of particular relevance to
children with renal disease. Most importantly, it is
possible that rhGH may precipitate a deterioration
in renal function by several mechanisms. Firstly, it
may produce hyperfiltration by increasing glomer-
ular filtration rate and renal plasma flow. 18
Secondly, hypercalciuria occurs in rats with
chronic renal failure treated with rhGH who are
also taking 1,25-dihydroxyvitamin D3.19 Thirdly,
hypertension occurs in patients with acromegaly.20
Finally, growth hormone has been reported to
enhance immune fuction,21 which is a potential
problem for patients with renal transplants. It is
not possible to say whether the decline in renal
function in the two patients in our study was
caused by the rhGH. One child developed worsen-
ing of her hypertension, but hypercalciuria was not
a problem, and there was no increase in the inci-
dence of rejection episodes of transplanted
kidneys.

Another potential complication is an adverse
effect on carbohydrate metabolism. Children with
uraemia have abnormal insulin metabolism,'4 and
rhGH may be additive to the diabetogenic effect of
steroids. The increase in the percentage of glycated
haemoglobin suggests that there had been an
increase in the mean blood glucose concentrations
throughout the day. Changes in glycated haemo-
globin have not been reported in children treated
with rhGH who had normal renal function, and we
known of no published results of glycated haemo-
globin concentrations in children treated with
rhGH who are taking steroids for other reasons.
The change in our patients was not clinically
important, however, and could not be detected by
a change in fasting blood glucose concentration.
One patient with chronic renal failure developed

hypocalcaemia. This probably resulted from
inadequate calcium intake from a diet restricted in
dairy products in a rapidly growing child. Calcium
depletion could lead to unrecognised bone disease,
which may be easily missed as a rise in alkaline
phosphatase activity is expected as a reflection of
the increased rate of growth.

Finally, growth hormone is known to be a
mitogen.22 Children with renal transplants are
more susceptible to tumour formation because of
immunosuppression. Longer experience of the use
of rhGH in this group of children is necessary
before the risks of tumour formation can be deter-
mined.

In conclusion, rhGH is useful in improving the
rate of growth of children with chronic renal fai-
lure but, in view of possible side effects, should
only be considered in those who are below the
third centile for height and have failed to show
catch up growth when energy intake is adequate,
electrolyte and acid base balances are normal, and
bone disease is controlled. In these children, the
benefits of improved growth may outweigh the
risks of a deleterious effect on renal function. Poor
growth in patients with renal transplants is usually

the result of treatment with steroids, and the first
approach should be to reduce the dose of steroids
to a minimum. Few young children fail to show
-catch up growth after transplantation, but those
who continue to grow at a low velocity below the
third centile on the smallest possible steroid- dose
may benefit from rhGH. Older children whose rate
of growth is decreasing in association with delayed
puberty as a result of treatment with steroids
should be kept under review for a year. If the rate
of growth continues to decrease, rhGH may be
offered. In all patients with transplants the poten-
tial side effects must be considered carefully with
the patient and parents.
Long term consequences and the effect on final

height are unknown.
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