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Abstract. The availability of recombinant human ery- 
thropoietin (rhuEPO) has dramatically improved the care of 
children with chronic renal failure (CRF). Its use provides 
the opportunity to determine the relative contribution of 
anemia to the morbidity of CRF. Growth retardation, one of 
the most significant complications of CRF in children, is 
the consequence of several inter-related processes, includ- 
ing decreased protein and energy intake, metabolic bone 
disease, endocrine abnormalities, and anemia. The litera- 
ture on the use of rhuEPO in children and data from a 
United States phase HI double-blind, placebo-controlled 
study of rhuEPO in pediatric dialysis patients are reviewed 
to determine the effect of rhuEPO treatment on the nutri- 
tional status and growth of children with CRF. Despite 
subjective increases in appetite, there were no consistent 
improvements in dietary intake or anthropometric measures 
observed during rhuEPO treatment. Children gained weight 
during rhuEPO treatment; however, this was not generally 
associated with increased weight standard deviation scores. 
There was an improvement in growth velocity in some 
children; however, improvements in height standard de- 
viation scores were infrequently seen. On review of the 
available literature, correction of anemia with rhuEPO has 
not been shown to improve the growth of children with 
CRF. 
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Potential role of anemia in the growth failure of children 
with chronic renal failure 

Most children with chronic renal failure (CRF) develop a 
normochromic, normocytic anemia by the time that their 
glomerular filtration rate has decreased to between 20 and 
35 ml/min per 1.73 m 2 [1]. Insufficient renal erythropoietin 
synthesis is the primary cause of the anemia, with addi- 

tional contributions from inhibition of erythropoiesis, de- 
creased erythrocyte survival, and blood loss. Recombinant 
human erythropoietin (rhuEPO) overcomes these factors, 
ameliorates the anemia, and eliminates the need for blood 
transfusions in most patients [2]. In addition to dramatically 
improving the care of children with CRF, the availability of 
rhuEPO provides the opportunity to determine the relative 
contribution of anemia to the morbidity of CRF. 

Multiple factors are thought to limit growth in children 
with CRF, including decreased protein and energy intake, 
metabolic bone disease, endocrine abnormalities, and ane- 
mia [3-5].  The endocrine abnormalities, which are re- 
viewed elsewhere in this symposium, include alterations in 
the growth hormone/insulin-like growth factor (IGF) axis 
[6, 7]. The contribution of each of these factors is likely to 
vary among children of different ages and those with dif- 
ferent primary renal diseases. In addition, these abnormal- 
ities are not independent, as anemia may contribute to an- 
orexia and the resultant inadequate nutrition. Malnutrition 
may contribute to the endocrine alterations of CRF. As no 
one growth-inhibiting factor is present in isolation, the 
relative contribution of each to growth retardation cannot 
readily be determined. 

In order to determine the role of anemia in growth 
failure, a review o f  the growth patterns of children with 
non-renal causes of anemia may be applicable. Children 
with sickle cell disease and thalassemia have inadequate 
growth [8, 9]. Specialized growth charts have been devel- 
oped for children with sickle cell anemia. In addition, im- 
proved growth has been shown in children with thalassemia 
treated with hypertransfusion protocols [9]. The improve- 
ment is thought to be due to elimination of the increased 
energy demands for marrow activity and cardiovascular 
compensation for anemia. 

The initial trials of rhuEPO in adults described im- 
provements in appetite, so potential improvements in nu- 
tritional status and growth were anticipated in children [2]. 
It had been anticipated that children would feel better and 
have increased dietary intake resulting in improved growth. 
Improved nutrition might also improve the depressed 
bioactivity of IGF-I seen in these children. Prior to the 



Table 1. Effects of recombinant human erythropoietin (rhuEPO) correction of anemia on nutrition 

Report Patient number/ Appetite Dietary energy Dietary protein Midarm Triceps skin 
treatment intake intake circumference fold thickness 

Campos and Garin [13] l lH  + + + 
Morris et al. [181 1H / 9P / 1C +/ . . . . .  
Navarro etal. [ 1 4 ]  5 H / 7 P / 1 1 C  + 
Scigalla et al. [19] 43H / 8P +/- 
Sinai-Trieman et al. [15] 5P + 
Stefanidis et al. [17] 10P + . . . .  
Warady et al. [16] 9P + - - 
U. S. multicenter trial 24H / 38P - - 
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H, Hemodialysis; P, peritoneal dialysis; C, conservative treatment prior to dialysis; +, improvement or increase during rhuEPO treatment; -, no 
change during rhuEPO treatment; +/-, improvement in some children; an empty space indicates that the variable was not assessed in the report 

introduction of  rhuEPO, it was reasonable to speculate that 
the amelioration of anemia would improve growth directly 
through improved tissue oxygenation or indirectly through 
improved nutrition. Now that there are several years of  
experience with rhuEPO we can answer the question: "does 
the correction of anemia with erythropoietin improve 
growth in uremic children?" 

This review will look at the current evidence for an 
effect of  correction of anemia on appetite, dietary intake, 
nutritional status, weight gain, and growth. The data as- 
sessed are derived from trials of  rhuEPO in children, in- 
cluding results of  the United States multicenter trial of  
rhuEPO in pediatric dialysis patients [10, 11]. 

Overview of United States multicenter trial of rhuEPO 
in pediatric dialysis patients 

This controlled trial of  rhuEPO in pediatric hemodialysis 
and peritoneal dialysis patients was conducted f rom Octo- 
ber 1990 to September 1993 with the primary goal of  de- 
termining the safety and efficacy of rhuEPO in children. 
The study included 113 children at 15 United States sites 
who were randomized for a 12-week study period to 
rhuEPO or placebo. Prior to starting rhuEPO treatment, the 
mean hematocrit  (Hct) in those on hemodialysis was 21% 
and those on peritoneal dialysis 22%. After the 12-week 
placebo-controlled period all patients received rhuEPO. 
After 24 and 36 weeks of  rhuEPO the mean Hct  in both the 
hemodialysis and peritoneal dialysis patients was 31% [10]. 
The data to be reviewed include 3-day dietary histories and 
growth data collected every 12 weeks throughout the study. 

The patient diaries were reviewed centrally by a registered 
dietitian and entered into Computrition, a software program 
for calculation of nutritional parameters.  The dietary intake 
was compared to the recommended dietary allowances 
(RDA) based on chronological age (Recommended Dietary 
Allowances, 10th edition, 1989). Standardized height and 
weight scores (SDS) were computed using the means and 
standard deviations of  height and weight for age and sex for 
normal subjects published by the National Center for 
Health Statistics [12]. Paired t-tests were used to determine 
the differences between dietary intakes, weights, and 
heights at baseline and during rhuEPO treatment. The 
number  of  patients with complete data for each analysis 
varies. 

Effect of correction of anemia on appetite and dietary 
intake 

On the basis of  early adult trials an increase in appetite was 
anticipated [2]. The reports of  pediatric trials that assessed 
appetite changes during rhuEPO treatment are listed in 
Table 1. In the reports by Campos and Garin [13], Navarro 
et al. [14], Sinai-Trieman et al. [15], Warady et al. [16], and 
Stefanidis et al. [17] there was a subjective increase in 
appetite in all patients. The change in appetite was assessed 
using serial questionnaires in other studies [18, 19]. Morris 
et al. [18] noted a marked increase in appetite in some 
children, which was reversed during a cross-over to placebo 
treatment. In the 1989 report of  a European multicenter 
trial, 37% of the patients had increased appetites [19]. 

Table 2. Effects of rhuEPO correction of anemia on growth 

Report Patient number/ Weight gain Weight SDS Growth Height SDS 
treatment velocity 

Morris et al. [18] 1H / 9P / 1C +/- 
Navarro et al. [14] 5H / 7P / l lC  + 
Offner et al. [22] 14P + _ _ 
Rees et al. [24] 6H +/_ 
Scharer et al. [25] 11 C + _ +/_ 
Scigalla et al. [19] 43H / 8P + 
Schaefer et al. [23] 108H / 12P +/_ +/_ 
Stefanidis et al. [17] 10P 
U. S. multicenter trial [11] 32H / 49P 

SDS, Standard deviation score 
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Despite increases in appetite, consistent increases in the 
dietary intake of calories or protein have not been observed. 
Morris et al. [18] collected 3-day dietary histories every 
12 weeks and found an increase in energy intake in some 
children without a significant increase in the mean intake 
for the group. There was no increase in protein intake. 
There was no improvement in intake in the reports of  
Warady et al. [16] and Stefanidis et al. [17]. Of note, in the 
study of Stefanidis et al. [17] there was no evidence of 
malnutrition at the start of rhuEPO treatment [17]. It was 
suggested that "normal" intakes for age would not be in- 
creased with rhuEPO treatment. 

Analysis of dietary intake in the United States trial 
showed similar results. The baseline caloric intake was 
65% •  of the RDA (mean, SE) and the protein intake 
was 120% •  of  the RDA. During rhuEPO treatment 
there was no significant change in the caloric (73% •  of 
RDA) intake, although the protein (140%•  of RDA) 
intake increased (p =0.04). There was no difference in the 
baseline intakes or the effect of rhuEPO treatment between 
those on peritoneal dialysis and those on hemodialysis. 
There was a non-significant trend to a greater increase in 
energy intake for those with the lowest baseline intakes. 

Estimation of nutritional intake with dietary diaries may 
be inaccurate, because the data are collected from multiple 
observers and are often incomplete and imprecise. Another 
approach is the measurement of  the protein catabolic rate 
(PCR). Serial PCR measures were obtained in stable pe- 
diatric hemodialysis patients receiving rhuEPO [20, 21]. 
The PCR increased in some patients during rhuEPO treat- 
ment, suggesting increased protein intake. 

The effect of correction of anemia on nutritional status 
has also been assessed through anthropometric measures. 
There are three reports of serial anthropometric measures 
during rhuEPO treatment (Table 1) [13, 17, 18]. The mid- 
arm circumference is a measure of lean body mass and the 
triceps skin fold thickness is used to assess body fat. In one 
study of 11 hemodialysis patients, a 5% increase in midarm 
circumference was noted with a 15% increase in triceps 
skin fold thickness after 3 months [13]. There was no fur- 
ther improvement subsequent to that. Morris et al. [18] 
found a non-significant increase in midarm circumference 
without a change in triceps skin fold thickness; Stefanidis et 
al. [17] reported no change in either parameter. 

09 

�9 Baseline 

F ; ~ 3 6  Weeks 

Fig. 1. Mean weight standard deviation scores (SDS) at baseline (solid 
bars) and after 36 weeks on recombinant human erythropoietin 
(rhuEPO) (hatched bars). In this analysis, there were 11 children 
< 5 years of age, 45 children 5-14 years, and 24 children 15-17 years. 
The standard errors are indicated. * P < 0.02 baseline vs. treatment 
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Fig. 2. Mean height SDS at baseline (solid bars) and after 36 weeks on 
rhuEPO (hatched bars). In this analysis, there were 11 children 
<5 years of age, 45 children 5-14 years, and 24 children 
15-17 years. The standard errors are indicated. * P <0.03 baseline 
vs. treatment 

Effect of correction of anemia on weight gain 

Assessments of changes in weight have included measures 
of absolute weight gain as well as changes in weight SDS 
(Table 2). There was a significant weight gain during 
rhuEPO treatment each time it was assessed [14, 19, 22, 
23]. In most reports there was no change in the weight SDS. 
However, Morris et al. [18] found an increase in weight 
SDS in some children without a significant increase in the 
mean SDS. In the United States multicenter trial there was 
no change in the mean weight SDS over the 36-week 
treatment period (-1.5 • 0.2 vs. -1.6 + 0.1) [11]. There was 
no difference between children receiving hemodialysis and 
those on peritoneal dialysis. There was no improvement in 
weight SDS in any age group (Fig, 1). 

Effect of correction of anemia on growth 

Growth was measured as a change in the growth velocity or 
the height SDS (Table 2). There was an acceleration of 
growth in some children [23, 24]. In one report the growth 
velocity was slightly increased in three prepubertal children 
4 - 8  years of age without a change in three pubertal chil- 
dren [24]. In 11 children receiving conservative treatment 
there was a significant increase in SDS in 2 infants, without 
any change in 4 children 1~ 12 years of age [25]. In the 
European multicenter trial, there were improvements noted 
in some children without a significant change in the mean 
SDS [23]. 

Similarly, in the United States trial, there was a marked 
increase in height in some children without a change in the 



height SDS (Fig. 2) [11]. There was no correlation between 
the baseline energy intake or  the severity of  baseline ane- 
mia and changes in height or weight  SDS. None of  these 
children was receiving growth hormone. 

In summary, a review of  currently available data shows 
that despite subjective increases in appetite, no consistent 
improvement  in dietary intake or anthropometric measures 
has been observed during rhuEPO treatment in children. 
Children gained weight  during rhuEPO treatment; however,  
there was no consistent increase in weight SDS. There was 
an improvement  in growth velocity in some children; 
however,  improvement  in height  SDS was infrequently 
seen. Correction o f  anemia with rhuEPO has not been 
shown to improve the growth of  children with CRE 

Acknowledgements. The following were the principal investigators for 
the United States multicenter rhuEPO trial: Steven R. Alexander, 
Children's Medical Center, Dallas; Jerry Bergstein, J. W. Riley Hos- 
pital for Children, Indianapolis; Ben H. Brouhard, Cleveland Clinic 
Foundation, Cleveland; Shermine Dabbagh, Children's Hospital of 
Michigan, Detroit; Aaron Friedman, University Of Wisconsin Hospital, 
Madison; Kathy Jabs and William Harmon, Children's Hospital, 
Boston; Edward Kohaut, University of Alabama Medical Center, 
Birmingham; Craig B. Langman, Children's Memorial Hospital, Chi- 
cago; Gary Leruer, Children's Hospital Los Angeles, Los Angeles; 
Mark I. Mentser, Children's Hospital, Columbus; Martin Polinsky, St. 
Christopher's Hospital for Children, Philadelphia; Edward J. Ruley, 
Children's Hospital National Medical Center, Washington, D. C.; Jose 
Strauss, University of Miami/Jackson Memorial Medical Center, 
Miami; Isidro Salusky, UCLA School of Medicine, Los Angeles; Amir 
Tejani, SUNY Health Science Center, Brooklyn; Bradley A. Warady, 
Children's Mercy Hospital, Kansas City. The United States multicenter 
pediatric rhuEPO study was supported by Amgen, Thousand Oaks, 
Calif., USA. The analysis plan for the nutritional data was developed 
by Steven Alexander, in conjunction with the biostatisticians at Phar- 
maco, LSR, Austin, Texas, USA, 

References 

1. McGonigle RJS, Boinean FG, Beckman B, Oheue-Frempong K, 
Lewy JE, Shadduck RK, Fisher JW (1985) Erythropoietin and 
inhibitors of in vitro erythropoiesis in the development of anemia 
in children with renal disease. J Lab Clin Med 105:449-458 

2. Eschbach JW, Abdulhadi MH, Browne JK, Delano BG, Downing 
MR, Egrie JC, Evans RW, Friedman EA, Graber SE, Haley NR, 
Korbet S, Krantz SB, Lundin AP, Nissenson AR, Ogden DA, 
Paganini EP, Rader B; Rutsky EA, Stivelman J, Stone WJ, Teschan 
R Van Stone JC, Van Wyck DB, Zuckerman K, Adamson JW 
(1989) Recombinant human erythropoietin in anemic patients with 
end-stage renal disease. Results of a phase III multicenter clinical 
trial. Ann Intern Med 111:992--1000 

3. Potter DE, Greifer I (1978) Statural growth of children with renal 
disease. Kidney Int 14:334-339 

4. Kleinknecht C, Broyer M, Huot D, Marti-Henneberg C, Dartois 
AM (1983) Growth mad development of nondialyzed children with 
chronic renal failure. Kidney Int 24 [Suppl 15]: $40-$47 

5. Rizzoni G, Basso T, Setani M (1984) Growth in children with 
chronic renal failure on conservative treatment. Kidney Int 
26:52-58 

6. Blum WE Ranke M, Kietzmann K, T/3nshoff B, Mehls O (1991) 
GH resistance and inhibition of IGF activity by excess IGF- 
binding proteins in uremia, Pediatr Nephrol 5:539-544 

7. Powell DR, Liu F, Baker B, Lee PD, BelSha CW, Brewer ED, 
Hintz RL (1993) Characterization of insulin-like growth factor 

327 

binding protein-3 in chronic renal failure serum. Pediatr Res 
33:136-143 

8. Kramer MS, Rooks Y, Washington L, Pearson HA (1980) Pre and 
postnatal growth and development in children with sickle cell 
anemia. J Pediatr 96:857-860 

9. Kattamis C, Touliatos N, Haidas S, Matsaniotis N (1970) Growth 
of children with thalassemia and effect of different transfusion 
regimens. Arch Dis Child 45:502-505 

10. Jabs K, Alexander S, McCabe D, Lerner G, Harmon W (1994) 
Primary results from the U. S. multicenter pediatric recombinant 
erythropoietin study (abstract). J Am Soc Nephrol 5:456 

11. Van Dop C, Jobs KL, Alexander S, Salusky IB, McCabe D (1995) 
Correction of anemia does not improve growth or endocrine 
function in children with ESRD: a report from the U. S. multi- 
center pediatric recombinant erythropoietin study (abstract). J Am 
Soc Nephrot 6:407 

12. Hamill PVV (ed) (1977) Growth curves for children. DHEW 
publication no. (PHS) 78-1650. National Center for Health Sta- 
tistics, Washington, D. C. 

13. Campos A, Garin Eli (1992) Therapy of renal anemia in children 
and adolescents with recombinant human erythropoietin 
(rhuEPO). Clin Pediatr (Phila) 31:94-99 

14. Navarro M, Alonso A, Avilla JM (I99t) Anemia of chronic renal 
failure: treatment with erythropoietin. Child Nephrol Urol 
11:146-151 

15. Sinai-Ttieman L, Salusky /]3, Fine RN (1989) Use of sub- 
cutaneous recombinant human erythropoietin in children under- 
going continuous cycling peritoneal dialysis. J Pediatr 114: 
550-554 

16. Warady BA, Sabath RJ, Smith CA, Alon U, Hellerstein S (1991) 
Recombinant human erythrop0ietin in pediatric patients receiving 
long-term peritoneal dialysis. Pediatr Nephrol 5:718-723 

17: Stefanidis CJ, Koulieti A, Siapera D, Kapogiannis A, Mitsioni A, 
Michelis K (1992) Effect of correction of anemia with recombi- 
nant human erythropoietin on growth of children treated with 
CAPD. Adv Petit Dial 8:460-463 

18. Morris KP, Sharp J, Watson S, Coulthard MG (1993) Non-cardiac 
benefits of human recombinant erythropoietin in end stage renal 
failure and anaemia. Arch Dis Child 69:580-586 

19. Scigalla P, Bonzel KE, Bulla M, Burghard R, Dippet J, Geisert J, 
Leumann E, Lilien T, Miiller-Wiefel DE, Offner G, Pistor K, 
Zoellner K (1989) Therapy of renal anemia with recombinant 
human erythropoietin in children with end-stage renal disease. In: 
Baldamus CA, Scigalla P, Wieczorek L, Koch KM (eds) Ery- 
thropoietin: from mo!ecular structure to clirfical application. 
Contrib Nephrol 76:227 

20. Pietrzyk JA, Smolnik T, Szymowska M, Dyras P, Lenik J (1992) 
Effect of recombinant human erythropoietin - rHu-EPO on the 
metabolism of children treated by long-term hem0dialysis. Przegl 
Lek 49:55-60 

21. Jabs K, Harmon W (1990) Double-blind, placebo-controlled study 
of the use of Epoetin Alfa in pediatric hemodialysis patients 
(abstract). J Am Soc Nephrol 1:400 

22. Offner G, Hoyer PF, Latta K, Winkler L, Brodehl J, Scigalla P 
(1990) One year's experience with recombinant erythropoietin in 
children undergoing continuous ambulatory or cycling peritoneal 
dialysis. Pediatr Nephrol 4:498-500 

23. Scigalla P (199t) Effect of recombinant human erythropoietin 
treatment on renal anemia and body growth of children with end- 
stage renal disease. In: Gurland HJ, Moran J, Samtleben W, Sci- 
galla P, Wieczorek L (eds) Erythropoietin in renal and nonrenal 
anemias. Conttib Nephrol 88:201 

24. Rees L, Rigden SP, Chantler C (1991) The influence of steroid 
therapy and recombinant human erythropoietin on the growth of 
children with renal disease. Pediatr Nephrol 5:556-558 

25. Sch~er K, Klare B, Braun A, Dressel P, Gretz N (1993) Treatment 
of renal anemia by subcutaneous erythropoietin in children with 
preterminal chronic renal failure. Acta Paediatr 82:953-958 


