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Abstract
Background Growth hormone had been applied to treat pedi-
atric renal allograft recipients with growth retardation. In this
systemic review andmeta-analysis, we assess the efficiency and
safety of growth hormone use in post-renal transplant children.
Methods A literature search revealed five prospective ran-
domized controlled trials assessing this therapy, with a total
of 401 patients. The outcomes, including the baseline height
standard deviation score (HSDS), HSDS after a 1-year ther-
apy, delta height standard deviation score (△HSDS), allo-
graft rejection rates and changes in the glomerular filtration
rates (GFR) were analyzed.
Results Pooled data of the five studies showed that 1 year
after the randomized controlled trials, the experimental
group receiving growth hormone had a significantly higher
growth velocity than the control group, with a mean HSDS
difference of 0.68 [95 % confidence interval (CI) 0.25–1.11,
P00.002] between the two groups. The mean difference in
the △HSDS between the treated and control group was 0.52
(95 % CI 0.37–0.68, P<0.00001). The rejection episode
rates were 35/205 and 19/185, respectively (number of patients

with rejection/ total number of patients) (risk ratio 1.56, 95 %
CI 0.97–2.53, P00.07), and the mean difference in the △GFR
was 3.27 ml/min per 1.73 m2 (95 % CI −3.54–10.09, P00.35),
which was not statistically significant.
Conclusions Based on these studies, we suggest that the
application of growth hormone is an effective treatment to
promote the growth velocity of children after kidney trans-
plantation. However, the safety of this treatment needs fur-
ther evaluation.
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Introduction

Renal transplantation is considered to be an optimal therapy
for children with end stage renal disease (ESRD) [1–4].
Growth retardation is a common phenomenon in pediatric
renal allograft recipients [5, 6], and various mechanisms
may account for the failure of these children to achieve normal
or accelerated catch-up growth, including post-transplant glu-
cocorticoid use, disturbed growth hormone/insulin-like
growth factor-I (IGF-I) axis, abnormal allograft function and
secondary hyperparathyroidism [7–10].

Growth hormone therapy is widely used in children showing
growth retardation due to various causes. In a number of pre-
liminary studies, the administration of growth hormone to pedi-
atric patients after renal transplantation has been demonstrated to
improve growth velocity. The safety of growth hormone on
renal function and rejection rates has also been evaluated in
these trials, but with contradictory results. Thus, the efficiency
and safety of growth hormone therapy for children after renal
transplantation remains a concern for clinical practitioners.

Y. Wu :X.-d. Yang :B. Xiang (*)
Department of Pediatric Surgery, West China Hospital,
Sichuan University,
Chengdu, Sichuan Province, China
e-mail: xbljx@hotmail.com

W. Cheng
Department of Paediatric Surgery, Monash Children’s,
Monash Medical Centre, Southern Health,
Melbourne, Victoria, Australia

W. Cheng
Department of Paediatrics and Department of Surgery, Southern
Clinical School, Faculty of Medicine, Nursing and Health
Sciences, Monash University,
Melbourne, Victoria, Australia

Pediatr Nephrol (2013) 28:129–133
DOI 10.1007/s00467-012-2208-7



The aim of our systemic review and meta-analysis was to
identify and analyze high-quality clinical trials of growth
hormone use in pediatric renal allograft recipients. Specifi-
cally, we focused on data on the delta standard height
deviation score (△HSDS), change in the glomerular filtra-
tion rate (△GFR) as an indication of renal function and
rejection episodes of the patients to evaluate the efficiency
and safety of this therapy.

Methods

Inclusion criteria of trials

We included trials that meet all the following criteria for
analysis: (1) the study is a prospective randomized controlled
test (RCT); (2) all participants involved are pediatric renal
allograft recipients (range 0–18 years of age); (3) the study
was designed to compare children receiving or not receiving
recombinant human growth hormone after transplantation; (4)
the following outcome measurements were all or partially
reported: the delta height SDS (standard height), change in
the GFR and rejection episodes of each group during the trial.

Search strategy

We searched MEDLINE (1966 to December 2011), EMBASE
(1980 to December 2011) and the Cochrane Controlled Trials
Register using the following subject heading or keywords:
“pediatric”, “children”, “renal/kidney transplantation”,
“growth”, “height”, “rejection” and “growth hormone.” The
search was restricted to English-language articles. Two
reviewers (YWu and J Pei) independently carried out the search
and analyzed the quality of the studies that met the inclusion
criteria. The reference lists of relevant textbooks, review articles
and abstracts of scientific meetings were also searched.

Data extraction

Each eligible paper was assessed by two reviewers (Y Wu
and J Pei) independently, and the following data were
extracted from each of the RCTs: general information (year,
author, study type and design), baseline information of
patients (age, gender, height SDS before transplant, GFR,
follow-up time, among others), change in height SDS and
SDS at the end of the trial year, allograft rejection episodes
and change in the GFR during the trial.

Statistical analysis

Review Manager 5.0, which was created by the Cochrane
Collaboration for meta-analysis (http://www.cochrane.org),
was used to analyze the statistics. Heterogeneity between

studies was assessed using Cochran’s Q statistic to determine
whether a fixed (P>0.1) or random (P<0.1) effect model
should be used. Continuous (baseline SDS, delta height
SDS, SDS at the end of year and change in the GFR) and
dichotomous (acute rejection episodes) outcomes were
expressed as mean differences and pooled risk ratio (RR),
respectively, with their 95 % confidence intervals (CI). Statis-
tical significance was assessed by the Z test, and the pooled
data were considered to be statistically significant at p < 0.05.

Results

Identification of eligible trials

The initial search yielded a total of 121 potentially relevant
studies. We screened the abstracts of these preliminary results
and excluded 105 of them that were not related with growth
hormone use after pediatric kidney transplantation. After reading
through the full texts of the remaining articles, we then excluded
a further 11 as they were narrative reviews that provided insuf-
ficient numerical results or they were not prospective RCTs.

Trial characteristics

Five randomized controlled trials were ultimately included in
our review, with a total of 401 pediatric renal allograft recip-
ients [11–15]. The characteristics and baseline information of
the five trials are listed in Table 1. Four of the five trials
analyzed the height SDS at the end of the trial year and another
three evaluated the change in the standard height (△HSDS). In
all five RCTs, the rejection episode rates were compared
between two groups of patients during the first post-
transplant year: those receiving growth hormone therapy and
those who did not. Four studies measured the change in renal
function (△GFR; ml/min per 1.73 m2) at the start and end of
the trial year. Placebo was not been used for ethical reasons.

Effect of growth hormone on growth velocity

The meta-analysis of the pooled data showed that growth hor-
mone significantly improved the height SDS 1 year after initi-
ation of the trials. Themean difference of HSDSwas 0.68 (95%
CI 0.25–1.11, P00.002) at the end of the trial year (Fig. 1),
while no statistical difference was noted at the baseline between
the two groups at the start of the year. Themean difference in the
△HSDS was 0.52 (95 % CI 0.37–0.68, P<0.00001).

Rejection episodes

Rejection episode rates were not statistically different during
the trials between patients receiving growth hormone and those
you received no such treatment: 35/205 vs. 19/185 (number of

130 Pediatr Nephrol (2013) 28:129–133

http://www.cochrane.org


patients with rejection/total number of patients). The risk ratio
was 1.56 (95 % CI 0.97–2.53, P00.07) using the fixed effect
model with good homogeneity among the five studies (Fig. 2).

Renal function

Renal function was measured by determining the GFR. The
GFR showed a better improvement in the growth hormone
group versus the no-treatment group, although the

difference was not statistically significant. The mean differ-
ence in the △GFR was 3.27 (95 % CI: −3.54–10.09, P0
0.35) between the two groups (Fig. 3).

Discussion

Growth retardation in children following kidney transplan-
tation had led to many clinical trials on the efficacy of

Table 1 Characteristics of the five randomized controlled trials included in the meta-analysis

Trial Study
design

Patient
number

Age (years) Height
SDS at
baseline

GFR
(ml/min/ 1.73 m2)
at baseline

Time after
Transplant
(months)

Intervention Follow- up

Broyer et al. [11] RCT E 106 12.6±3.4 −3.2±1.4 51±21 43.2±27.6 GH: 1 IU/kg/
week, 2 years

2 years

C 97 12.1±3.1 −3.1±1.1 51±2.1 38.4±28.8 No treatment for
first year as
control, GH for
the second year

Guest et al. [12] RCT E 41 12.2±3.1 −3.3±1 50±18 40±27 GH: 30 IU/ m2/
week, 2 years

2 years

C 44 11.8±3.3 −3.7±1.3 52±20 33±21 No treatment for
first year as
control, GH for
the second year

Maxwell et al. [13] RCT E 13 Prepubertal:13.0±2.6 −3.6±0.1 All: 49 (range:13–117) GH: 0.14 IU/kg/
day, 2 years

2 years
−2.4±1.4

C 9 Pubertal: 15.2 ± 2.4 −3.0±0.8 (n022) No treatment for
first year as
control, GH for
the second year

−2.6±0.2

Fine et al. [14] RCT E 39 8.8±0.5 −2.95±0.16 57.8±2.8 62.1±4.7 GH: 0.14 IU/kg/
day, 30 months

30 months

C 29 10.1±0.6 −2.96±0.18 67.4±4.1 58.9±7.9 No treatment for
first year as
control, GH for
the second year

Sanchez et al. [15] RCT E 12 9.7±4.5 −2±1.1 58±15 All:40.8±30 GH: 0.14 IU/kg/
day, 1 year

1 year

C 11 11±1.8 −2.2±0.8 58±14 No treatment

RCT, Randomized controlled trial; E, experimental group; C, control group; SDS, standard deviation score; GFR, glomerular filtration rate; GH,
growth hormone

Growth hormone in all studies was administered subcutaneously

Study or Subgroup

H Maxwell et al.[13]

G.Guest et al.[12]

R N.Fine et al.[14]

C P.Sanchez et al.[15]

Total (95% CI)

Heterogeneity: Tau² = 0.11; Chi² = 8.28, df = 3 (P = 0.04); I² = 64%

Test for overall effect: Z = 3.08 (P = 0.002)

Mean

-2.66

-3

-2.58

-1

SD

1.17

1.2

0.19

1.1

Total

13

41

30

12

96

Mean

-3.1

-3.7

-2.99

-2.6

SD

0.88

1.3

0.17

1

Total

9

44

22

11

86

Weight

16.0%

26.1%

41.9%

16.0%

100.0%

IV, Random, 95% CI

0.44 [-0.42, 1.30]

0.70 [0.17, 1.23]

0.41 [0.31, 0.51]

1.60 [0.74, 2.46]

0.68 [0.25, 1.11]

Year

1998

1998

2002

2002

Experimental Control Mean Difference Mean Difference

IV, Random, 95% CI

-2 -1 0 1 2

Fig. 1 Forest plot showing standard deviation scores (SDS) at the end of trial year between the experimental (growth hormone) and control groups with
a random effects model
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growth hormone use to attain a better or even normal growth
velocity in these patients. Among those studies evaluating
the effect of growth hormone, we only included the pro-
spective RCTs in our systemic review and meta-analysis.
The results of our analysis of these five RCTs provide
pooled data on the effect and safety of growth hormone
therapy for children receiving a kidney transplant.

The height SDS is used to measure the degree of a child’s
height deviated from the standard height according to a spe-
cific age group. As such, SDS can be applied to compare
growth states among children of different ages and races.
Before the intervention, all children of both groups (treatment
and no-treatment groups) exhibited a negative height SDS,
suggesting a retarded growth state relative to the average
normal height. Our meta-analysis revealed that growth hor-
mone therapy is beneficial in terms of improving the growth
velocity. Four of the five studies provided the control group
with growth hormone after the trial year [11–14]. Growth data
on these children revealed a significantly increased growth
velocity compared with the previous year (no treatment),
although it remained inferior to that of the treatment group
which had been started on growth hormone therapy 1 year
earlier. This catch-up growth phenomenon shown by the delta
height SDS of two groups definitively demonstrates the bene-
fits of growth hormone on height increase of these children
[11–15]. Meta-regression analysis did not reveal a dose–
growth response relationship, and one possible explanation
for this may be the limited number of trials.

The safety of growth hormone therapy was mainly mea-
sured by the rejection rate and renal function change. The five
studies provided conflicting answers to this question. Experi-
mental findings indicated that growth hormone may interact
with the immune system and thus influence the immunological
reaction after transplant [16]. Growth hormone is suspected to
augment the proliferative and cytotoxic responses to promote
the alloantigen reaction during a mixed leukocyte culture.
Several clinical trials [1, 17], including one of the RCTs includ-
ed in our meta-analysis, have also shown that growth hormone
might increase the risk of transplant rejection and accelerate the
decline of the allograft function. In our meta-analysis of all five
RCTs, the rejection rate based on the pooled data was higher in
the treatment group (35/205) group than in the control group
(19/185). Although this difference is not statistically significant
(RR 1.56, 95 % CI: 0.97–2.53), the p value of 0.07, which is
close to the limit of significance, indicates that any conclusion
should be drawn with caution. The change in the GFR of the
patients receiving growth hormone was not inferior to that of
the control group during the trial (P00.35).

Two of the included trials found that having had more than
one rejection episode prior to the growth hormone therapy was
a risk factor for allograft rejection after the initiation of this
therapy [12, 14]. Different previous rejection rates among
patients might be a potential confounding factor in any evalu-
ation of the effects of growth hormone on immune rejection. It
is also possible that inappropriate immunosuppressant regimen
or poorer HLA match or other factors might explain the higher

Study or Subgroup

M Broyer et al.[11]

G.Guest et al.[12]

H Maxwell et al.[13]

C P.Sanchez et al.[15]

R N.Fine et al.[14]

Total (95% CI)

Total events

Heterogeneity: Chi² = 5.65, df = 4 (P = 0.23); I² = 29%

Test for overall effect: Z = 1.82 (P = 0.07)

Events

16

9

8

2

0

35

Total

106

44

13

12

30

205

Events

7

4

5

0

3

19

Total

97

46

9

11

22

185

Weight

33.7%

18.0%

27.3%

2.4%

18.5%

100.0%

M-H, Fixed, 95% CI

2.09 [0.90, 4.87]

2.35 [0.78, 7.09]

1.11 [0.54, 2.29]

4.62 [0.25, 86.72]

0.11 [0.01, 1.95]

1.56 [0.97, 2.53]

Year

1996

1998

1998

2002

2002

Risk RatioRisk RatioControlExperimental

M-H, Fixed, 95% CI

0.01 0.1 1 10 100

Fig. 2 Forest plot comparing rejection episodes between the experimental (growth hormone) and control groups with a fixed effects model

Study or Subgroup

M Broyer et al.[11]

G.Guest et al.[12]

H Maxwell et al.[13]

C P.Sanchez et al.[15]

Total (95% CI)

Heterogeneity: Tau² = 44.29; Chi² = 51.56, df = 3 (P < 0.00001); I² = 94%

Test for overall effect: Z = 0.94 (P = 0.35)

Mean

-2.1

-1

9.9

3

SD

14

5

5.4

2

Total

86

41

12

12

151

Mean

-4.5

-7

-1.6

9

SD

15

1

7.6

5

Total

85

44

9

11

149

Weight

24.6%

26.9%

22.7%

25.8%

100.0%

IV, Random, 95% CI

2.40 [-1.95, 6.75]

6.00 [4.44, 7.56]

11.50 [5.67, 17.33]

-6.00 [-9.16, -2.84]

3.27 [-3.54, 10.09]

Year

1996

1998

1998

2002

Experimental Control Mean Difference Mean Difference

IV, Random, 95% CI

-20 -10 0 10 20

Fig. 3 Forest plot showing the change in the glomerular filtration rate (GFR) (ml/min per 1.73 m2) during the trial year between the experimental
(growth hormone) and control groups with a random effects model
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rates of rejection in these patients—rather than growth hormone
itself. Diagnoses of allograft rejection were confirmed by renal
biopsy in three of the trials [12, 14, 15] and partially by biopsy
in one [11]. One trial did not provide the diagnostic method
[13]. In the trial conducted by Fine RN et al. [14] patients
underwent systematic renal biopsy; a lower rejection rate was
reported. This evidence suggests that different diagnostic meth-
ods of rejection might influence the outcome of any evaluation
of the effects of GH on renal rejection. Consequently, we
suggest that it will be necessary to further evaluate the effects
of GH on rejection, especially in the long term.

The pooled data of our analysis seem to support the notion
that growth hormone use in post-renal transplant children is
safe and does not increase the risk of decline or loss of
function of the allografts.

There are a number of limitations to this systemic review.
Studies such as unpublished trials, abstracts of conferences or
any other works may have been overlooked in our search. The
omission of these potentially related studies may have influenced
our conclusion based on our meta-analysis. In addition, none of
the included RCTs was double-blinded. The dosage of the
growth hormone did not differ greatly among trials, yet whether
a lower dose of drug can work as effectively and safely as a
higher one needs to be explored. All five studies only compared
the growth velocity of two groups for 1 year. Consequently, the
long-term efficiency and safety of growth hormone use on
pediatric renal transplant recipients remain to be evaluated in
future high-quality clinical trials. The effect of growth hormone
on the final height of children also needs to be determined.

In conclusion, the administration of growth hormone in
the post-renal transplant children improves growth. Future
research should focus on its safety on allograft rejection and
renal function in the long term.
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