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ABSTRACT 

Background: The prevalence of childhood overweight is 

rising worldwide, but in children on renal replacement 

therapy (RRT) a poor nutritional status is still the primary 

concern. We aimed to study the prevalence of and 

factors associated with underweight and 

overweight/obesity in the European paediatric RRT 

population. Moreover, we assessed the evolution of body 

mass index (BMI) after the start of RRT. 

 

Methods: We included 4474 patients younger than 16 

years from 25 countries of whom BMI data, obtained 

between 1995 and 2010, were available within the 

ESPN/ERA-EDTA Registry. Prevalence estimates for under- 

and overweight/obesity were calculated using age and 

sex-specific criteria of the World Health Organisation (0-1 

year olds) and the International Obesity Task Force cut-offs 

(2-15 year olds).  

 

Results: The prevalence of underweight was 3.5%, 

whereas 20.8% of the patients were overweight and 12.5% 

obese. Risk factors for being underweight were receiving 

dialysis treatment and infant age. Among transplanted 

recipients a very short stature (OR: 1.64, 95% CI: 1.40-1.92) 

and glucocorticoid treatment (OR: 1.23, 95% CI: 1.03-1.47) 

were associated with a higher risk of being 

overweight/obese. BMI increased post-transplant, and a 

lower BMI and a higher age at start of RRT were associated 

with greater BMI changes during RRT treatment. 

 

Conclusions: Overweight and obesity, rather than 

underweight, are highly prevalent in European children on 

RRT. Short stature among graft recipients had a strong 

association with overweight, while underweight appears 

to be only a problem in infants. Our findings suggest that 

nutritional management in children receiving RRT should 

focus as much at the prevention and treatment of 

overweight as on preventing malnutrition. 
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INTRODUCTION 

 

Nutritional therapy is a key aspect of the management of paediatric end-stage renal disease 

(ESRD) [1] since nutrition has a major impact on linear growth and development [2]. 

Traditionally, nutritional therapy predominantly focused on the prevention of protein-energy 

malnutrition [3]. To date, much less attention has been paid to the potential impact of the 

global epidemic of childhood obesity [4], on the weight distribution in children with ESRD [5–

8].  

Both a low and a high Body Mass Index (BMI) are associated with an increased mortality risk 

in children with ESRD [9] and obesity might adversely affect short-term graft function after 

renal transplantation [10]. Previous clinical studies focused on either protein-energy 

malnutrition among paediatric dialysis patients, which were found in 5% to 65% of the patients 

depending on the definition [8,11–13], or on overweight and obesity following renal 

transplantation [5,10,14,15]. The prevalence of an abnormal nutritional status in ESRD patients 

in Europe remains poorly documented.  

Furthermore, in healthy children large regional differences in the prevalence of overweight 

and obesity have been reported across Europe [16–19]. Such differences may also exist for 

the paediatric ESRD population. Our study sought to describe the prevalence of, and factors 

associated with, an abnormal nutritional status defined by a low BMI (underweight) or a high 

BMI (overweight/obese) in European children with ESRD. In addition we studied the evolution 

of BMI after start of renal replacement therapy (RRT), including the effect of changes in 

treatment modality. 

 

METHODS 

 

Subjects 

Data on paediatric patients were collected within the framework of the European Society 

for Paediatric Nephrology/European Renal Association and European Dialysis and Transplant 

Association (ESPN/ERA-EDTA) Registry and included amongst others, date of birth, sex, 

treatment modality at start of renal replacement therapy (RRT), and any subsequent 

changes in treatment modality. Patients from the following countries were included: Belarus, 

Belgium, Croatia, Czech Republic, Estonia, Finland, France, Greece, Hungary, Iceland, Italy, 

Lithuania, FYR Macedonia, the Netherlands, Norway, Poland, Portugal, Russia, Serbia, 

Slovakia, Slovenia, Spain, Switzerland, Turkey, and the United Kingdom. For the present study, 

we included patients younger than 16 years for whom data on height and weight were 

available for the period of January 1995 to December 2010. 
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Height and Body Mass Index assessment 

The BMI was calculated as weight/height2 and expressed to chronological age for 0-1 year 

old children and to height-age (the age of a child with a given height growing at the 50th 

height percentile) for 2-15 year old children, by using either recent national or European 

growth charts for height [20]. For 0-1 year old children BMI was categorised according to 

age- and sex specific criteria of the World Health Organisation (WHO): underweight (BMI SDS 

≤ -2 SDS), normal weight (-2 < BMI SDS ≤ +2), overweight (+2 < BMI SDS ≤ +3), and obesity (BMI 

SDS > +3) [21–23]. For 2-15 year olds we used cut-off values from the International Obesity 

Task Force (IOTF) [24,25] to categorise their BMI. These age and sex-specific cut-off values are 

based on centile curves passing through adult health related cut-off points for underweight 

(BMI of 17 kg/m2), overweight (BMI of 25 kg/m2), and obesity (BMI of 30 kg/m2) at the age of 

18 years. To study changes in BMI within 6-18 months after commencing RRT we expressed 

BMI as the percent difference from the median BMI (BMI%) [26] according to WHO growth 

charts [21–23,27]. In this way a BMI% of zero corresponds to the median BMI for age and sex 

from a healthy reference population. 

 

Statistical analyses 

There were large differences in the number of BMI measurements per patient. Since 

measurements within the same patient are correlated, we used multinomial logistic 

generalised estimating equations (GEE) analyses to estimate prevalence estimates of 

underweight, overweight and obesity as well as to analyse predictors of being underweight 

and overweight/obese. In this study, we modelled the probability of either being 

underweight or overweight/obese compared to being normal weight. When comparing 

countries in the risk for being overweight or obese we selected only those countries which 

provided data for at least 80 patients. To study factors associated with changes in BMI% from 

the start of RRT we used linear mixed models. All statistical analyses were carried out using 

SAS version 9.2 (SAS Institute Inc., Cary, NC, USA). P<0.05 was considered statistically 

significant. 
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RESULTS 

 

Patient characteristics 

Patient characteristics are shown in Table 1. For 4474 patients at least one BMI measurement 

was available. The median number of measurements per patient was 3 with a range of 1-27 

measurements, resulting in a total number of 16,432 measurements. At the time of BMI 

determination, most patients (46.4%) were adolescents (12-15 years), 48.6% of the patients 

were living with functioning graft, while 34.2% received peritoneal dialysis (PD) and 17.2% 

haemodialysis (HD) treatment. The most common cause of renal failure was congenital 

anomalies of the kidney and the urinary tract (CAKUT) (41.3%), and 59.5% of the patients were 

male. 

 

Table 1. Characteristics of patients included in the study 
  Patients 

N=4474 

Age at start of RRT (%) 0-1 years 954 (21.3) 

 2-5 years 965 (21.6) 

 6-11 years 1574 (35.2) 

 12-15 years 981 (21.9) 

Age at BMI measurement (%) 0-1 years 254 (5.7) 

 2-5 years 692 (15.5) 

 6-11 years 1451 (32.4) 

 12-15 years 2077 (46.4) 

Gender (male) (%)  2663 (59.5) 

Treatment at start of RRT (%) HD 1139 (25.5) 

 PD 2467 (55.1) 

 Tx 726 (16.2) 

 Unknown/Missing 142 (3.2) 

Current treatment (%) HD 770 (17.2) 

 PD 1529 (34.2) 

 Tx 2175 (48.6) 

Primary renal disease Glomerulonephritis 637 (14.2) 

 CAKUT 1848 (41.3) 

 Cystic Kidneys 489 (10.9) 

 Hereditary 

Nephropathy 

368 (8.2) 

 Ischemic Renal Failure 101 (2.3) 

 HUS 205 (4.6) 

 Metabolic Disorders 154 (3.5) 

 Vasculitis 80 (1.8) 

 Miscellaneous 232 (5.2) 

 Unknown/Missing 360 (8.0) 
Abbreviations: RRT, renal replacement therapy; HD, haemodialysis; PD, peritoneal dialysis; Tx, renal transplant; CAKUT, 

congenital anomalies of the kidney and the urinary tract; HUS, haemolytic-uremic syndrome. 
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Prevalence of underweight, overweight and obesity  

The prevalence of underweight in the total cohort was 3.5 %, while 20.8% of the patients were 

overweight and 12.5% obese. Of the 0-1 year old patients 15.8% were underweight, and 9.0% 

were overweight or obese. Among the 12-15 year old patients only 1.4% were underweight, 

while 40.8% were overweight or obese. Among dialysis patients the prevalence of 

underweight was higher (4.6% in HD patients, 6.4% in PD patients) than among transplanted 

patients (1.3%), while for overweight and obesity the reverse was true. Percentages of 

patients being underweight, normal weight, overweight, and obese stratified by age and 

treatment modality are depicted in Figure 1. In the countries (Finland, Italy, Spain, Switzerland, 

United Kingdom) with BMI data on the entire follow-up period (1995-2010), the prevalence of 

underweight, overweight, and obesity did not change over time. 

 

 

 

 
 

 

 

 

 

 

 

 

 

     

    Figure 1. Prevalence estimates for underweight, normal weight, overweight,  

    and obesity stratified by treatment modality and age category  
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Predictors of being underweight 

We found that in both dialysis patients and allograft recipients a younger age was associated 

with a significantly increased risk of being underweight (Table 2). Among dialysis patients a 

short stature (height SDS < -1.88) was associated with a significantly lower risk of being 

underweight compared to children with a height SDS above -1.88 (OR: 0.66, 95% CI: 0.49-

0.88) (Table 2).  

Children who received dialysis treatment for less than one year or those who were 

transplanted pre-emptively were slightly more likely to be underweight than children who 

spent 1-3 years on dialysis or who received a renal transplant 1-3 years ago (OR dialysis: 1.20, 

95% CI: 0.92-1.20; OR transplant: 1.56, 95% CI: 1.00-1.59). Gender and the type of dialysis were 

not associated with the risk of being underweight (Table 2). 

 

 

Table 2. Odds ratios (OR) for being underweight compared to being normal weight 

stratified by treatment 
 Dialysis patients Transplanted patients 

 OR (95 % CI) OR (95% CI) 

Age group (years)1   

 0-1 1.48 (1.10-1.98) # 

 2-5 1.00 1.00 

 6-11 0.32 (0.23-0.44) 0.21 (0.12-0.38) 

 12-15 0.23 (0.16-0.32) 0.19 (0.10-0.34) 

Gender2   

 Male 1.00 1.00 

 Female 1.10 (0.83-1.46) 0.91 (0.52-1.59) 

Height SDS3   

 < -3 SDS 0.86 (0.62-1.19) 0.88 (0.43-1.80) 

 -3 < -1.88 SDS  0.66 (0.49-0.88) 0.79 (0.41-1.80) 

 ≥ -1.88 SDS 1.00 1.00 

Time on current treatment (years)4   

 < 1  1.20 (0.92-1.58) 1.56 (1.00-2.44) 

 1 < 3 1.00 1.00 

 ≥ 3 0.79 (0.56-1.12) 0.78 (0.45-1.37) 

Type of dialysis5   

 PD 1.00  

 HD 1.02 (0.72-1.43)  

Steroid use among Tx recipients6   

 Non user  1.00 

 User  0.28 (0.16-0.49) 
1Adjusted OR for country, gender;  2Adjusted OR for country;  3Adjusted OR for country, age, gender, time on RRT;  
4Adjusted for country, age, gender;  5Adjusted OR for country, age, gender;  6Adjusted for country, age at transplant 

and time since transplant. 

# Number of patients in this category was too low to obtain an effect estimate. 
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Predictors of being overweight or obese 

Predictors of being overweight/obese stratified by treatment are depicted in Table 3. Both 

among dialysis patients and patients with a functioning graft, children aged 6-11 years as 

well as adolescents had a significantly higher risk of being overweight compared to children 

aged 2-5 years. 

Also a longer duration of either dialysis or transplantation was associated with a higher risk of 

being overweight. Among the transplanted patients, children with a very short stature (height 

SDS < -3) showed an increased risk of being overweight compared to children with a height 

SDS ≥ -1.88 (OR: 1.64, 95% CI: 1.40-1.92), and this relation was already seen among children 

with moderate growth retardation, i.e. a height SDS between -3 and -1.88 SDS (OR: 1.16, 95% 

CI: 1.04-1.30) (Table 3). Adjustment for steroid therapy or growth hormone therapy did not 

change these results. Finally, among transplanted children, steroid use was associated with 

a 23% increased risk for being overweight (steroid use vs. no steroid use: OR 1.23, 95% CI: 1.03-

1.47) (Table 3).  

 

Table 3. Odds Ratios (OR) for being overweight/obese compared to being normal weight 

stratified by treatment 
 Dialysis patients Transplanted patients 

 OR (95 % CI) OR (95% CI) 

Age group (years)1   

 0-1 0.58 (0.42-0.68) # 

 2-5 1.00 1.00 

 6-11 1.99 (1.46-2.73) 1.98 (1.70-2.31) 

 12-15 2.37 (1.93-2.90) 2.30 (1.95-2.71) 

Gender2   

 Male 1.00 1.00 

 Female 1.00 (0.84-1.20) 1.17 (1.01-1.37) 

Height SDS3   

 < -3 SDS 1.12 (0.94-1.33) 1.64 (1.40-1.92) 

 -3 < -1.88 SDS  0.99 (0.86-1.14) 1.16 (1.04-1.30) 

 ≥ -1.88 SDS 1.00 1.00 

Time on current treatment (years)4   

 < 1  0.73 (0.64-0.97) 0.98 (0.88-1.08) 

 1 < 3 1.00 1.00 

 ≥ 3 1.23 (1.06-1.42) 1.00 (0.90-1.11) 

Type of dialysis5   

 PD 1.00  

 HD 1.01 (0.85-1.21)  

Steroid use among Tx recipients6   

 Non user  1.00 

 User  1.23 (1.03-1.47) 
1Adjusted OR for country, gender; 2Adjusted OR for country; 3Adjusted OR for country, age, gender,  

time on RRT; 4Adjusted for country, age, gender; 5Adjusted OR for country, age, gender; 6Adjusted  

for country, age at transplant and time since transplant. # Number of patients in this category was  

too low to obtain an effect estimate. 
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BMI change from start of renal replacement therapy 

For 1564 patients (35.0%) BMI data were available at the start of RRT and during follow-up. At 

the start of RRT 6.1% of the patients were underweight, while 11.8% were overweight and 6.3% 

obese.  

Factors associated with the change in BMI% after the start of RRT are shown in Table 4. Both 

among dialysis patients and graft recipients the BMI% at the start of RRT was negatively 

associated with the change in BMI%. In other words, a lower BMI% at the start of RRT was 

associated with greater increases in BMI% during RRT treatment. Higher age at start of RRT, 

and a longer time on dialysis or a longer time with a functioning graft were positively 

associated with change in BMI%. Furthermore, among transplanted patients the change in 

BMI% was lower among those who were transplanted pre-emptively compared to those who 

started with PD treatment. 

 

Table 4. Factors associated with change in BMI percent after the start of RRT stratified by 

treatment 
 Dialysis patients Transplanted patients 

 Mean change in 

BMI% 

P-value Mean change in 

BMI% 

P-value 

BMI% at start RRT     

Per % increase -0.32 < 0.0001 -0.55 < 0.0001 

Age at start RRT 

(years) 

    

0-1 -0.65 0.03 6.30 0.002 

2-5 1.19 Reference 10.74 Reference 

6-11 4.33 0.0001 16.17 < 0.0001 

12-15 3.05 0.02 12.16 0.26 

Gender     

Male 2.63 Reference 12.21 Reference 

Female 1.88 0.16 13.94 0.05 

Treatment at start 

RRT 

    

PD 2.39 Reference 13.53 Reference 

HD 2.11 0.64 13.55 0.99 

Tx 2.44 0.99 11.30 0.02 

Time on current 

treatment (years) 

    

< 1 1.38 0.0001 11.67 0.0002 

1 < 3 4.54 Reference 13.02 Reference 

≥ 3 5.59 0.01 15.03 < 0.0001 
Abbreviations: BMI, body mass index; RRT, renal replacement therapy; PD, peritoneal dialysis; HD, haemodialysis; Tx, 

renal transplant; 
1Adjusted for country, gender, age at start of RRT, treatment at start of RRT, time on treatment;  
2Adjusted for country, BMI percent at start of RRT, gender, time on treatment;  
3Adjusted for country, BMI percent at start of RRT, time on treatment;  
4Adjusted for country, BMI percent at start of RRT, gender, age at start of RRT, time on treatment;  
5Adjusted for country, BMI percent at start of RRT, gender, age at of start RRT, treatment at start of RRT. 
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Within 6 to 18 months after start of RRT, the mean BMI% of patients who remained on dialysis 

increased slightly by 1.9% (95% CI: 1.1-2.6%). In 79% of the children who remained on dialysis 

during the 18 months of follow-up, BMI did not change substantially from commencement of 

dialysis (Figure 2). However, in 50% of patients who were underweight at dialysis initiation, BMI 

increased into the normal range within the 6-18 month follow-up period. The BMI% 

significantly increased by 8.5% (95% CI: 6.7-10.3%; P<0.0001) in patients with a pre-emptive 

transplant, and by 10.9% (95% CI: 9.2-12.6%; P<0.0001) in children receiving a transplant after 

a dialysis period of less than 18 months. After the 6-18 month follow-up period more children 

were overweight and obese than at the start of RRT (Figure 2). 

 

Figure 2. Distribution of changes in BMI category between start of renal replacement therapy 

and 6 to 18 months of follow-up 
Patients were grouped by treatment modality: patients who were on dialysis treatment, patients who 

received a pre-emptive transplant, and patients who started on dialysis, but received a transplant during 

6 to 18 months of follow-up. 

* Very few patients were underweight at the start of RRT in the group of pre-emptive transplantation, as 

well as in the group who switched from dialysis to transplantation. 

Tx=Transplantation. 
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Country differences in prevalence of overweight and obesity 

We found a significant variation in the prevalence of overweight and obesity across countries 

both within the general paediatric [16,17,19] and paediatric RRT population (Table 5). 

Overweight and obesity were most prevalent in Spanish (34.5%), British (27.4%) and Finnish 

children (23.5%) on dialysis, resulting in a significantly higher risk for being overweight 

compared to Dutch dialysis patients, in whom the prevalence of overweight was only 17.2%. 

Transplanted patients from the United Kingdom (52.5%) and Spain (39.9%) also showed the 

highest prevalence of overweight and obesity (Table 5), whereas the overweight and obesity 

risk did not differ between transplant recipients from the Netherlands, Finland, Poland and 

Russia. These country differences in overweight/obesity were largely similar to differences in 

the general population (Table 5). 

 
 
Table 5. Country as a predictor of being overweight/obese compared to being normal 

weight stratified by treatment 
Country Prevalence of overweight 

and obesity in general 

paediatric population1 

Dialysis Transplantation 

  OR (95 % CI)2 OR (95% CI)3 

Finland 15.6 2.28 (1.13-4.62) 0.93 (0.59-1.47) 

Italy 13.3-36.0 0.94 (0.52-1.68) # 

The Netherlands 8.2-14.1 1.00 1.00 

Poland 10.7-30.0 0.94 (0.50-1.79) 1.19 (0.74-1.91) 

Russia 9.0-10.0 0.85 (0.44-1.64) 0.85 (0.53-1.34) 

Spain 17.3-34.0 2.73 (1.55-4.79) 1.70 (1.09-2.66) 

United Kingdom 11.9-21.9 2.21 (1.24-3.95) 2.61 (1.79-3.80) 
Abbreviations: OR, odds ratio; CI, confidence interval. 
1In Finland this prevalence was found in children aged 11-15 years [17]; In Italy the prevalence was 13.3-22.2% in children 

aged 0-4 years [16], 18.3% in children aged 11-15 years [17], and 36.0% in 9 year old children [19]; In the Netherlands 

the prevalence was 8.2% among 11-15 year old children [17], 11.0-12.0% in children aged 7-17 years [19], and 14.1% in 

1-4 year old children [16]; In Poland the prevalence varied from 10.7% in children aged 11-15 years [17], and 12.0-18.0% 

in children aged 7-17 years [19], to 17.1-30.0% in 1-4 year old children [16]; In Russia the prevalence was 9.0-10.0% in 

children aged 7-17 years [17,19]; In Spain the prevalence varied from 17.3% among 11-15 year old children [17], and 

21.0-34.0% among 7-17 year old children [19], to 29.7-33.2% among 0-4 year old children [16]; In the UK prevalence rates 

varied from 11.9% among children aged 11-15 years [17], and 19.8-21.9% among children aged 2-4 years [16], to 20.0-

21.0% in children aged 7-17 years [19]. 
2Adjusted OR for age, gender, dialysis type;  
3Adjusted OR for age and gender. 

# Number of patients in this category was too low to obtain an effect estimate. 
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DISCUSSION 

 

In this analysis of the European paediatric ESRD population over the past 15 years, we found 

a considerably higher global prevalence of overweight (20.8%) and obesity (12.5%) than of 

underweight (3.5%). Only in the infant group, a substantial fraction of patients was affected 

by underweight (15.8%), in keeping with considerable clinical difficulties in helping children 

with ESRD to thrive [1]. Our prevalence figures for overweight and obesity were slightly lower 

than estimates in the North American paediatric ESRD population [5], in keeping with findings 

from the International Paediatric Peritoneal Dialysis Network registry [8]. The high prevalence 

of overweight and obesity mirrors the distribution observed in recent studies in the general 

childhood population in Europe [17–19].  

 

We also for the first time describe remarkable country-to-country differences in prevalence 

estimates for being overweight or obese in children on RRT. Globally overweight and obesity 

were most prevalent in Spain and the United Kingdom, partly reflecting the situation 

observed among healthy children, where overweight and obesity is particularly common in 

the Mediterranean region [16,18,19] and among children from the British islands [16]. Potential 

differences in nutritional and growth management across countries might also contribute to 

this variation [8]. The Finnish children displayed a high prevalence of overweight and obesity 

while on dialysis, but not following transplantation. This finding may reflect a particularly 

efficient enforcement of nutritional targets in dialyzed infants, an age group which is likely 

overrepresented in the Finnish cohort due to the high incidence of congenital nephrotic 

syndrome in this country. After transplantation, which largely reflects the post-infantile period, 

Finnish children with ESRD appear to adopt the relatively low obesity prevalence typical for 

this country. 

 

In general, transplantation apparently increased the risk of overweight and obesity in the 

paediatric ESRD population. A lower BMI% and older age at the start of RRT, as well as a 

longer duration of dialysis or a longer time with a functioning graft were associated with 

greater changes in BMI% from the start of RRT. The BMI% of children who were transplanted 

pre-emptively or who received a transplant within 1.5 years after starting RRT increased 

substantially, whereas smaller changes were seen in children who commenced, or remained 

on, dialysis. These findings are in keeping with results of the North American Paediatric Renal 

Trials and Cooperative Study [5]. Increased caloric intake [2] and glucocorticoid-based 

immunosuppression are well known factors associated with post-transplant weight gain 

[2,10,14,15]. Indeed we found a 23% higher risk of overweight in graft recipients receiving 

steroids as compared to patients on steroid-free protocols.  

Surprisingly, we found an inverse association between height SDS and being overweight or 

obese in renal graft recipients. Short stature is related to obesity in healthy adults [28,29], 

whereas in healthy children height and BMI are positively correlated [28,30]. In our study this 
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association might be a consequence of glucocorticoid therapy, which is associated with 

both impaired growth as well as with weight gain [31]. Some patients may demonstrate a 

particular sensitivity to glucocorticoids by growth failure and excessive weight gain. Whilst 

statistical adjustment for the use of steroids did not remove this association, this might be 

explained by confounding by indication, i.e. glucocorticoid therapy is most likely to be 

discontinued or avoided in patients with a short stature and/or in those who are overweight. 

The very limited available glucocorticoid dosing information did not allow studying the role 

of steroid therapy in more detail. Furthermore, the association also tended to be present in 

dialyzed infants, in keeping with previous smaller studies reporting that children who were 

obese at the time of transplant had a shorter stature compared to non-obese children [6,10]. 

A likely explanation for this finding is that in poorly growing infants on enteral nutrition, the 

energy intake tends to be forced up to supraphysiological levels, leading to overweight and 

obesity with very limited effect on length gain. In addition, nutritional supplementation was 

found to improve weight but not height gain [32], suggesting that protein-energy wasting, a 

concept characterized by maladaptive metabolic responses to caloric intake and growth 

retardation [33], might have contributed to the observed association between short stature 

and overweight. Moreover, the association between short stature and being overweight 

might, at least partly, be attributable to the expression of BMI relative to height-age instead 

of chronological age. Data on BMI in children showed that during mid childhood expressing 

BMI relative to height-age better reflected adiposity in children with a short stature than BMI 

according to chronological age. This situation changes after completing of sexual 

maturation; at this stage, BMI for chronological age appears to give more valid estimates of 

adiposity than height-related BMI. This accounts for both children with chronic kidney disease 

[34] as for healthy children (Bonthuis et al, unpublished data). We therefore only included 

patients younger than 16 years of age, since data on pubertal development were not 

reported in the registry.  

 

Predictors for being underweight were younger age, as well as receiving dialysis treatment 

compared to having a functioning graft. A higher risk of being underweight in young children 

compared to older children was also found in a study in PD patients [12] and might be due 

to a poor caloric intake and vomiting, which occur frequently in young children with chronic 

kidney disease [1].  

A limitation of this study is a potential overestimation of BMI within the paediatric dialysis 

population due to the presence of fluid overload [35]. However, since fluid overload is a 

well-known phenomenon [3], and because we requested data on dry body weight, it is 

not very likely that a large overestimation of  BMI occurred. On the other hand, to capture 

underestimation of the BMI as a result of growth retardation and delayed maturity, we 

expressed the BMI relative to height-age instead of normalizing to chronological age for 

children aged 2-16 years.  
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A major strength of our study is the inclusion of a large number of patients with repeated 

measurements from several different European countries as well as the inclusion of both 

dialysis and transplanted patients, whereas most others studied dialysis [8,12] and 

transplant patients [5–7,10,14,15,36] separately. Furthermore, we included data on infants, 

whereas most other studies restricted their analyses to children older than 2 years of age, 

as normative BMI values for infants became available only recently [21–23]. 

 

CONCLUSION 

 

In European children on RRT the prevalence of overweight and obesity outweighs the 

prevalence of underweight; only in infants underweight is still a common problem. 

Overweight and obesity were predominately observed in patients from Spain and the United 

Kingdom. The BMI increases substantially post-transplant, and short stature has a strong 

association with overweight and obesity. As both a low and a high BMI are associated with 

increased mortality risk, nutritional therapy for paediatric ESRD patients should not be limited 

to the prevention of protein-energy malnutrition but should encompass weight management 

in general. 
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