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Abstract

Background Associations between anthropometric measures and patient outcomes in children are inconsistent and mainly
based on data at kidney replacement therapy (KRT) initiation. We studied associations of height and body mass index (BMI)
with access to kidney transplantation, graft failure, and death during childhood KRT.

Methods We included patients < 20 years starting KRT in 33 European countries from 1995-2019 with height and weight
data recorded to the ESPN/ERA Registry. We defined short stature as height standard deviation scores (SDS) <—1.88 and tall
stature as height SDS > 1.88. Underweight, overweight and obesity were calculated using age and sex-specific BMI for height-
age criteria. Associations with outcomes were assessed using multivariable Cox models with time-dependent covariates.
Results We included 11,873 patients. Likelihood of transplantation was lower for short (aHR: 0.82, 95% CI: 0.78-0.86), tall
(aHR: 0.65, 95% CI: 0.56-0.75), and underweight patients (aHR: 0.79, 95%CI: 0.71-0.87). Compared with normal height,
patients with short and tall statures showed higher graft failure risk. All-cause mortality risk was higher in short (aHR: 2.30,
95% CI: 1.92-2.74), but not in tall stature. Underweight (aHR: 1.76, 95% CI: 1.38-2.23) and obese (aHR: 1.49, 95% CI:
1.11-1.99) patients showed higher all-cause mortality risk than normal weight subjects.

Conclusions Short and tall stature and being underweight were associated with a lower likelihood of receiving a kidney
allograft. Mortality risk was higher among pediatric KRT patients with a short stature or those being underweight or obese.

Our results highlight the need for careful nutritional management and multidisciplinary approach for these patients.

Keywords Growth - Body composition - Mortality - Kidney transplantation - Children

Introduction

Mortality risk in pediatric patients on kidney replacement
therapy (KRT) remains at least 10 times higher compared
with the general pediatric population [1]. Patient survival
in pediatric KRT is multifactorial [2, 3] and anthropometric
measures such as height and body mass index (BMI) are
also associated with increased mortality [4—6]. Furthermore,
abnormal height and body composition in pediatric KRT
have been associated with other poor clinical outcomes, such
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as lower quality of life [7], lower access to kidney transplan-
tation and lower graft survival [4-6, 8].

Short stature remains a major problem among children
on KRT. Reduced adult height has been reported in approxi-
mately 40% of patients commencing KRT during childhood
[9]. Short stature is associated with increased hospitalization
[8] and mortality risk [5, 6, 8], mainly due to a higher risk
of infectious complications. Interestingly, a study among US
pediatric KRT patients [5] reported also a higher mortality
risk for tall patients. However, this association was limited
to patients with elevated BMI. The mechanisms behind this
association are not entirely clear, but taller subjects seem to
receive less adequate dialysis [10]. However, as most chil-
dren are transplanted rapidly this seems to occur far less
frequently in children [5].
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Both extremes in BMI were associated with higher mor-
tality risk in pediatric KRT [4, 6]. Obesity might also pre-
clude patients from receiving a kidney transplant [4]. Since
the increase in obesity in pediatric KRT seems to parallel
the global obesity epidemic [11], this might further affect
future kidney transplantation rates. Furthermore, obesity
might adversely affect (short-term) graft function in chil-
dren [12—-14], but associations are not convergent across all
studies [15].

Although associations of anthropometric measures and
clinical outcomes might not be causal, poorer outcomes for
patients with extreme values for both height and BMI may
at least partly reflect nutritional status and severity of illness.
Nevertheless, those associations indicate the importance of
obtaining a normal body composition for the patients’ daily
functioning, not only during childhood, but also later in life.

Reported associations are divergent and mainly based
on anthropometric data collected at KRT initiation or from
studies in the USA. However, anthropometric measures are
easy to obtain during routine clinical visits. Therefore, we
aimed to study the association of height and BMI throughout
the entire course of childhood KRT with clinical outcomes
in a large cohort of European pediatric patients with stage 5
chronic kidney disease (CKD).

Methods
Data source and population

Height and weight data were collected within the framework
of the ESPN/ERA Registry. On an annual basis the Regis-
try collects individual patient data of all European children
requiring KRT [16].

For the present analyses, we included all chil-
dren < 20 years starting KRT between January 1995 and
December 2019 for whom data on height and weight were
available, including the following 33 European countries:
Albania, Austria, Belarus, Belgium, Bulgaria, Croatia,
Czech Republic, Estonia, Finland, France, Georgia, Ger-
many, Hungary, Ireland, Italy, Latvia, Lithuania, Malta,
Moldova, Montenegro, the Netherlands, North Macedonia,
Norway, Poland, Portugal, Russia, Serbia, Slovakia, Slove-
nia, Spain, Switzerland, Turkey, and United Kingdom. The
Medical Ethics Review Committee of the Amsterdam Medi-
cal Center, the Netherlands provided a waiver for ethical
approval of this study (W21_257# 21.283).

Definition of variables
Height was expressed as standard deviation scores (SDS)

based on recent national or European growth charts [17].
Short stature was defined as height SDS <-1.88 and
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tall stature as height SDS > 1.88. BMI was calculated as
weight/height® and expressed according to chronological
age (0-1.99 year olds) or height-age (>2 year olds) [18].
We defined underweight, overweight and obesity using age-
and sex-specific criteria of the World Health Organization
(0-1.99 year olds) [19] and the International Obesity Task
Force cut-offs (> 2 year olds) [20, 21]. Primary renal disease
(PRD) and causes of death were categorized according to the
ERA coding system. Cardiac failure, cardiac arrest/sudden
death, myocardial ischemia and infarction, and cerebrovas-
cular accident were combined as cardiovascular mortality
[22].

Statistical analyses

Access to kidney transplantation, mortality and graft failure
risk were calculated as hazard ratios using time-dependent
Cox proportional hazards regression models with country
as random effect, and adjusting for late entry into the risk
set. Whenever appropriate according to the criteria for con-
founding, sex, PRD, donor type, time-varying age and time-
updated KRT modality were included in adjusted models. In
the analyses on access to transplantation, only first kidney
transplants were considered. Time between KRT start and
transplantation was set at 0.5 days for those transplanted
pre-emptively. In sensitivity analyses, we tested the effect
of reference chart choice by repeating our analyses defining
stature and BMI status according to Centers of Disease Con-
trol and Prevention (CDC) growth references [23]. As CDC
provides reference values for BMI from 2 years onwards,
children below 2 years of age were excluded from these
analyses. Furthermore, we repeated all analyses expressing
BMI according to chronological age rather than height-age
for all patients. Since our study has a follow-up of almost
25 years, characteristics and treatment of pediatric KRT
patients (e.g. immunosuppression protocols) might have
changed during follow-up. Therefore, we also repeated our
analyses stratifying by year of KRT initiation: 1995 <2000
(N=965) and >2000 (N=10,908). P-values < 0.05 were
considered statistically significant. All statistical analyses
were performed in SAS version 9.4 (SAS Institute Inc., Cary,
NC, USA).

Results
Patients

Information was available for 11,873 patients, providing
61,906 measurements (median: 4; IQR: 2-7) for a median
follow-up of 4.7 (IQR: 2.3-7.9) years. For 62% of patients
at least two height and weight measurements were provided.
Most patients were male (58.4%), aged between 12 and
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19 years when commencing KRT (38.3%), started KRT on
peritoneal dialysis (PD) (43.9%) and had congenital anoma-
lies of the kidney and urinary tract (CAKUT) (36.1%) as
PRD (Table 1).

During follow-up, short stature was observed in 42.7%
of patients, whereas only 1.4% had a tall stature. Most
patients had a normal weight (67.7%), followed by over-
weight (17.9%), obesity (9.6%) and underweight (4.9%).
Overweight and obesity were most common among patients
with a short stature, whereas underweight occurred more
frequently in tall patients (Fig. 1).

Access to kidney transplantation

Patients both with short and tall statures had a lower likeli-
hood of kidney transplantation compared with patients with
a normal stature, which remained statistically significant
after adjustment for age, sex, and PRD (short aHR: 0.82,
95% CI: 0.78-0.86; tall aHR: 0.65, 95% CI: 0.56-0.75)
(Table 2).

Compared with normal weight patients, underweight
patients (aHR: 0.79, 95% CI: 0.71-0.87) were less likely
to receive a kidney transplant. For obese patients we found

Table 1 Patient characteristics at initiation of kidney replacement
therapy

Total N=11,873
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Fig.1 Proportion of patients being underweight, normal weight,
overweight and obese stratified by stature

a similar trend (aHR: 0.93, 95% CI: 0.84—1.02), whereas
overweight patients were more likely to receive a kidney
transplant compared with normal weight subjects (aHR:
1.13; 95% CI: 1.06-1.21) (Table 2). When stratifying by
donor source, we found a lower likelihood of receiving
living related donor (LRD) kidneys (aHR: 0.72, 95% CI:
0.59-0.88) and deceased donor (DD) kidneys (aHR: 0.82,
95% CI: 0.73-0.92) for underweight compared with normal
weight subjects. Although not statistically significant, a sim-
ilar trend was seen among obese patients (aHR LRD: 0.89,
95% CI: 0.75-1.06 and aHR DD: 0.95, 95% CI: 0.84—1.07).

Also excluding patients with the lowest chance of
receiving a kidney transplant (i.e. patients with a body
weight < 10 kg) resulted in a lower likelihood of kidney

Table 2 Associations between anthropometric measures and access to
kidney transplantation

No. (%)
Age (years)
0-1.99 1845 (15.5%)
2-5.99 1899 (16.0%)
6-11.99 3587 (30.2%)
12-19.99 4542 (38.3%)
% Male 58.4
First treatment modality
HD 4486 (37.8%)
PD 5217 (43.9%)
Kidney transplant 2082 (17.5%)
Unknown dialysis 88 (0.7%)
Primary renal disease
CAKUT 4283 (36.1)
Glomerulonephritis 2095 (17.7)
Cystic kidneys 1421 (12.0)
Hereditary nephropathy 713 (6.0)
Ischemic renal failure 215 (1.8)
HUS 490 (4.1)
Metabolic disease 375 (3.1)
Vasculitis 213 (1.8)
Miscellaneous 1257 (10.6)
Unknown/Missing 811 (6.8)

Unadjusted
HR (95% CI)

Adjusted®
HR (95% CI)

Height

Short stature
Normal stature (reference)
Tall Stature

BMI

Underweight

Normal weight (reference)
Overweight

Obese

0.86 (0.82-0.90)
1.00
0.59 (0.51-0.69)

0.75 (0.68-0.83)
1.00

1.14 (1.07-1.22)
0.96 (0.87-1.05)

0.82 (0.78-0.86)
1.00
0.65 (0.56-0.75)

0.79 (0.71-0.87)
1.00

1.13 (1.06-1.21)
0.93 (0.84-1.02)

HD hemodialysis; PD peritoneal dialysis; CAKUT congenital anoma-
lies of the kidney and urinary tract; HUS hemolytic uremic syndrome

?Adjusted for country, sex, age and primary renal disease

Abbreviations: HR hazard ratio; CI confidence interval, BMI body
mass index
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transplantation for short, tall and underweight patients (Sup-
plemental material).

Graft failure

Kidney transplant recipients with short (aHR: 1.41, 95% CI:
1.24-1.59) or tall statures (aHR: 1.68, 95% CI: 1.09-2.60)
showed an increased risk of graft failure compared with
patients having a stature within the normal range. Additional
adjustment for body weight or BMI did not attenuate these
associations. We did not find any statistically significant
associations between BMI categories and graft failure risk,
but the graft failure risk for obese children seemed to be of
borderline significantly lower risk compared with normal
weight children (aHR: 0.81, 95% CI: 0.66—1.01) (Table 3).

Table 3 Associations between anthropometric measures and kidney
graft failure

Unadjusted
HR (95% CI)

Adjusted?
HR (95% CI)

Height
Short stature 1.42 (1.26-1.61) 1.41(1.24-1.59)
Normal stature (reference) 1.00 1.00
Tall Stature 1.45(0.93-2.25)  1.68 (1.09-2.60)
BMI
Underweight 1.08 (0.79-1.48) 1.13 (0.83-1.54)
Normal weight (reference) 1.00 1.00
0.91 (0.78-1.07)  0.92 (0.78-1.07)

0.81 (0.66-1.00)  0.81 (0.66-1.01)

Overweight
Obese

#Adjusted for country, sex, age, primary renal disease and donor type

Abbreviations: HR hazard ratio; CI confidence interval, BMI body
mass index

Mortality

After a median follow-up of 2.2 years on KRT [IQR:0.9-4.9]
626 patients died (of whom 70% on dialysis). Causes of
death were known for 78% of the patients. Most patients
died from infections (23.6%) or cardiovascular complica-
tions (22.8%).

Hazard ratios for the associations between height and
mortality are presented in Fig. 2 (left panel). Being of short
stature was associated with a higher all-cause mortality risk
(aHR: 2.30, 95% CI: 1.92-2.74) compared with patients hav-
ing a stature within the normal range. We did not find such
association for patients with tall stature.

Patients with a short stature showed an increased risk of
death from infections compared with normal stature patients,
independent of country, age, sex, PRD, and treatment modal-
ity (aHR: 3.95, 95% CI: 2.63-5.92). The risk of cardiovas-
cular mortality was also higher among patients with a short
stature than in those with a normal height (aHR: 2.19, 95%
CI: 1.51-3.16). When stratifying by treatment modality most
associations remained similar but seemed to be stronger for
transplant recipients than for dialysis patients (Supplemental
table).

All-cause mortality risk was higher among underweight
(aHR: 1.76, 95% CI: 1.38-2.23) than among normal weight
patients (Fig. 2, right panel). Obesity, but not overweight,
was associated with a higher all-cause mortality risk (aHR:
1.49, 95% CI: 1.11-1.99). Compared with normal weight
patients, underweight (aHR: 2.20, 95% CI: 1.41-3.42),
overweight (aHR: 2.02, 95% CI: 1.23-3.32) and obese
(aHR: 2.30, 95% CI: 1.24-4.28) patients had an increased
risk of death from cardiovascular disease (Fig. 2, right
panel).

Stature HR (95% Cl) BMI category HR (95% CI)
Short (unadjusted) 2.40 (2.02-2.86) | All cause mortality e underweight (unadjusted) 1.82 (1.43-2.31) [All cause mortality ——
j 2.30 (1.92-2.74) underweight (adjusted) 1.76 (1.38-2.23)
Short (adjusted) . . . normal weight 1.00
Normal (reference) 1.00 overweight (unadjusted) 0.88 (0.68-1.13) —eH
Tall (unadjusted 0.48 (0.20-1.17 —_— overweight (adjusted) 1.04 (0.81-1.34)
Tall Ead'usjted) ) 043 (0 171 05) M obese (unadjusted) 1.18 (0.88-1.58) He—
. 43 (0.17-1.05) obese (adjusted) 1.49 (1.11-1.99)
Short (unadjusted) 4.18 (2.80-6.24) [Infection related mortality —— underweight (unadjusted) 1.46 (0.89-2.40) (Infection related mortality H——
j 3.95 (2.63-5.92) underweight (adjusted) ~ 1.39 (0.85-2.29)
Short (adjusted) - .63-5. normal weight 1.00
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Tall (unadjusted) 0.56 (0.08-4.13) O\éETWe(ight L(jadjltjsé?d) 1083 ((ggg—; g?))
) obese (unadjuste . .59-2. ——
Tall (adjusted) 0.51(0.07-3.79) obese (adjusted) 1.23 (0.66-2.28)
Short (unadjusted) 2.26 (1.58-3.23) [ Cardiovascular mortality —— underweight (unadjusted) 2.20 (1.41-3.42) |cardiovascular mortality ——
j - underweight (adjusted) ~ 2.20 (1.41-3.42)
Short (adjusted) ~ 2.19 (1.51-3.16) gt j
normal weight 1.00
Normal (reference) 1.00 overweight (unadjusted) 1.62 (0.98-2.67) ——
Tall (unadjusted) # overweight (adjusted) 2.02(1.23-3.32)
Tall (adjusted) # obese (unadjusted) 1.76 (0.94-3.27) ——
obese (adjusted) 2.30(1.24-4.28)
T T
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Fig.2 Forest plots for the associations of height (left panel) and BMI
(right panel) categories and all cause, infection related, and cardio-
vascular mortality. The black and grey diamonds and bars represent
the unadjusted and adjusted hazard ratios and 95% confidence inter-
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vals, respectively. Adjustments were made for country, sex, age, pri-
mary renal disease, and treatment modality. # Number of subjects
was too low to obtain any effect estimate. Abbreviations: HR, Hazard
ratio; CI, confidence interval; BMI, body mass index
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Sensitivity analyses

The results of our sensitivity analyses are provided in the
Supplemental material. Neither the association between
stature and access to transplantation, nor the association
between stature and mortality was affected by growth refer-
ence chart choice, as similar results were obtained when
height status was categorized according to CDC growth ref-
erences. Similarly, we did not find any different associations
for BMI based on CDC reference charts. Moreover, BMI for
chronological age rather than BMI for height-age yielded
similar results as the main analyses. Analyses stratified by
year of KRT initiation (before or after the year 2000) also
yielded similar results as our main analyses (Supplementary
tables).

Discussion

Our pan-European study in pediatric KRT patients, suggests
that both height and BMI have substantial impact on kidney
transplantation, graft failure and mortality risk. We found a
higher mortality risk among patients with a short stature or
those who were underweight throughout the course of pedi-
atric KRT. Extremes in both height and BMI were associated
with a lower likelihood of receiving a kidney transplant and
graft failure was higher among short and tall patients.

Abnormal height and body composition are common
complications of childhood CKD [24], simultaneously they
are risk factors for poor outcomes after (pediatric) KRT, like
increased hospitalizations [8], increased mortality [4—6, 8],
and lower quality of life [7]. Given the impact of anthropo-
metric measures on patient outcomes after pediatric KRT,
these measures can assist in finding the most vulnerable
patients and tailor treatment accordingly.

Access to kidney transplantation

Irrespective of reference chart, we consistently found lower
kidney transplantation rates for short and underweight
patients compared with patients of a normal stature or
weight, respectively. Also, after excluding patients with a
body weight below 10 kg, generally considered unsuitable
transplant candidates because of technical reasons [25],
kidney transplantation rates were lower in short and under-
weight patients. This is not surprising, as underweight and
short patients are likely to be the sickest patients.

Obese patients also had a lower likelihood of kidney
transplantation. Obesity can be a contra-indication for trans-
plantation in adult nephrology care because of increased risk
for complications and worse transplant outcomes [26], but
seems uncommon in pediatric nephrology [27]. However,
as obesity runs within families, difficulty in finding suitable

LRD kidneys for obese patients [28] might contribute to
this finding. Stratifying for donor source did not show any
differences in access to kidneys from deceased or living
donors among obese patients, suggesting that other factors
are involved, such as overall health status of donors and
recipients. Unfortunately, we were not able to investigate
this in more detail.

Surprisingly, overweight patients were more likely to
receive a kidney transplant than normal weight patients. We
postulate that these patients were probably considered ‘well-
nourished’ and not so much high-risk patients. Another
explanation might be country differences in both prevalence
of overweight and access to kidney transplantation among
dialysis patients. Previous registry studies showed that dialy-
sis patients from Finland, Spain and United Kingdom were
more likely to be overweight [18] and those same countries
all have a very good access to kidney transplantation [29].
Although we adjusted our analyses for country, there might
be some residual confounding.

Graft failure

Kidney graft failure was higher among short and tall
patients. A recent CKiD study reported that patients with
short statures prior to kidney transplantation had a 40%
faster progression to eGFR < 45 ml/min/1.73 m? post-trans-
plant [13]. The authors speculated that mineral metabolism,
chronic inflammation, and poor nutrition might contribute
to poor transplant outcomes in children with growth failure
[13]. On the other hand, it is unclear why tall children had
a higher graft failure risk than children of normal height.
This association was independent of body weight or BMI.
Tall stature might be the result of overgrowth syndromes
associated with poor outcomes. While for some of the tall
patients information on extra-renal comorbidities was listed,
including disorders of sex development, neurofibromatosis
I and Marfan syndrome, the overall information on comor-
bidities included in the registry was too limited to study
in more detail. Although we adjusted our analyses for age,
the proportion of children younger than 2 years commenc-
ing KRT was much higher among tall subjects (34%) than
among short or normal height patients (both 7%), an age
group with poorer kidney graft survival [30]. Given the low
number of tall subjects included (N=167) this warrants fur-
ther exploration.

Underweight, overweight or obesity were not risk fac-
tors for graft failure. Other pediatric studies reported con-
flicting results. While Kaur et al. reported higher risk for
graft failure among overweight and obese patients, being
underweight seemed to be protective [14]. An ANZDATA
Registry study found a higher graft failure risk among
obese, but not among underweight or overweight patients
[15]. Both studies based their conclusions on pre-transplant
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BMI only, whereas we included all available BMI measure-
ments to estimate its effect on kidney graft failure. Moreo-
ver, a meta-analysis among adult patients with stage 5 CKD
reported that obesity was a risk factor for graft loss before
the year 2000, but after 2000 graft survival of obese and
non-obese patients was similar [31]. In our cohort most
patients were transplanted after 2000, and our sensitivity
analyses stratifying by year of KRT start before or after
the year 2000 yielded similar results compared with the
full cohort.

Stature and mortality

Short patients showed an increased mortality risk, independ-
ent of country, age, sex, and treatment modality. Both mor-
tality due to infections and cardiovascular mortality were
significantly higher among patients with a short stature.
These findings are in line with previous studies on height at
KRT initiation [5, 6, 8]. It is unlikely that poor growth itself
causes increased mortality, but as a marker of disease sever-
ity or nutritional status, it has been associated with reduced
health-related quality of life [32] and might predispose to
infections [8]. Moreover, growth failure could also be caused
by genetic factors, including syndromic disorders associated
with CKD [24] and as such being associated with increased
mortality.

Tall stature was not associated with mortality. In contrast
to our findings, US studies in both pediatric and adult KRT
patients reported an increased risk of death for patients with
a tall stature at KRT initiation [5, 10, 33]. However, among
US pediatric patients the increased mortality in tall subjects
was limited to white and/or obese patients [5]. The authors
suggested that this association might be due to higher malig-
nancy-related death, possibly due to higher lifetime expo-
sure to immunosuppressive drugs. In our study none of the
patients who died of malignancies had a tall stature.

BMI and mortality

Being a marker of malnutrition and/or severity of illness
[4, 6], it was not surprising to find an increased all-cause
mortality risk for underweight patients. Like US stud-
ies [4, 6], we found an association between obesity and
all-cause mortality risk. However, when Ku et al. [4]
additionally adjusted their models for kidney transplan-
tation as a time-dependent variable, the higher mortality
risk among obese patients was attenuated, and our mod-
els were adjusted for time-varying treatment modality.
This difference can be partly explained by the timing of
BMI measurements. Ku et al. only included BMI meas-
urements at first KRT, whereas our analyses included
all available BMI measurements throughout childhood
KRT. Moreover, the authors expressed BMI according to
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chronological age, but our sensitivity analyses with BMI
for chronological age yielded similar results as our main
analyses on BMI for height-age. Different case mix of
patient populations in Europe and North America could
also have contributed to these differences.

Interestingly, we also found an increased risk of cardio-
vascular mortality among obese patients, suggesting that
BMI during childhood KRT already has cardiovascular
impact. Indeed, in studies among pediatric CKD patients
and children treated with PD, adiposity was associated
with several markers of cardiovascular disease, such as
left ventricular hypertrophy [34] and arterial stiffness [35].
Although it seems to be beneficial for cardiovascular health
to lose weight, a recent study among US children treated
with KRT found an increased mortality risk in patients with
a large annual BMI decrease, but not for those whose BMI
decreased moderately [36].

Strengths and limitations

Strengths of this study include the large sample size
including height and weight measurements during the
entire course of childhood KRT and the multinational
data acquisition across Europe. This enabled us to assess
associations of anthropometric markers and hard clinical
outcomes. Furthermore, obtaining similar results through
several sensitivity analyses, including the comparison
between previous and current eras of pediatric kidney
transplantation, strengthens our conclusion that despite
improved quality of care sicker patients (e.g. short stat-
ure and underweight patients) universally show poorer
outcomes after pediatric KRT. Nevertheless, some limi-
tations inherent to the study design need to be acknowl-
edged. Due to the observational nature of the ESPN/ERA
Registry, we cannot prove causation. Moreover, BMI as
a marker of adiposity does not differentiate between lean
and fat body mass. However, it is the most used marker
of obesity in childhood, and a recent study among pedi-
atric CKD patients in the US found that BMI and waist
circumference showed good agreement in associations
with several metabolic and cardiovascular markers [37].
Another limitation of our study was the lack of detailed
data on growth hormone treatment and immunosuppres-
sive regimens including corticosteroid therapy, as well as
limited information on extra-renal comorbidities.

In summary, we found that short and tall stature and
both extremes in BMI among pediatric KRT patients
were associated with decreased likelihood of kidney
transplantation and a greater mortality risk, especially
from cardiovascular causes. Obesity might thus have
substantial impact on cardiovascular risk among chil-
dren treated with KRT. As cardiovascular risk factors
track from childhood to adulthood, pediatric obesity
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might have an even stronger cardiovascular impact when
follow-up was extended into adulthood. Therefore, our
findings add to the existing evidence that lifestyle modi-
fication, nutritional management, and growth hormone
treatment in persistent short stature is of paramount
importance in these patients.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00467-023-05973-3.
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