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Short-term anabolic effects 
of recombinant human growth hormone 
in young patients with a renal transplant 

Abstract Renal-transplanted chil- 
dren may present stunted growth, 
negative nitrogen balance (Nb), and 
alterations in body composition. 
Recombinant human growth hor- 
mone (rhGH) is a potent anabolic 
agent which improves nutritional 
status and Nb. In renal-transplanted 
children, rhGH increases growth 
velocity but its effect on nutritional 
status has not been reported. We 
evaluated the effect of 6 months of 
rhGH treatment on Nb, urea nitro- 
gen appearance (UNA), anthropo- 
metric indexes, and growth velocity 
in 14 pediatric patients with a renal 
transplant. Nb improved significant- 
ly ( P  = 0.02) and was accompanied 
by a decrease of UNA. A significant 

improvement was observed also in 
mid-arm muscle circumference 
( P  = 0.002), arm muscle are 
( P  = O.OOl), and arm fat are 
( P  = 0.017). Growth velocity in- 
creased in prepubertal patients 
( P  = 0.003). Creatinine clearance 
and the number of rejection epi- 
sodes were not affected by rhGH 
treatment. In conclusion, short-term 
administration of rhGH improves 
Nb and UNA as well as the main in- 
dexes of body composition. 
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Introduction 

The persistence of growth retardation after successful 
renal transplantation is a serious problem for many pe- 
diatric allograft recipients. These patients may also be 
characterized by alterations in body composition, with 
a negative nitrogen balance (Nb), abnormal plasma 
and muscle amino acid pattern, decreased muscle mass, 
and increased fat mass [8, 16, 17, 23, 261. Multiple fac- 
tors may cause these changes, such as hormonal and 
metabolic alterations, corticosteroid treatment, and in- 
adequate nutrient intake [18,21,23]. 

Recombinant human growth hormone (rhGH) is a 
drug capable of enhancing protein synthesis and de- 
creasing protein degradation [3], and of improving Nb 
and body composition in growth hormone deficiency 
and in various catabolic states such as severe burns, sep- 
sis, post-operative conditions, chronic lung disease, and 

total parenteral nutrition [4, 12, 241. Horber and Hay- 
mond [7] found that, in healthy volunteers, rhGH may 
have a definite role in preventing the protein loss associ- 
ated with the administration of pharmacological doses 
of glucocorticosteroids. Other studies on the use of 
rhGH in adult uremic patients have reported decreased 
urea nitrogen appearance (UNA) and protein catabolic 
rate as well as an improvement of Nb in chronic hemodi- 
alysis and peritoneal dialysis patients [lo, 11,271. 

Although the beneficial effect of rhGH on growth in 
uremic and kidney-transplanted pediatric patients has 
been clearly demonstrated [9, 151, its influence on body 
composition and Nb in such patients needs validation. 
This study was designed to evaluate the short-term ef- 
fects and safety of rhGH on Nb, body composition, and 
statural growth in pediatric patients with renal trans- 
plant. 
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Materials and methods 
2oo 1 

Fourteen pediatric patients, ten male and four female, with a func- 
tioning renal transplant participated in the study. Their mean age 
at  the beginning of rhGH treatment was 13.4 k 2.3 years, with a 
post-transplant follow up of 4.4 f 7.7 years. Nine patients were pre- 
pubertal and five pubertal. They were on immunosuppressive ther- 
apv with cyclosporine A (5.09 * 1.56 mgikg per day) and methyl- 
prednisolone (0.17 f 0.07 mgikg per day). 

The patients were selected for rhGH treatment on the basis of 
the following criteria: growth retardation defined as height stan- 
dard deviation score < - 2 and/or height velocity < 25 th percentile 
lor chronological age: a functioning renal transplant for at  least 
17 months. with stable function for a t  least 6 months: the first sign 
o f  puberty in pubertal patients not more than 1 year previously; 
n o  clinical or biochemical signs of endocrine diseases or malignan- 
cy; no previous anabolic or sex steroid treatment. 

The patients were treated with rhGH 30 IUlm’ of body surface 
areaiweek in daily subcutaneous administration for 6 months. In- 
formed consent was obtained from the parents for each patient pri- 
or to their entry into the study. 

At baseline and after 6 months of rhGH treatment, the follow- 
ing indexes were determined: Nb, LJNA, protein and calorie in- 
takes, body composition, and height velocity. The Nb study period 
lasted for 3 days. Nb was defined as nitrogen intake minus U N A  
minus non-urea nitrogen output. Nb was calculated by a dietitian 
o n  the basis o f  a 3-day diary kept by the parents. U N A  was defined 
as the sum o f  urinary urea nitrogen and the change in body urea ni- 
trogen, and non-urea nitrogen excretion as the sum of fecal nitro- 
gen plus the difference between total urinary nitrogen and urinary 
urea nitrogen. Urine and feces were collected over 3 consecutive 
days. Urines were analyzed for nitrogen, urea, and creatinine. Ni- 
trogen content in urine and feces was measured by the Kjeldhal 
method [ l ,  13, 141. Nb was not adjusted for unmeasured losses in 
the skin, respiration, flatus. and blood samples. N o  patients had 
a n y  infection, proteinuria or graft rejection at  the time of the study. 
Height was measured with a Harpender stadiometer and height ve- 
locity was expressed as centimeters per 6 months. Weight was ex- 
pressed as body mass index (BMI) [6]. Muscle mass and body fat 
reserve were evaluated as mid-arm muscle circumference 
(MAMC).  arm muscle area (AMA) ,  and arm fat area (AFA)  [5] .  
The anthropometric indexes were expressed as SD score for chro- 
nological age. 

Renal transplant function was evaluated by creatinine clear- 
ance, calculated according to  Schwartz et  al. [ l Y ] ,  and episodes of 
rejection were recorded. 

Pubertal stage was determined according to Tanner and White- 
house [20]. 

Results are expressed as mean f SD. Statistical analysis as car- 
ried out using Student’s f-test. A Pvalue < 0.05 was considered sig- 
nificant, 

-loo-> 
Before rhGh After rhGh 

Fig. 1 Nitrogen balance ( N h )  in individual pediatric patients with 
renal transplant before and after recombinant human growth hor- 
mone (rhGH) treatment 

Table 1 Urea nitrogen appearance ( U N A ) ,  UNAiN intake, and 
nitrogen balance (Nh )/N intake in pediatric patients with renal 
transplantation before and after recombinant human growth hor- 
mone (rhGHj treatment. Values are mean k SD 

Nitrogen parameter Before rhGH After rhCH P 

U N A  714.1 f 57.8 1Y0k 73.2 0.06 
(mgikgper day) 
UNAiN intake 0.89 f 0.15 0.70 k 0.13 0.0001 
Nb/N intake - 0.047 f 0.14 0.140 T 0.13 0.0001 

Table 2 Body composition and growth velocity in pediatric pati- 
ents with renal transplant before and after recombinant human 
growth hormone ( rhCH) treatment. Values are mean ? SD (SDS  
standard deviation score, n. s. not significant) 

Parameter Before rhCH After rhGH P 

Mid-arm muscle 
circumference SDS - 1.08 & 0.70 - 0.83 f 0.77 0.007 
Arm muscle area SDS - 1.19 f 0.64 - 0.8Y f 0.66 0.001 
Arm fat area SDS - 0.41 2 0.71 - 0.7h f 0.35 0.017 
Body mass index SDS - 0.31 f 1.40 ~ 0.46 f 1.23 n.s. 
Growth velocity 
(cnii6 months) 
Prepubertal 0.96 f 0.73 7.92 t 1.25 0.003 
Pubertal 1 3  f 1.08 1.44 ? 1 .OY n. s. 

Results 
All children completed the study. 
Nb, evaluated in nine patients, improved significantly 
after 6 months of rhGH treatment from - 5.6 k 51.1 to 
45.7 ? 51.1 mg/kg per day ( P  = 0.0231). The improve- 
ment of Nb (Fig. 1) occurred in all patients, and negative 
N b  before rhGH became positive after 6months of 
therapy except in one patient in whom Nb improved, al- 
though it remained negative. Daily protein intakes, esti- 

mated by diet diaries, increased slightly during the treat- 
ment period (1.55 * 0.37 versus 1.73 * 0.64 g/kg per 
day), as did daily calorie intake (41 k 9 versus 4 7 f  
16 kcal/kg per day): these changes were not significant. 

During the treatment period. UNA values fell but 
not significantly, and there was a significant improve- 
ment in the ratios between UNA and nitrogen intake 
and between Nb and nitrogen intake (Table 1). As re- 
ported in Table 2, MAMC, AMA, and AFA all showed 
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a significant increase and mean height velocity im- 
proved significantly in the prepubertal children al- 
though not in the pubertal ones. No significant changes 
of BMI occurred during the study. No child progressed 
to puberty on rhGH treatment. 

Mean calculated creatinine clearance did not vary 
significantly in the 6 months of the study (52.27 k 13.50 
versus 54.69 k 15.13 ml/min per 1.73 m’). None of the 
patients had an acute injection episode during the study. 
The subcutaneous injections were well tolerated and no 
clinically evident adverse side effects were observed. 

Discussion 

Renal transplantation in childhood is often character- 
ized by alterations in nutritional status including stunted 
growth, decreased muscle mass, increased fat mass, ab- 
normal plasma and muscle amino acid pattern, and neg- 
ative Nb [a, 16, 17, 23, 261. 

rhGH treatment exerts a favorable effect on protein 
turnover in catabolic patients with normal renal func- 
tion [3,  7, 12, 241 as well as in adult uremic patients [lo,  
11, 271. In pediatric patients with renal transplant, 
rhGH improves growth velocity [9, 151 but knowledge 
of its effect on nutritional status, particularly on Nb, is 
incomplete. The present study revealed that short-term 
rhGH treatment induces a significant improvement in 
Nb and body composition in such patients as well as in 
growth velocity in prepubertal ones. The improvement 
in Nb occurred in all our patients and values became 
positive in all but one. 

The anabolic effect of rhGH treatment is confirmed 
by the observation of a decrease in UNA and the ratio 
between UNA and nitrogen intake, both indexes of pro- 
tein catabolism, and an increase in the ratio between Nb 
and nitrogen intake, an index of net protein utilization 
[ 2 S ] ,  with a slight increase of protein intake. These find- 
ings, not described so far in patients with renal trans- 
plant, are consistent with the previously demonstrated 
effect of rhGH in catabolic patients with normal and im- 
paired renal function [4,7, 8, 11, 17. 24,371. 

The change in Nb was accompanied by a significant 
improvement of both muscle and fat mass, asshown by 
increases in M A M C  and A M A  and a decrease in AFA. 
These findings are in line with the few available studies 
on children with renal transplants [2,21]. 
As already reported in children after renal transplan- 

tation [9], growth was stimulated significantly by rhGH 
treatment but only in our prepubertal patients, in 
whom height velocity was doubled. Growth did not im- 
prove in our pubertal patients. Height improvement 
has been observed in growth-retarded adolescents after 
renal transplantation [9] but a less consistent effect was 
reported by other authors [22].  

We did not observe graft rejection or deterioration of 
creatinine clearance during the 6 months of rhGH treat- 
ment but this period was relatively short. 

In conclusion, in pediatric patients with renal trans- 
plant, short-term rhGH therapy not only induces an im- 
provement of growth but also has an anabolic effect and 
may also improve nutritional status. 
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