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Growth Patterns After Kidney Transplantation  
in European Children Over the Past 25 Years:  
An ESPN/ERA-EDTA Registry Study
Marjolein Bonthuis, PhD,1 Jaap W. Groothoff, MD, PhD,2 Gema Ariceta, MD, PhD,3 Sergey Baiko, MD,4  
Nina Battelino, MD,5 Anna Bjerre, MD,6 Karlien Cransberg, MD, PhD,7 Gabriel Kolvek, MD, PhD,8  
Heather Maxwell, MD,9 Polina Miteva, MD,10 Maria S. Molchanova, MD,11 Thomas J. Neuhaus, MD,12  
Lars Pape, MD,13 Gyorgy Reusz, MD, PhD,14 Caroline Rousset-Rouviere, MD,15 Ana Rita Sandes, MD,16  
Rezan Topaloglu, MD,17 Maria Van Dyck, MD,18 Elisa Ylinen, MD,19 Ilona Zagozdzon, MD,20  
Kitty J. Jager, MD, PhD,1 and Jérôme Harambat, MD, PhD21

INTRODUCTION
Growth retardation after pediatric kidney transplanta-
tion (KT) is multifactorial and influenced by the degree of 
pretransplantation growth deficit, primary renal disease, 
presence of comorbidities, age at KT, graft function and 
steroid exposure which interfere with the growth hormone/

insulin-like growth factor 1 axis.1,2 In adults who were 
transplanted during childhood, short stature has a signifi-
cant impact on social and work life.3,4 Moreover, it has 
been reported that more than one-third of young adults 
with childhood-onset end-stage kidney disease (ESKD) 
were dissatisfied with their body height.4 Given the conse-
quences of short stature on quality of life and self-esteem, 
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Original Clinical Science—General

Background. Improved management of growth impairment might have resulted in less growth retardation after pediatric 
kidney transplantation (KT) over time. We aimed to analyze recent longitudinal growth data after KT in comparison to previ-
ous eras, its determinants, and the association with transplant outcome in a large cohort of transplanted children using data 
from the European Society for Paediatric Nephrology/European Renal Association and European Dialysis and Transplant 
Association Registry. Methods. A total of 3492 patients transplanted before 18 years from 1990 to 2012 were included. 
Height SD scores (SDS) were calculated using recent national or European growth charts. We used generalized equation mod-
els to estimate the prevalence of growth deficit and linear mixed models to calculate adjusted mean height SDS. Results. 
Mean adjusted height post-KT was −1.77 SDS. Height SDS was within normal range in 55%, whereas 28% showed moder-
ate, and 17% severe growth deficit. Girls were significantly shorter than boys, but catch-up growth by 5 years post-KT was 
observed in both boys and girls. Children <6 years were shortest at KT and showed the greatest increase in height, whereas 
there was no catch-up growth in children transplanted >12. Conclusions. Catch-up growth post-KT remains limited, height 
SDS did not improve over time, resulting in short stature in nearly half of transplanted children in Europe.

(Transplantation 2020;104:137–144).
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achieving a normal height is a crucial issue for pediatric 
kidney transplant recipients. Improvements in the manage-
ment of growth impairment have led to a decreased preva-
lence of growth failure at KT, but catch-up growth post-KT 
is generally not sufficient to compensate for the deficit that 
has been acquired before transplantation.5,6 The height SD 
scores (SDS) of North American pediatric kidney trans-
plant recipients was −1.75 at the time of KT and remained 
relatively constant at follow-up.5 Among those reaching 
adulthood, the mean height SDS was −1.4 with 25% hav-
ing a SDS <−2.2.5 The European Society for Paediatric 
Nephrology/European Renal Association and European 
Dialysis and Transplant Association (ESPN/ERA-EDTA) 
Registry reported that although there was a trend toward 
consistent improvement of adult height after KT in child-
hood over time, only a slight majority of patients (57%) 
achieved a final height within the normal range (height 
SDS ≥ −1.88).7 In Europe, data evaluating the effect of KT 
on growth are limited to single-center studies. Therefore, 
in this large population-based European study, we aimed 
to describe the pattern of changes in height SDS after KT, 
to identify potential determinants of height SDS, and to 
investigate growth associated outcomes.

MATERIALS AND METHODS

Data Collection
For this study, we used data recorded within the frame-

work of the ESPN/ERA-EDTA Registry. As previously 
described,8,9 the Registry collects individual patient data 
annually through national pediatric registries on the date 
of birth, sex, primary renal disease, treatment modal-
ity, and dates of change in treatment modality of all 
European children requiring renal replacement therapy 
(RRT) and a variable set of anthropometric, clinical and 
medication-related parameters. We included patients who 
received a KT at <18 years of age between January 1990 
and December 2012, and with at least 2 height measure-
ments available until the age of 21 although living with a 

functioning graft. This included data from 23 European 
countries out of the 37 participating in the ESPN/ERA-
EDTA Registry. The national legislation with regards to 
ethics committee approval and informed consent was 
followed for all national registries providing data to the 
ESPN/ERA-EDTA Registry.

We selected data on KT and era of KT, donor source, 
height SDS at KT and subsequent height SDS measure-
ments, estimated glomerular filtration rate (eGFR), use of 
steroids, hemoglobin level, and blood pressure.

Definition of Variables
Height SDS was calculated based on recent national 

growth charts whenever available, or on newly developed 
northern and southern European growth charts.10 Height 
SDS values were calculated by the following equation: 
SDS = (individual patient value − mean value for age and 
sex-matched healthy peers)/SD value for age and sex-
matched healthy peers.

Growth deficit was defined as a height SDS <−1.88 SDS 
and was considered as moderate (−1.88 > SDS > −3) or 
severe (<−3 SDS). Height at KT was defined as the closest 
available height measurement within 6 months before or 
after KT, or within 3 months for those who were trans-
planted before 2 years of age.

The eGFR was calculated using the adjusted Schwartz 
formula.11 Hypertension was defined as either systolic or 
diastolic blood pressure ≥95th percentile for age, height, 
and sex or use of antihypertensive medication.12 Based on 
the The National Institute for Health and Care Excellence 
(NICE) UK clinical guidelines on anemia, we defined 
anemia as an hemoglobin level <10 g/dL, or <9.5 g/dL  
for children younger than 2 years.13 Renal diseases were 
grouped by primary renal disease code for pediatric patients, 
according to the ERA-EDTA Registry coding system.14 
As there were no major advances in the field of pediatric 
KT since the approval of tacrolimus and mycophenolate 
mofetil in the 1990s, we decided to categorize the variable 
“era of KT” by decade. However the follow-up time did 
not enable us to study 30 years of follow-up, and therefore, 
the most recent period consisted of only 3 years. This led to 
unbalanced groups because most patients were included in 
the ESPN/ERA-EDTA Registry after 2000.

Data Analysis
General characteristics of the population were presented 

as median, interquartile range (IQR) and range for con-
tinuous variables, and as percentages for categorical vari-
ables. Because of multiple height measurements per patient 
were available, we applied linear mixed model regression 
analyses with both a random intercept and a random slope 
to correct for correlation of measurement within a patient 
resulting in an average post-KT height SDS. Height data 
were smoothed using a 3-degree polynomial spline func-
tion. To calculate the prevalence of growth deficit after 
KT, we used multinomial generalized estimating equation 
models. Factors associated with mean height SDS and the 
relationship between change in height SDS over time and 
potential associated factors were investigated. Analyses 
were adjusted according to the criteria for confounding.15 
Variables considered in the adjusted analyses were age at 
KT, sex, height SDS at KT, primary renal disease, donor 
source, number of KT, era of KT, and duration of RRT. 
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Time-varying covariates included time since KT, eGFR, 
hypertension, anemia, and exposure to steroids. Missing 
values were imputed using a multiple imputation approach 
as recommended by the STROBE guidelines.16 Statistical 
analyses were performed using SAS 9.3 (SAS Institute, 
Cary, NC).

RESULTS

Baseline Population Characteristics
Data on growth were available for 3492 patients who 

received a kidney transplant from 23 countries resulting 
in a total of 23 207 measurements (median per patient: 4, 
IQR: 2–7). During follow-up, 3718 KT were performed. 
Median age at KT was 10.5 years (Table 1), most often 
performed in males (60%), and from a deceased donor 
(64%); peritoneal dialysis (44%) was the most frequent 
treatment modality at the start of RRT. KT was performed 
preemptively in 29%. Congenital anomalies of the kidney 
and urinary tract (CAKUT) were the most common cause 
of ESKD (46%), followed by glomerulonephritis (13%). 
Median height SDS at the time of KT was −1.87 (IQR: 
−2.81 to −0.97), which is equivalent to the third percentile 
for same sex and age peers.

Mean Height SDS and Prevalence of Growth Deficit
After adjustment for sex, primary renal disease, age at 

KT, time since KT, and period of KT, the overall mean 
height SDS post-KT in the total cohort was −1.77 ± 0.04. 
Overall, 55.1% of children (95% confidence interval [CI]: 
53.7-56.4) had a height SDS within the normal range 
post-KT (ie, >−1.88), 28.0% (95% CI: 27.0-29.1) showed 
moderate growth deficit, and 16.9% (95% CI: 16.0-17.9) 
exhibited severe growth deficit. The proportion of pediat-
ric transplant recipients with a normal height was slightly 
higher in boys (56.7%) than in girls (52.5%).

Factors Associated With Posttransplant Height
Factors associated with posttransplant height are 

depicted in Table 2.
Living kidney donation, preemptive KT or dialysis for 

<1 year before KT, steroid-free immunosuppressive regi-
men, higher eGFR, and not being hypertensive or anemia 
were associated with a better posttransplant height SDS. 
Moreover, after adjustment for sex, age at KT, period of 
KT, and time since KT, patients with CAKUT were sig-
nificantly shorter than those with glomerulonephritis, 
hemolytic uremic syndrome, vasculitis, and those with 
miscellaneous or unknown causes of renal failure, whereas 
patients with metabolic disorders were significantly shorter 
than CAKUT patients (Table 2). A more recent period of 
transplantation was not associated with a better posttrans-
plant height SDS. Children who received a deceased donor 
KT were shorter by 0.15 SDS at transplant and tended to 
show a somewhat lower catch-up growth posttransplant 
than those transplanted with a living donor (+0.35 SDS 
deceased versus +0.39 SDS living) (Figure 1).

Age and Sex Differences in Posttransplant Growth
There were large age differences in posttransplant 

growth (Figure 2). Although children under the age of 6 
years at KT had the largest height deficit at the time of 

transplantation, they showed the greatest increase in height 
SDS: +0.67 SDS in children under 3 years and +0.8 SDS 
in children transplanted between 3 and 6 years. Limited 
growth was observed in children transplanted between the 
ages of 6 and 12, whereas there was no catch-up growth in 
children who were older than 12 when transplanted.

After adjustment for age at KT, period of KT, and time 
since KT, girls (−1.84 SDS) had a significantly lower height 
SDS than boys (−1.73 SDS). Further adjustment for pri-
mary renal disease and time on dialysis before KT did not 
change this association (height SDS −1.71 [95% CI: −1.80 

TABLE 1.

Baseline characteristics of the population (n = 3718 KT  
in 3492 children)

Variables n (%) Median (IQR)

Sex (n = 3492)
 Male 2109 (60.4)  
 Female 1383 (39.6)  
Primary renal disease (n = 3492)
 CAKUT 1594 (45.7)  
 Glomerulonephritis 463 (13.3)  
 Hereditary nephropathy 270 (7.7)  
 Cystic kidney disease 391 (11.2)  
 Hemolytic uremic syndrome 147 (4.2)  
 Ischemic renal failure 64 (1.8)  
 Metabolic disorder 127 (3.6)  
 Vasculitis 60 (1.7)  
 Miscellaneous 205 (5.9)  
 Unknown or missing 171 (4.9)  
Age at start of RRT (y), n = 3492  9.2 (4.0–12.8)
 Range  0.0–17.9
Treatment modality at start of RRT, n = 3492
 HD 863 (24.7)  
 PD 1548 (44.3)  
 KT 1015 (29.1)  
 Unknown or missing 66 (1.9)  
Age at KT (y)  10.5 (5.7–13.8)
 Range  0.0–17.9
Age at KT (y), n = 3718
 0–2 405 (10.9)  
 3–5 578 (15.6)  
 6–12 1540 (41.4)  
 13–17 1195 (32.1)  
Donor source (n = 3718)
 Deceased donor 2374 (63.9)  
 Living donor 1098 (29.5)  
 Unknown or missing 246 (6.6)  
Period of KT (n = 3718)   
 1990–1999 928 (25.0)  
 2000–2009 1927 (51.8)  
 2010–2012 863 (23.2)  
No. of KT (n = 3718)
 1 3278 (88.2)  
 ≥2 440 (11.8)  
Height SDS at KT (n = 2584)  –1.87 (–2.81 to –0.97)
 Range  –7.82 to 3.12

CAKUT, congenital anomalies of the kidney and urinary tract; IQR, interquartile range; HD, hemo-
dialysis; KT, kidney transplantation; PD, peritoneal dialysis; RRT, renal replacement therapy; SDS, 
SD scores.
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TABLE 2.

Factors associated with height SDS

Variable

Unadjusted Adjusted

Mean height SDS (95% CI) P valuea Mean height SDS (95% CI) P valuea

Sex   Adjusted forb

 Boys –1.73 (–1.78 to –1.67) Reference –1.73 Reference
 Girls –1.84 (–1.93 to –1.76) 0.008 –1.84 (–1.93 to –1.76) 0.01
Age at KT (y)   Adjusted forc

 13–17 –1.77 (–1.83 to –1.70) Reference –1.74 Reference
 6–12 –1.83 (–1.90 to –1.75) 0.14 –1.83 (–1.90 to –1.75) 0.03
 3–5 –1.78 (–1.88 to –1.68) 0.79 –1.82 (–1.92 to –1.72) 0.13
 0–2 –1.59 (–1.70 to –1.49) 0.003 –1.63 (–1.74 to –1.52) 0.09
Period of KTd   Adjusted fore

 1990–1999 –1.74 (–1.81 to –1.67) Reference –1.77 Reference
 2000–2009 –1.78 (–1.86 to –1.71) 0.23 –1.77 (–1.85 to –1.69) 0.97
 2010–2012 –1.82 (–1.94 to –1.70) 0.19 –1.77 (–1.90 to –1.65) 0.98
Primary renal disease   Adjusted forf

 CAKUT –1.81 (–1.88 to –1.75) Reference –1.83 Reference
 Glomerulonephritis –1.67 (–1.79 to –1.54) 0.03 –1.63 (–1.76 to –1.51) 0.005
 Hereditary nephropathy –1.70 (–1.86 to –1.55) 0.18 –1.75 (–1.91 to –1.60) 0.33
 Cystic kidney disease –1.83 (–1.96 to –1.69) 0.83 –1.81 (–1.94 to –1.67) 0.68
 HUS –1.40 (–1.61 to –1.19) <0.001 –1.36 (–1.57 to –1.15) <0.001
 Ischemic renal failure –1.81 (–2.11 to –1.51) 0.97 –1.80 (–2.10 to –1.51) 0.84
 Vasculitis –1.36 (–1.67 to –1.05) 0.008 –1.32 (–1.64 to –1.01) 0.004
 Metabolic disorder –2.57 (–2.79 to –2.34) <0.001 –2.55 (–2.77 to –2.33) <0.001
 Miscellaneous or unknown –1.67 (–1.80 to –1.53) 0.05 –1.64 (–1.78 to –1.50) 0.01
Time on dialysis   Adjusted forg  
 0 y (preemptive KT) –1.68 (–1.76 to –1.60) Reference –1.65 (–1.78 to –1.52) Reference
 0 ≤ 1 y –1.62 (–1.73 to –1.52) 0.31 –1.63 (–1.74 to –1.52) 0.74
 >1 y –1.97 (–2.07 to –1.87) <0.001 –1.98 (–2.09 to –1.87) <0.001
Donor source   Adjusted forh

 Deceased –1.83 (–1.88 to –1.78) Reference –1.83 Reference
 Living –1.65 (–1.74 to –1.56) <0.001 –1.64 (–1.74 to –1.56) <0.001
Steroids use   Adjusted fori  
 Steroid based –1.77 (–1.81 to –1.72) Reference –1.77 Reference
 Steroid free –1.60 (–1.40 to –1.79) 0.10 –1.55 (–1.75 to –1.36) 0.03
eGFR   Adjusted forj  
 >90 –1.77 (–1.83 to –1.70) Reference –1.75 Reference
 60–89 –1.75 (–1.80 to –1.69) 0.50 –1.74 (–1.79 to –1.69) 0.61
 30–59 –1.78 (–1.83 to –1.72) 0.65 –1.79 (–1.84 to –1.73) 0.26
 <30 –1.88 (–1.95 to –1.82) 0.006 –1.92 (–1.98 to –1.85) <0.001
Hypertension   Adjusted fork  
 Yes –1.78 (–1.82 to –1.73) Reference –1.77 Reference
 No –1.72 (–1.74 to –1.69) <0.001 –1.71 (–1.74 to –1.68) 0.0002
Anemia   Adjusted fork  
 Yes –1.86 (–1.93 to –1.80) Reference –1.85 Reference
 No –1.77 (–1.82 to –1.72) 0.002 –1.77 (–1.83 to –1.72) 0.01
aDifference from reference population.
bModels adjusted for age at KT, period of KT, and time since KT.
cModels adjusted for sex, primary renal disease, period of KT, and time since KT.
dOnly countries covering the entire follow-up period (1990–2012).
eModels adjusted for sex, primary renal disease, age at KT, and time since KT.
fModels adjusted for sex, age at KT, period of KT, and time since KT.
gModels adjusted for sex, primary renal disease, age at KT, period of KT, and donor source.
hModels adjusted for sex, primary renal disease, age at KT, and period of KT.
iModels adjusted for sex, primary renal disease, age at KT, period of KT, and time since KT.
jModels adjusted for sex, primary renal disease, age at KT, and time since KT.
kModels adjusted for sex, primary renal disease, age at KT, period of KT, time since KT, and eGFR.
lModels adjusted for sex, primary renal disease, age at KT, period of KT, time since KT, and eGFR.
CAKUT, congenital anomalies of the kidney and urinary tract; CI, confidence interval; eGFR, estimated glomerular filtration rate; HUS, hemolytic uremic syndrome; KT, kidney transplantation; RRT, renal 
replacement therapy; SDS, SD score.
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to −1.61] and −1.85 [95% CI: −1.94 to −1.77] in boys 
and girls, respectively). Catch-up growth was observed in 
both sexes (+0.37 SDS in boys and +0.33 SDS in girls), 
but since the height, SDS of boys at KT was significantly 
higher than that of girls their height SDS remained higher 
during 5 years of follow-up (Figure 3). We observed age 
differences in posttransplant growth for both sexes. When 
transplanted below 6 years of age, the height at KT was 
not different for boys and girls, but the 5-year change in 
height SDS was larger among boys than among girls. The 
adjusted height SDS of boys transplanted between 6 and 
12 years increased from −1.96 to −1.61 at 5 years post-
transplant (+0.35 SDS) and from −2.32 (−2.53 to −2.12) 
to −1.96 (−2.13 to −1.79) (+0.36 SDS) in girls. There were 
no sex differences in adolescents, both with respect to the 
height at KT, and the height during follow-up.

Trend Over Time
No significant difference in height at KT or in posttrans-

plant growth was observed according to the period of KT 
(1990–1999, 2000–2009, and 2010–2012) (Figure 4).

DISCUSSION
Short stature is present in nearly half of pediatric kid-

ney transplant recipients in Europe. Catch-up growth post 
KT remains limited and is mainly observed in the youngest 
recipients and those with (preemptive) living donor KT. We 
found no substantial improvement in growth post-KT over 
time. At transplant, about half of the transplant recipients 
had a short stature or were shorter than the third percen-
tile of their peers, suggesting that prevention of chronic 

kidney disease (CKD)-related growth retardation in the 
pretransplantation phase of the disease has remained 
insufficient in the past 25 years in Europe, despite the 
possibility for optimal nutrition, correction of hyperpar-
athyroidism and metabolic acidosis, and the availability of 
recombinant human growth hormone (rhGH) therapy in 
most European countries.

According to the North American Pediatric Renal 
Trasplant Cooperative Study (NAPRTCS) 2014 annual 
report, the average height SDS at KT in North American 
pediatric recipients was −1.73 (ie, below the fourth percen-
tile for age and sex).17 In concordance with the NAPRTCS, 
the mean height SDS remained relatively constant at −1.77 
SDS over the available posttransplant follow-up, demon-
strating that even successful KT fails to provide significant 
catch-up growth in the majority of recipients. However, 
post-KT growth patterns largely differed by age. The 
youngest recipients (<6 y) had the greatest height deficits 
at KT but experienced a posttransplant height increase of 
0.7–0.8 SDS, which resulted in normal height attainment 
in most of them. Conversely, children who were 6–12 years 
of age showed very limited catch-up growth during the 
first 2 years posttransplant, and those older than 12 years 
at KT experienced no increase or even a slight decrease 
in height SDS averaging at about −1.7 SDS. Other regis-
try data and single-center studies already suggested that 
catch-up growth after KT was restricted to children under 
6 years of age.2,18,19 Conversely, previous reports, mostly 
from centers with a special interest in growth, reported 
substantial, and sometimes impressive, catch-up growth in 
prepubertal children who were under 12 years of age.20-

22 However, data from clinical trials appeared to be less 
encouraging than the aforementioned reports and showed 
limited catch-up growth in prepubertal children and no 

FIGURE 1. Posttransplant growth by donor type. Adjustments 
were made for sex, age at KT, PRD, and period of KT. KT, kidney 
transplantation; PRD, primary renal disease.

FIGURE 2. Unadjusted posttransplant growth patterns stratified 
by age at KT. KT, kidney transplantation.

FIGURE 3. Posttransplant growth by sex adjusted for age 
at KT, PRD, period of KT, and time since dialysis. KT, kidney 
transplantation; PRD, primary renal disease.

FIGURE 4. Posttransplant growth by period of KT. Adjustments 
were made for sex, age at KT, and PRD. KT, kidney transplantation; 
PRD, primary renal disease.
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catch-up growth in pubertal children.23,24 Except in a 
few studies,20,25 poor linear growth is usually observed 
in pubertal children and KT during adolescence does not 
allow catch-up growth. A delayed onset and shorter dura-
tion of the pubertal growth spurt resulting in decreased 
pubertal height gain, and the strong negative effect of low 
eGFR in this age group, may explain the poor growth out-
come of children transplanted after 12 years of age.

Additionally, we identified several other factors associ-
ated with height SDS in this study: sex, primary renal dis-
ease, graft function, blood pressure, anemia, and exposure 
to steroid therapy. Contrary to the NAPRTCS, we found 
that at KT, the height deficit in girls was larger than in 
boys and remained larger during posttransplant follow-
up. A previous study in children with CKD stage 3–5 also 
reported that height deficit was more pronounced in girls 
than in boys.26 In our study, the sex difference in height 
at KT and post-KT was mainly found among those trans-
planted at 6–12 years. Although difficult to explain, one 
could speculate that girls are referred later than boys in 
the course of the disease,27 or that growth impairment 
during the CKD phase before KT is less aggressively 
managed (including use of rhGH) in girls than in boys. 
Furthermore, expressing height according to chronologi-
cal age rather than according to bone age or pubertal stage 
might have contributed to our findings of superior growth 
in boys. Consistent with other studies,26,28 we found that 
congenital primary renal diseases (CAKUT and heredi-
tary nephropathies) were associated with shorter stature 
than glomerular and vascular diseases, possibly because 
of a longer duration of the CKD period, and the role of 
salt wasting and metabolic acidosis which are involved 
in growth failure. Not surprisingly, anemia, hypertension, 
and eGFR <30 mL/min/1.73 m2, all indicating poor graft 
function, were also associated with a reduced height SDS 
as in previous reports.28-30 Similar to CKD, GFR is a major 
determinant of growth after KT and final height.31 Indeed, 
prepubertal catch-up growth and total pubertal height gain 
correlated positively with GFR.20 We further found that 
patients who received a living donor kidney had a signifi-
cantly greater height SDS at KT and tended to have a better 
growth during the 5-year posttransplant follow-up than 
those who received a deceased donor graft. A remarkably 
similar finding has been reported in a single-center study 
in Germany,32 and we previously reported that preemptive 
KT or a short period of dialysis was associated with better 
final height SDS.7 Finally, a steroid-free immunosuppres-
sive regimen was significantly associated with height SDS 
in the present study. Growth depression is a well-known 
side effect of corticosteroid therapy and is partially medi-
ated by alterations in the somatotropic hormone axis.1 
Several recent randomized controlled trials and obser-
vational studies showed that steroid withdrawal/avoid-
ance was associated with a significant increase in growth 
compared with remaining on steroids. Although the effect 
is mild (mean difference in height of 0.2–0.3 SDS) and 
restricted to prepubertal children,33 steroid withdrawal/
avoidance regimens seemed to be safe and not associated 
with acute rejection, graft failure or death, at least in the 
first years posttransplant.33 In this registry study, the use of 
steroids decreased by 20% over time, and the overall mean 
difference of 0.2 SDS in steroid-free immunosuppressive 
regimen is in line with the findings of randomized trials.

Contrary to findings in the United States,2 we did not 
find any improvement in posttransplant height SDS over 
the last 20 years. The average height deficit of United States 
children transplanted 25 years ago (−2.43 SDS in 1987) 
was larger than in Europe. However, in 2009, the aver-
age height SDS at KT in United States patients was with 
−1.23 SDS, considerably higher than in Europe. Although 
we used recent national growth charts to account for the 
secular trend in height, it should be noted that the growth 
charts used in the NAPRTCS study are based on data 
collected 40 years ago. Applying these US growth charts 
resulted on average in a 0.36 higher height SDS compared 
to recent national or European growth charts,10 and use 
of different growth charts could possibly explain some of 
the differences in post-KT height between Europe and the 
United States. Despite the lack of improvement in post-KT 
height SDS in this study, in a previous registry study, we 
reported an increase in final height over time.7 However, 
as height SDS did not significantly change between RRT 
initiation and final height measurement, the improvement 
of final height over time was most likely because of better 
growth management in the pre-ESKD period, which might 
also explain the lack of improvement in post-KT growth. 
Moreover, during recent years more severe and difficult 
to manage patients are accepted into RRT programs, 
and although we adjusted our analyses for differences in 
patient characteristics, some residual confounding due to 
unmeasured case-mix differences might still be present. 
Nevertheless, it is quite worrisome that post-KT growth 
in Europe has not improved since the early 1990s, particu-
larly given the implications of short stature on quality of 
life and a variety of options to improve it.

Further improvement in post-KT growth might be 
expected by promoting living-donor and preemptive KT; 
steroid withdrawal/avoidance immunosuppressive regi-
men, particularly in prepubertal children33;  and possibly 
more regular use of rhGH. A study by van Huis et al34 
showed that only 22% and 6% of short patients on dialy-
sis and after KT, respectively, received rhGH in Europe, 
and this was not restricted to lower income countries. 
Rather than by any financial hurdles, the actual prescrip-
tion of rhGH seemed to be more determined by physician’s 
and patient’s attitudes towards rhGH therapy.34 Moreover, 
a recent US study reported that height gains with rhGH 
among pediatric CKD patients with short stature were 
associated with better parent-reported physical and social 
functioning.35

The strengths of our study include the large population, 
the long follow-up period and repeatedly measured height 
values, covering patients treated in 23 different European 
countries. However, some limitations of our work need 
to be acknowledged. Detailed data on factors affecting 
growth, such as nutritional status, control of metabolic 
acidosis and mineral bone disorders, pubertal status, bone 
age, birth weight, and comorbid conditions, were not 
available from the ESPN/ERA-EDTA Registry. In addition, 
the reported medication use (ie, steroids, rhGH) was very 
limited, and we were not able to adjust our analyses for 
medication use.

To summarize, growth after pediatric KT in Europe 
remains suboptimal, with a short stature in almost half of 
the patients. Catch-up growth is restricted to the young-
est recipients and there was no substantial improvement 
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over time. Early, preferably preemptive transplantation 
with a graft from a living donor, in combination with ster-
oid avoidance/withdrawal immunosuppression regimens, 
more regular application of rhGH, and maintaining an 
optimal graft function could possibly lead to improve-
ments in growth.
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