
Archives of Disease in Childhood, 1988, 63, 1326-1332

Growth and endocrine function after renal
transplantation
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Evelina Children's Hospital, United Medical and Dental Schools, Guy's Hospital and *Department of
Growth and Development, Institute of Child Health, London

SUMMARY Longitudinal height data and physical development were assessed in 45 boys and 34
girls after renal transplantation. All children received alternate day steroids and either
azathioprine or cyclosporin A for immunosuppression. There was a significant increase in growth
velocity after transplantation in prepubertal children. Growth velocity declined at the expected
age of the normal pubertal growth spurt, however, with delay in the appearance of secondary
sexual characteristics. Overnight hormone profiles in 17 adolescent subjects with short stature or

maturational delay, or both, showed blunting of growth hormone and gonadotrophin pulsatility.
It is likely that long term steroid treatment after renal transplantation induces the clinical and
endocrine picture of delayed puberty. Failure of growth to accelerate at this time is a cause of
short stature, which may have an effect on adult height.

Growth failure is an important consequence of
chronic renal failure for many children. Mean adult
height is reduced on average by two standard
deviations for those transplanted before the age of
15 years. Delayed puberty is also a common finding;
half the girls and one third of boys reach sexual
maturity later than 95% of the normal population.'
After renal transplantation many children have an
appreciable improvement in their growth. Our
impression, however, was that the initial increased
growth rate was not sustained during the ensuing
years of immunosuppressive treatment.

In boys taking long term steroid treatment for
steroid sensitive nephrotic syndrome, we observed a
clinical picture of delayed puberty, with blunting of
the secretion ofgrowth hormone and gonadotrophins.
Immunosuppression with steroid treatment may,
therefore, cause a decline in growth velocity at the
time of the expected pubertal growth spurt,2 and
account for the lack of continuing growth improve-
ment after renal transplantation.
We analysed retrospectively the growth and

pubertal development of our current population of
children and adolescents with renal transplants. We
also investigated the endocrine function of 17 of the
adolescents who had growth retardation or pubertal
delay, or both.

Patients and methods

All children attending Guy's Hospital paediatric
renal transplant clinic at the end of May 1987, and
who had had a functioning graft for at least a year,
were included in the study (45 boys, 34 girls). The
causes of chronic renal failure were: obstructive
uropathy (n=18, 24%), dysplasia (n=13, 16%),
focal segmental glomerulosclerosis (n=9, 11%),
proliferative glomerulonephritis (n=9, 11%),
nephronophthisis (n=8, 10%), reflux nephropathy
(n=7, 9%), cystinosis (n=5, 6%), and miscellaneous
(n=10, 13%).
The immunosuppressive treatment used was

broadly divided into two groups: high dose predni-
solone (30 mg/M2 on alternate days) and azathioprine
(regimen 1) or low dose prednisolone (10 mg/M2 on
alternate days) and cyclosporin A (regimen 2).
There was overlap in steroid dose between the two
groups, however: many patients on regimen 1 with
live related transplants and stable graft function had
their steroid dose reduced, and patients on regimen
2 with poorly functioning grafts had their steroid
treatment increased. Furthermore, over the years
several children switched regimen. Rejection
episodes were managed in the same wa' for each
regimen: methyl prednisolone 600 mg/m for three
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Growth and endocrine function after renal transplantation 1327

consecutive days during the first six weeks post
transplant, and oral prednisolone 3 mg/kg/day for
three days after the first six weeks.
The following were obtained from the notes and

on examination:
(1) Chronological age at transplantation (years).
(2) Height (cm) at the time of transplantation
and subsequently at yearly intervals. For each
subject the height standard deviation score (Ht
SDS) was calculated, according to the formula
Ht SDS=(x-i)/SD, where x and SD are age
matched population mean height and SD re-
spectively and x is the subject's height. The
height velocity standard deviation score was
calculated for each post transplant year in each
subject. Normal population data were according
to Tanner et al.
(3) Bone age (TW2) and puberty rating4 in
children over the age of the third centile for
appearance of secondary sexual characteristics
(boys >14-0 years, girls >13*3 years).

Eleven children were transplanted before the age
of 10 years and were over the age of 14 years. Their
calculated glomerular filtration rate (ml/min/1.732)5
was compared at 11 and 14 years of age.
An overnight hormone profile study was per-

formed in 13 boys and four girls who were short
(<10 centile), and/or growing poorly (height velocity
<25 centile) and/or delayed in puberty (<10 centile
for age). The steroid dose (mg/M2) and the

glomerular filtration rate at the time of the study
was calculated.5 Height velocity (cm/year) and
height velocity SDS were calculated for the six
months before the study (table 1). Studies were
performed on the day off steroids in all patients
except 13, 14, 15 and 17. Subjects 1 and 6 were
taking daily steroids. Each study commenced at
18-00 hours, when an indwelling cannula was
inserted into a forearm vein. Adequacy of sleep was
analysed using a portable continuous electro-
encephalograph (Oxford Medilog System).6 Blood
samples were taken every 20 minutes from 20-00
hours through to 07-00 hours (3 ml blood per
sample). Plasma was subsequently stored at -20°C
until assay. Growth hormone (mU/1), gonado-
trophins (luteinising hormone, follicle stimulating
hormone, IU/1), and prolactin were measured on
each sample and testosterone (nmol/1) and insulin
like growth factor 1 (U/ml) on intermittent samples
through the night. All samples from each profile
were batch analysed. Growth hormone was measured
by radioimmunoassay using the first International
Reference Preparation 66/217, with an intra-assay
coefficient of variation of 5*0% and 2.4% at 10-8
and 20-4 mU/l respectively and an interassay coef-
ficient 'of variation of 10% at 7-5 mU/i. Gonado-
trophins were measured by radioimmunoassay using
the first International Reference Preparation of
luteinising hormone 68/40 and follicle stimulating
hormone 78/549, with an intra-assay coefficient of

Table 1 Patient details at the time of the overnight hormone profiles

Patient Alternate Cyclosporin A Age at Chronological Bone Genital Height Height Height Glomerular
No day transplant age age stage4 SDS velocity velocity filtration

steroid (years) (years) (years) SDS (cm/year) rate
dose (mllmin
(mg/M2) 11-73 m2)

Girls
1 4-4* + 13-1 13-3 9-6 1 -4-9 0-4 6-1 80
2 10-9 + 11-0 11-7 8-0 1 -3-3 -2-3 2-3 49
3 13-2 + 11-9 14-2 12-4 3 -3-5 1-2 5-9 37
4 22-2 - 14-7 18-4 13-8 5 -3-1 - 0-5 58

Boys
5 4-9 + 12-6 14-4 10-4 1 -4-2 -1*9 3-4 30
6 3-9* + 14-7 15-2 14-5 3 -2-4 -0-4 5-1 20
7 8-7 - 8-8 17-5 15-3 2 -2-5 6-0 7-6 92
8 8-8 + 7-6 13-0 12-2 1 -2-3 -0-7 4-2 33
9 8-8 - 8-0 14-5 12-4 2 -2-3 -2-7 1-8 76
10 9-1 - 8-5 16-3 12-8 2 -4-2 0-6 5-0 86
11 9-2 + 12-0 13-7 12-0 1 -1-4 -1-5 3-6 64
12 13-0 - 7-6 14-8 13-5 2 -2-4 -1*2 4-6 84
13 17-1 + 11-2 13-3 11.0 1 -1-9 -1-2 3-8 24
14 17-7 - 11-3 12-9 9-5 1 -3-0 -0-7 4-6 31
15 23-6 - 15-0 16-9 14-5 2 -4-0 2-2 5-5 53
16 24-6 - 15-8 17-6 12-7 1 -6-0 2-9 1-4 50
17 26-0 - 12-9 15-5 15-7 3 -1-4 -1-9 1-4 42

*Daily steroid dose.
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1328 Rees, Greene, Adlard, Jones, Haycock, Rigden, Preece, and Chantler

variation of (a) luteinising hormone, 8-8% and 10%
at 2-4 and 15-0 IU/l and (b) follicle stimulating
hormone, 10-3% and 7 3% at 2-8 and 14 9 IU/l
respectively. Prolactin was measured by radio-
immunoassay using the first International Reference
Preparation of 75/504. Testosterone was measured
by standard kit method (Diagnostic Products
Corporation). Serum insulin like growth factor 1
was measured by radioimmunoassay after acid-
ethanol extraction.7 Antiserum R557A and insulin
like growth factor labelled with 12518 were kindly
provided by Dr DJ Morrell (Institute of Child
Health, London). Intra-assay and interassay coef-
ficient ofvariation were <8% and <10% respectively.
Values for insulin like growth factor 1 were expressed
as potency relative to pooled normal adult human
reference serum defined as 1 unit insulin like growth
factor 1/ml.
Growth hormone and gonadotrophin hormone

peak analysis was performed both visually and using
the 'Pulsar' programme,9 which was modified locally
to include a calculation of area under the curve by
summation of trapezoids.

STATISTICAL ANALYSIS
By definition, the mean SDS of the normal popula-
tion is zero, and the standard deviation of the
distribution is one. Our data were symmetrically
distributed; for purposes of statistical comparison
with the normal population, the mean and standard
deviation of each subgroup of patients was calcu-
lated. Comparison of height velocity SDS at various
age groupings was by one way analysis of variance.
Comparison of glomerular filtration rate at 11 and
14 years of age was by paired t test. Comparison of
the association of overnight hormone profile
measurements with height velocity, glomerular fil-
tration rate, and steroid dose was by Pearson
product moment coefficient. Results are expressed
as mean (SE), together with range where appropriate.

Results

GROWTH DATA

The mean age (range, years) at transplantation for
the boys was 8-3 (0-8-15-8). They were significantly
short at the time of transplantation (height SDS
-2-87 (0.26), p<0-001) compared with the normal
population. The mean (range) duration of follow up
(years) was 3-6 (1-0-10-0). At the end of follow up
they were significantly short (height SDS -2-24
(0.25), p<0-001). In the girls age at transplantation
was 9-6 (1-7-14-7), with a height SDS of -2-10
(0-24), p<0.001. Duration of follow up was 3-2
years (1.0-8-0), with a height SDS at the end of
follow up of -2*12 (0.27), p<0-001.
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Fig 1 Height SDS at the time of transplantation and at
yearly intervals for the 21 boys aged less than 1I years and
the seven girls aged less than 10 years at the end ofMay 1987
(- - -steroids plus cyclosporin A, steroids plus
azathioprine).
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Fig 2 Height SDS at the time of transplantation and at
yearly intervals for the 24 boys aged over ]I years and the 27
girls aged over 10 years at the end ofMay 1987
(- - -steroids plus cyclosporin A, steroids plus
azathioprine).
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Growth and endocrine function after renal transplantation 1329

3 p<005) and 5-<10 (0-40 (0.10), p<O.001), a
decrease in age group Bl0-:14 (-0-74 (0-12),

2 p<O-OOl) and no significant difference in girls >14
T T (0.04 (0-23)). The height velocity SDS in the

fnI10-l-614 age group was significantly lower com-

pared with the other age groups (F=8-82, df
between groups was 3 and within groups was 105,

0 j p<0Ol). There was no significant difference between
> 0 the glomerular filtration rate (ml/min/1-73 m2) at
.C age 11 years (60 (3-6)) and at age 14 years (65 (5.5)),
I1 T T and no correlation between height velocity and

1- I glomerular filtration rate in the children undergoing
overnight profiles.

-2 Ten of the 16 boys over the age of 14-0 years and
Boys * <5 5-<11 >11-,15 >15 six of the 19 girls over the age of 13-3 years were

below the third centile for pubertal development.4
Girls 0 < 5 5- <10 >10-<14 >14 Bone age compared with chronological age (both in

Age range (years) years) in these subjects was delayed in both sexes;
Fig 3 Mean (SE) height velocity SDS at different age mean bone age minus mean chronological age (range):
ranges post renal transplantation. boys -2.0 (-4.0 to 0.0), girls -1.1 (-4-8 to 1-2).

Height SDS at the time of transplantation and at
yearly intervals thereafter are shown for the pre-

pubertal children in fig 1, and for the older children
in fig 2. An arbitrary division at the age of 11 years

in the boys and 10 years in the girls at the time of the
last examination was chosen to examine the effect of
puberty. In both boys and girls after the initial
improvement in height SDS there was a subsequent
fall at the time of the expected pubertal growth
spurt, with the beginning of a recovery in some

adolescents near adulthood. There appeared to be
no difference in the growth patterns between
immunosuppressive regimens 1 and 2.
To examine the effect of puberty on growth more

closely, both sexes were subdivided into the follow-
ing chronological age groups (years): boys, <5,
5-<11, B11-A15, and >15; girls, <5, 5-<10,
310-614, >14. Height velocity SDS at yearly
intervals from the time of transplantation was
measured in each subject and the mean for all
subjects calculated in each age grouping. The results
are shown in fig 3. In the boys height velocity SDS at
yearly intervals was significantly greater compared
with the normal population in age group <5 (1-58
(0-46), p<0-001) and 5-<11 (1-58 (0-22), p<0001);
at age 11-<15 it was significantly less (-0.88 (0.26),
p<OOOl); after 15 there was no significant differ-
ence (0.68 (0-52)). The height velocity SDS in the
>11-15 age grouping was significantly lower
compared with the other age groups (F=18-6, df
between groups was 3 and within groups was 162,
p<O-Ol). A similar picture was seen in the girls with
a high height velocity SDS compared with the
normal population in age groups <5 (0-41 (0-20),

OVERNIGHT HORMONE PROFILES
Clinical details of the subjects in whom overnight
profiles were performed are given in table 1. All
subjects slept through the study with normal patterns
on electroencephalography.6 Data of hormone pro-
files from a control group were lacking. Various
studies over the last 15 years, however, have
suggested an appreciable increase in pulsatility of
growth hormone and gonadotrophins during the age
range associated with normal puberty.10 5 Visual
comparison with these documented profiles and
profile analysis suggested that one girl (patient 4)
and seven boys (patients 5, 9, 11, 12, 13, 16, and 17)
had decreased secretion of growth hormone (table
2). There was a significant correlation between the
height velocity over the previous six months
(cm/year) and area of growth hormone under the
curve (mUll/hour) (r=0-60, p=OOl), the mean
growth hormone concentration (r=0.60, p=O-Ol),
and the growth hormone mean peak amplitude
(r=0-80, p=00001). There was no correlation
between either the steroid dose (mg/M2) or the
glomerular filtration rate and growth velocity or any
parameters of growth hormone. All concentrations
of insulin like growth factor 1 were within normal
limits for age and sex. Secretion of luteinising
hormone was low in two girls (patients 1 and 2) and
six boys (patients 9, 12, 13, 15, 16, and 17), with
reduced pulsatility in one other boy (10). There was
no correlation between the area of luteinising
hormone under the curve (IU/l/hour), mean lutein-
ising hormone concentration or mean peak amplitude
of luteinising hormone and either height velocity,
glomerular filtration rate, steroid dose, or any
parameters of growth hormone. Follicle stimulating
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1330 Rees, Greene, Adlard, Jones, Haycock, Rigden, Preece, and Chantler

Table 2 Overnight hormone profile analysis for growth hormone and insulin like growth factor I concentrations in
17 adolescents with renal transplants

Patient
No

Area
under curve

(mUlIlhour)

1

2
3
4

1154
697
1130
90

5

6
7
8
9
10
11
12
13
14
15
16
17

226
2606
1329
1156
351
469
102
185
212
862
999
107
331

Mean growth
hormone
(m Ull)

18-9
11*4
18 3
1-6

3-8
41-9
20-2
19-0
5-4
7-8
1-7
3-4
3-5

14-1
17-2
1-8
5-5

Pulses

No

Girls
5

5

3
3

Boys
3
3
3
4
5

3
3
3
2
2
4
1
1

Mean amplitude
(mU/I)

43-2
16-6
30-5
2-2

8-6
50-0
47.7
30-5
12-9
17-7
2-3
10-6
9-0

27-8
33.7
8-6

16-7

Mean insulin
like growth
factor 1

(U/mI)

1 7
2-1
1-8
1-9

1.1
1-5
1-6
1-9
2-2
1 8
1-1
1-4
1-3
1-9
3.4
1-3
20

hormone concentrations was low, with reduced
pulsatility in one girl (patient 2) and nine boys
(patients 5, 7, 8, 9, 10, 12, 13, 14, and 16).
Concentrations of testosterone were below 3 0
nmol/l in eight boys. Testosterone correlated
significantly with the area of growth hormone under
the curve (r=0.83, p=00004), mean growth hor-
mone concentration (r=0*83, p=0.0005), and mean
peak amplitude of growth hormone (r=0-75,
p=0-003). Testosterone was only weakly correlated
with the area of luteinising hormone under the curve

(r=0.50, p=0-08), mean luteinising hormone con-
centration (r=0-50, p=0*08), and mean peak
amplitude of luteinising hormone (r=0-60, p=0-035)
but not with luteinising hormone pulse number.

There was no correlation between testosterone and
height velocity or glomerular filtration rate. Prolactin
secretion was within normal limits for all subjects
(table 3). Examples of the overnight profiles from
two boys of similar age and both in mid puberty are
shown in fig 4. Patient 6 was growing at a rate of 5-1
cm/year and had normal growth hormone and
luteinising hormone pulsatility, whereas patient 17,
who was growing at only 1-4 cm/year had pronounced
blunting of growth hormone and gonadotrophin
secretion.

Discussion

We have shown that acceleration of growth can be

Table 3 Overnight profile analysis for luteinsing hormone, follicle stimulating hormone, testosterone, and prolactin.
Results are mean (range)

Luteinsing hormone Follicle stimulating hormone Testosterone Prolactin
(nmolll) (m U/I)

Area Mean Pulses Area Mean Pulses
under curve (lUll) under curve (lU/I)
(IU/IIhour) No Mean (lU/llhour) No Mean

amplitude amplitude

Girls
397 6-7 2 2-7 277 4-6 6 1-9 - 397
(83-1057) (1.4-17-7) (0-4) (0-6-4) (77-475) (1.3-7-8) (0-10) (0-4-5) (103-809)

Boys
255 4-3 2 2-1 127 2-1 2 0-6 4-3 235
(51-460) (1.0-7-7) (0-5) (0-5-6) (54-272) (0.9-4-7) (0-11) (0-2-7) (0.3-21-3) (111-388)
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Growth and endocrine function after renal transplantation 1331

Patient 6 P4,G3, A2 12/12 15 .2yers

I

2000 2200 2400 0200 0400 0600 2000
Clock time (hours)

Patient 17 P4,G3,A2 12/10 15.5years

2200 2400 0200 0400 0600
Clock time (hours)

Fig 4 Overnight hormone profiles in a boy who is growing satisfactorily (patient 6) and in a boy who is growing
poorly (patient 17). P=pubic hair stage, G=genital stage, A=axillary hair stage, -/-=testicular volumes.4

achieved in prepubertal children after renal trans-
plantation, as suggested previously from our own16
and other centres.17 18 Recent studies have sug-
gested better growth rates in patients taking cyclo-
sporin A and low dose steroids than in those
receiving azathioprine and high dose steroids.19 20
Multiple confounding factors, however, such as
heterogeneity of diagnoses, age at onset of chronic
renal failure, age at transplantation, number of
rejection episodes, graft function, bone age, the
onset of puberty, live related or cadaver donor, and
in our patients alteration of the immunosuppressive
regimen over the years, makes us reluctant to
investigate the question with our data. Visual
inspection of the growth patterns does not, however,
show any obvious difference, and there is no
correlation between growth rates and steroid dose in
the adolescents undergoing overnight profiles.

It is clear that after the initial acceleration
prepubertally, growth velocity declines in early
adolescence and there is a delay in both boys and
girls in the appearance of secondary sexual charac-
teristics. Poor growth during puberty has been
reported previously.21 Deteriorating allograft func-

tion did not contribute to this declining growth rate
in our adolescents. The onset of normal puberty is
associated with increasing pulsatility of both growth
hormone and gonadotrophin secretion.1>15
Appreciable blunting of both growth hormone and
gonadotrophin secretion was seen in a high propor-
tion of our subjects, who were studied because of
short stature or delayed puberty or both. Concentra-
tions of insulin like growth factor 1 were normal, but
their interpretation in renal disease is unclear.22
Concentrations of plasma testosterone were low in
over half the boys studied. There was no evidence
that prolactin (which at high levels has been reported
to decrease luteinising hormone pulsatility in men23)
was responsible, as values were within normal
limits.24

Abnormalities of pubertal growth and hormone
secretion do not appear to be a feature of chronic
renal failure itself.22 2927 We have observed, how-
ever, blunting of the overnight secretion of growth
hormone and gonadotrophins in boys receiving long
term steroid treatment for steroid sensitive nephrotic
syndrome.2 This was also associated with the delayed
onset of puberty. It is likely, therefore, that long
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term steroid treatment interferes with the onset and
progression of puberty and the pubertal growth
spurt. The results of the overnight hormone profiles
indicated that the interference is central, at the
hypothalamic-pituitary end of the axis. The effect
this may have on the final height of children who
have had renal transplants remains unknown; it is
possible that the benefits of the initial good response
in growth is lost to the steroid effects on the pubertal
growth spurt. The picture of delayed puberty,
however, has severe implications in the clinical
management after renal transplantation.

All the transplant patients received long term
alternate day steroid treatment as part of their
immunosuppressive regimen, although as discussed
the dose of steroids varies considerably. Given our
findings it may be advisable to attempt to reduce the
steroid treatment to absolute minimum in those
children approaching the expected onset of puberty.
Indeed, in children with longstanding transplants
and stable function, who are showing a declining
growth rate, it may be advisable to use an immuno-
suppressive regimen that excludes steroids. Alter-
natively, it may be appropriate to attempt to
improve growth with low dose anabolic steroid
treatment or with growth hormone itself.
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Research Fund. SAG is supported by the Wellcome Trust, PA by
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Foundation, and JJ by a grant from the Adint Trust. We thank Dr
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ward.
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