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SUMMARY

Over the past 30 years, there has been an improvement in both patient
and graft survival after pediatric renal transplantation (RTX). Despite this
success, these patients still carry an elevated risk for untimely death, partly
through premature aging of the vasculature. The aim of this study was
thus to investigate the long-term outcome of individuals with RTX in
childhood, as well as to explore the cardiovascular health of these adults
more than a decade later. We studied 131 individuals who had undergone
a RTX between the years 1979 and 2005. Furthermore, left ventricular
hypertrophy (LVH), coronary artery calcifications (CAC), and related
metabolic factors were investigated in a cross-sectional study including 52
individuals as part of the initial cohort. The mortality rate (n = 131) was
12.2%. The median estimated graft survival was 17.5 years (95% CI 13.6–
21.3), being significantly better in children transplanted below the age of
5 years (18.6 vs. 14.3 years, P < 0.01) compared with older ones. CAC
were found in 9.8% and LVH in 13% of the patients. Those with cardiac
calcifications had longer dialysis vintage and higher values of parathyroid
hormone (PTH) during dialysis. Left ventricular mass correlated positively
with systolic blood pressure, PTH, and phosphate measured at the time of
the study.
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Introduction

Over a period of more than 30 years, both patient sur-

vival and graft survival have improved after pediatric

renal transplantation (RTX), especially thanks to

improved management of early complications. During

1970–2010, 10- and 20-year graft survival (GS) rates

improved in patients with pediatric RTX from 52% to

85% and 30% to 38%, whereas 10- and 20-year patient

survival rates improved from 79% to 94% and 66% to

82%, respectively [1–10]. The patients included in these

studies were 10–15 years old at the time of RTX, and

their cumulative dialysis time was 2–5 years [2–

6,10–,14]. The inferior GS times of small children (<2–
5 years at RTX) compared with older children have dis-

appeared; today, infants show the best survival rates

[6,15,16].

The mortality of young adults after pediatric RTX

has varied between 7% and 28%, being largely caused

by cardiovascular disease (CVD; 25–50%) [4–

8,10,11,14]. Premature cardiovascular calcifications have

been detected in 10–92% of young adults with a history

of renal replacement therapy (RRT), and the calcifica-

tions have been related to hyperparathyroidism and its

treatment rather than traditional CVD risk factors [12–

14,17–,19].

We decided to study the long-term graft survival,

mortality, and general outcome in pediatric RTX

patients in Finland. The median ages of children initiat-

ing RRT (2.3 years) and at the time of RTX (4.4 years)

are lower in Finland than in most other countries,

because of the high number of patients with congenital

nephrotic syndrome of the Finnish type (CNF) [20].

The unfavorable lipid profile during the nephrosis as

well as subsequent early dialysis commencement in our

patients with CNF might increase the risk for cardiac

complications in our patient population. Therefore, we

decided to investigate further in a cross-sectional study

the incidence of coronary artery calcification (CAC) and

left ventricular hypertrophy (LVH) as well as possible

risk factors, especially the treatment of hyperparathy-

roidism [cumulative intake of active vitamin D and cal-

cium carbonate (CaCO3)] associated with them.

Patients and methods

Patients

A total of 131 pediatric patients, who received their first

RTX in Finland during 1979–2005 and had been treated

in the national pediatric transplantation center,

Children’s Hospital, Helsinki University Central Hospi-

tal, were included in this study. Fifty-two patients par-

ticipated further in the cross-sectional study.

The study protocol was in accordance with the Decla-

ration of Helsinki as revised in 2000 and approved by

local Ethics Committee. A written informed consent

was obtained from each participant.

Study design

Age at first RTX, patient and median GS at 10 and

15 years, and causes for death were drawn for the 131

patients from the Finnish Renal Transplantation Regis-

try. Completeness of this registry has previously been

demonstrated (Report of the Finnish Registry for Kid-

ney Diseases 2014). Patient survival and graft survival

were calculated at the time of graft loss, patient death,

or end of the observation period, whichever came first.

Patient records since the commencement of RRT

were reviewed for the 52 patients participating in the

cross-sectional study. The following data were collected:

cumulative dialysis time, laboratory values possibly

related to LVH and/or CAC, pharmacological treatment

for hypertension, hyperparathyroidism, and growth fail-

ure. Values were used for analysis at 3-month intervals

during dialysis and 12-month intervals post-RTX.

Cross-sectional evaluations were performed at the Chil-

dren’s Hospital in Helsinki. Parathyroid hormone values

(PTH) were indexed because of changes in laboratory

methods and reference values during the observation

period. Uric acid was also indexed to allow comparison

of values between different ages and genders. Indexes

were calculated as the actual value divided by the upper

limit of normal. Estimated glomerular filtration rate

(eGFR) was calculated using the 2012 CKD-EPI crea-

tinine–cystatin C formula [21]. Overweight was defined

as BMI 25–30 kg/m2 and obesity as BMI > 30 kg/m2

and as waist circumference-to-height ratio (WHtR)

≥0.539 based on NHANES III data, which is indepen-

dent of gender [22].

Renal replacement therapy

Dialysis was started or RTX performed when the child

reached severe uremia, showed failure to thrive under

conservative therapy, or was nephrectomized due to

CNF. The basic immunosuppressive protocol after RTX

consisted of triple medication including cyclosporine A,

azathioprine, and methyl prednisolone as previously

described [23–25]. Basiliximab induction was used since

the year 2000. Mycophenolate acid and/or tacrolimus
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were used if calcineurin inhibitor toxicity or recurrent

rejection episodes were detected. The rejection episodes

were verified by core needle or fine needle biopsies [23].

Coronary CT image acquisition and analysis

Computer tomography (CT) scans were performed

using a 64-row spiral scanner (Siemens Somatom AS+,
Erlangen, Germany) and interpreted by a pediatric radi-

ologist. All patients underwent noncontrast prospective

electrocardiography (ECG)-gated sequential coronary

imaging to measure coronary artery calcium score

(CACS). The CT imaging parameters used were 120 kV

tube voltage, effective tube current with 250 mAs, colli-

mation 64 9 0.6 mm, and gantry rotation time 330 ms.

Images were analyzed with a commercially available

software package and delicate workstation (Siemens Cal-

cium Score, Siemens, Erlangen, Germany). The total

calcium burden in the coronary arteries was quantified

by the scoring algorithm proposed by Agatston et al.

[26,27] for adults with and without coronary artery dis-

ease (a cutoff value of 130 Hounsfield Units on an area

density), and predefined calcium score was classified as

normal (0), mild (1–100), moderate (101–400), or sev-

ere (>400). Calcium in the aorta, aortic valve (AV),

mitral annulus or valve (MV), pericardium, myocar-

dium, atrium, or bronchial tree was excluded from the

CACS and reported independently.

Cardiac investigations

Echocardiographic studies were performed using GE

Vivid 7 Pro (General Electric Company, Horten,

Norway) or Philips IE33 (Philips Medical Systems, And-

over, MA, USA) echocardiographic devices. Left ventric-

ular (LV) dimensions were measured from the

parasternal long-axis M-mode and expressed as Z scores

with the use of body surface area (BSA)-related normal

limits [28]. Left ventricular mass (LVM) by echocardio-

graphy was derived from the 2-D measurements of

intraventricular septal thickness, posterior wall thick-

ness, and LV internal dimensions in diastole as recom-

mended by the American Society of Echocardiography

[29]. LVM was divided by BSA to achieve indexed LVM

(LVMI) [28]. LVH was defined as LVMI > 95 g/m2 in

females and >115 g/m2 in males [29].

Statistical analysis

All analyses were done with SPSS version 22 software

(SPSS, Chicago, IL, USA). Normally distributed data

were expressed as mean � SD and non-normally dis-

tributed data as median with interquartile ranges (IQR).

Mann–Whitney U test was used to compare differences

between two groups for continuous variables. Pearson’s

correlation analysis was used for normally distributed

values and Spearman’s correlation analysis for nonpara-

metric values. The Kaplan–Meier method was used for

calculation of graft survival and log rank test to test for

differences in survival between groups. Logistic regres-

sion analysis was used to identify predictors for

increased cardiac calcifications and multiple linear

regression analysis to find explanatory factors for

increase in LVMI. P-values < 0.05 were considered sig-

nificant.

Results

All RTX patients

Median age at the time of the RTX for all 131 eligible

patients was 8.8 (2.7–14.2) years. The 10-year GS was

77% and median estimated graft survival 17.5 (95% CI

13.6–21.3) years, being significantly better for children

transplanted after year 1990 (21.4 vs. 11.8 years,

P = 0.002) and for those transplanted below the age of

5 years (18.6 vs. 14.3 years, P = 0.003) compared with

those having RTX before 1990 or older than 5 years,

respectively (Fig. 1). Sixteen patients (12.2%) had died

at the median age of 24.7 (15.3–30.9) years within a

median follow-up time of 16.8 (11.9–20.14) years. The

causes of death were as follows: myocardial infarction

(n = 4), cerebral hemorrhage (n = 3), aortic aneurysm

(n = 1), infection (n = 4), head injury (n = 1), digestive

tract hemorrhage (n = 1), lymphoma (n = 1), and

under unknown circumstances (n = 1). Only three

deaths occurred in individuals with a working first renal

graft.

The basic demographics of patients participating in

the cross-sectional study did not differ from the whole

cohort of RTX patients (Table 1).

Cross-sectional study

Demographics and laboratory findings

The median age in the cross-sectional study was 23.5

(19.5–27.8) years. The final heights were 170.7 � 7.0

and 157.0 � 5.5 cm in males and females, respectively.

More than half of the patients (65.4%) were treated

with growth hormone after diagnosis of end-stage

renal disease. Systolic blood pressure (SBP) was
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125 � 13 mmHg and diastolic blood pressure (DBP)

71 � 9 mmHg. SBP exceeded 130 mmHg in 34.6% and

DBP 80 mmHg in 28.8%, despite the fact that 55.7%

were on antihypertensive medication. Mean WHtR was

0.50 � 0.06; 25% of the patients were classified as

obese. Based on BMI, only 3.8% were categorized as

obese and 19.2% as overweight. Despite the difference

in the prevalence of obesity defined as WHtR or BMI, a

significant correlation (R = 0.86, P < 0.01) was found

between these two variables. The median cumulative

alfacalcidol dose was 225 lg (31–502) and CaCO3

dose 66 g (38–181). Laboratory findings at the time of

the cross-sectional study are compiled in Table 2 sepa-

rately for those with a working graft and those on dialy-

sis. Brain natriuretic peptide (proBNP) correlated with

eGFR (R = �0.44, P = 0.003) and BMI with blood glu-

cose (R = 0.28, P = 0.047), while no correlation was

found between proBNP and SBP or DBP, or between

lipids and BMI or WHtR, or between WHtR and glu-

cose.

Renal replacement therapy

Peritoneal dialysis was commenced at the median age of

6.8 (1.2–12.5) years. The median time on first-ever dial-

ysis was 0.65 (0.44–1.27) years, and the cumulative dial-

ysis time was 0.93 (0.51–1.92) years. One patient

received his first renal transplant pre-emptively.

First RTX was performed at the median age of 8.8

(2.7–14.2) years, and 37% of the patients were under

5 years of age at that time. Of the first renal grafts, 67%

were from deceased donors (DD) whereas 33% were

from living donors (LD). Ninety-two percent of LD

grafts, compared with 65% of DD grafts, functioned

after 10 years, compared with 92% vs. 48% after

15 years, respectively. At the time of the cross-sectional

study, 34 of the first renal grafts (65.4%) were working

after a median follow-up of 15.8 (9.0–17.1) years, 10

patients had a working re-transplant, and 8 were on

dialysis (6 patients were waiting for 2nd and two for

3rd graft). Eighteen of the first transplants were lost

mostly because of acute or chronic rejection episodes.

Median eGFR for patients with working first graft was

55 (42–69) ml/min/1.73 m2.

Echocardiography

All patients had normal anatomy of the heart. One

patient had undergone pulmonary valvuloplasty as a

newborn and another patient an atrium septum defect

closure by catheter intervention at 21 years of age.

Physiological valve insufficiency (grade I/III) was found

in 54% of the patients. One patient had grade II/III

insufficiency in the aortic valve caused by valve calcifi-

cations (the finding was confirmed by cardiac CT).

LVH was diagnosed in seven male patients (13% of all

patients), but in none of the female patients. LVMI cor-

related (Spearman’s correlation analysis) significantly

with SBP, PTH index, and phosphate (Table 3). SBP,

cumulative alfacalcidol dose, and phosphate at the

time of the cross-sectional study predicted a 21%

increase in LVMI in a multiple linear regression

Figure 1 Graft survival (GS) for the first renal transplants (n = 123).

(a) Median GS for patients transplanted after 1990 is 21.4 years and

before 1990 11.8 years, P = 0.002. (b) Median GS for patients trans-

planted in age < 5 years is 18.6 years and in age > 5 years

14.3 years, P = 0.003.
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Table 1. Basic demographics of all RTX patients and the patients participating in the cross-sectional study

Variable All RTX patients (n = 131) Cross-sectional study (n = 52)

Male patients (%) 91 (69.5%) 36 (69.2%)
Age at first RTX 8.8 (2.7–14.2) 8.9 (2.4–14.3)
0–1 years 22 (16.8%) 11 (21.1%)
2–5 years 26 (19.8%) 8 (15.4%)
6–12 years 40 (30.5%) 15 (28.9%)
13–18 years 43 (32.8%) 18 (34.6%)

Age at study 23.7 (20.5–27.7) 23.5 (19.5–27.8)
Primary disease
Hereditary renal 53 (40.5%) 23 (44.2%)
CAKUT 47 (35.9%) 16 (30.8%)
Glomerular 19 (14.5%) 9 (17.3%)
Other 12 (9.1%) 4 (7.7%)

Transplantation
1 renal graft 103 (78.6%) 40 (76.9%)
2 renal grafts 22 (16.8%) 9 (17.3%)
3 renal grafts 5 (3.8%) 2 (3.9%)
4 renal grafts 1 (0.8%) 1 (1.9%)

Cumulative alfacalcidol intake, lg NA 225.7 (30.7–501.7)
Cumulative calcium intake, g/kg NA 66.3 (38.3–181.4)
Use of growth hormone NA 34 (65.4%)
Use of bisphosphonates NA 10 (19.2%)
Lipid lowering medication NA 9 (17.3%)

CAKUT, congenital anomalies of kidney and urinary tract; NA, not assessed/applicable.

Table 2. Comparison of laboratory characteristics between patients with working renal graft and those on dialysis

Value (reference value) RTX (n = 44) Dialysis (n = 8)

p-Hb (g/l) 123 (114–136) 116 (93–123)
s-hsCRP (≤2.5 mg/l) 1.38 (0.56–2.59) 0.88 (0.33–9.10)
p-IL-6 (≤5.9 ng/l) 4.0 (2.5–6.9) 4.5 (2.2–15.0)
p-Calcium (≤2.51 mmol/l) 2.39 (2.32–2.51) 2.38 (2.13–2.44)
p-Phosphate (≤1.53 mmol/l) 1.00 (0.88–1.15) 1.65 (1.17–2.02)
p-Ca x p-P product 2.45 (2.10–2.75) 3.57 (2.63–5.11)
p-PTH index* 1.03 (0.50–1.76) 5.47 (2.87–7.50)
p-Magnesium (≤0.94 mmol/l) 0.74 (0.67–0.82) 0.91 (0.85–1.01)
fp-Zinc (11–22 lmol/l) 12.0 (10.0–13.0) 13.5 (10.5–15.7)
p-Homocystein (≤15 lmol/l) 19.6 (14.9–26.4) 18.4 (15.4–34.2)
fs-Folic acid (5.3–40 nmol/l) 9.8 (7.2–19.4) 26.0 (9.0–30.1)
s-Vitamin B12 (140–540 pmol/l) 438 (346–616) 525 (420–724)
p-Uric acid index† 1.15 (1.04–1.25) 0.87 (0.58–1.16)
p-Creatinine (≤100 lmol/l) 125 (106–152) 692 (468–734)
p-Albumin (36–48 g/l) 41.6 (38.1–44.6) 37.6 (33.0–43.5)
p-proBNP (<84 ng/l) 89 (64–243) 1875 (561–4215)
fp-Cholesterol (<5.0 mmol/l) 4.1 (3.5–4.7) 4.1 (3.0–4.5)
fp-ApoA-1 (>1.2 g/l) 1.39 (1.24–1.58) 1.30 (1.03–1.53)
fp-ApoB (<1.1 g/l) 0.69 (0.56–0.78) 0.66 (0.57–0.81)
eGFR (ml/min/1.73 m2) 55 (42–69)

ApoA-1, apolipoprotein A-1; ApoB, apolipoprotein B-100; eGFR, estimated glomerular filtration rate; p-P, plasma phosphate.

*Calculated as actual PTH divided by upper reference value.
†Calculated as actual uric acid divided by upper reference value.

Transplant International 2020; 33: 89–97 93

ª 2019 Steunstichting ESOT

Long-term RTX outcome and cardiac pathology



analysis, [b (Adjusted R Square) = 0.59, 95% CI 0.08–
1.103, P = 0.03), (b = 0.01, 95% CI 0.00–0.02,
P = 0.06), and (b = 17.95, 95% CI �1.27 to 37.17,

P = 0.07), respectively.

Cardiac CT

Cardiac CT was examined in 51 patients. CACs were

found in five patients (9.8%), other cardiac calcifica-

tions in two (3.9%), and extracardiac calcifications in

one (2.0%) individual. The overall cardiac calcification

rate was thus 13.7% (Table 3). CAC was categorized as

mild in three patients, as moderate in one, and as severe

in one patient. The CACS varied between 15.4 and

1122.4. The patient with the highest CACS also

expressed calcifications in the left side of the heart [left

atrium (LA), MV and AV]. The individual with the

third highest CACS showed calcifications in the

bronchi, aortic arch, and left side of the heart (AV,

MV). Five years before study, a subcutaneous inflamed

calcified infiltration was removed from the left groin of

a patient who expressed bronchial and AV calcifications

but no CAC.

Clinical differences in patients with and without cal-

cifications in cardiac CT are summarized in Table 4.

The follow-up time since the first dialysis did not differ

between those with calcifications and those without, but

patients with calcifications had longer cumulative dialy-

sis time, higher PTH index during dialysis, and higher

DBP at the time of the investigation. In the logistic

regression analysis, calcifications found in the CT were

significantly associated with cumulative dialysis time

(OR 0.41, 95% CI 0.19–0.89, P = 0.02), but not with

mean PTH index during dialysis (OR 0.78, 0.56–1.10,
P = 0.14). Calcium and phosphate balance was compa-

rable between the groups (Table 4).

Discussion

We found good long-term outcome in a nationally rep-

resentative cohort of 131 young adults who received

their first renal transplant in childhood, being 8.8 years

old, between the years 1979 and 2005. The 10-year GS

was 77%. Of the first transplants, 65% were working

15.8 years after the transplantation in a sub-cohort of

52 (eGFR 55 ml/min/1.73 m2) not differing from the

whole population. The prevalence of CAC (9.8%) and

LVH (13%) was surprisingly low. Patients with cardiac

calcifications had longer duration of dialysis and higher

PTH at dialysis.

We observed a better 10-year GS compared with

most other cohorts (50–65%) [2,3,6,9]. One of the pre-

vious studies was registry-based [2], whereas the others

were single-center studies like ours [3,6,9]. Two reports

(a French cohort and a registry study from the Nordic

countries) have indicated similar 10-year GS (72–76%)

as in this study [4,15]. The 10-year GS was better for

LD kidneys than for DD kidneys, in line with previous

studies [9,30–34].

Data on overweight in kidney transplant patients and

its association with cardiovascular complications are

scarce. Obesity and underweight have been proposed to

increase mortality in RTX patients [35]. The prevalence

of obesity was in line with 70 adult RTX patients

(21.1%) reported by Malgorzewicz et al. [36], even

though they defined obesity differently (as BMI >
30 kg/m2). Despite good correlation between BMI and

WHtR, BMI as such was found to be a less sensitive

marker for obesity in our cohort. Only one out of 52

individuals had a BMI of >30 kg/m2 (2%), whereas 11

Table 3. Cardiac CT and echocardiography

Variable
Study patients
(n = 51) P-value

Cardiac CT
Coronary artery
calcification score

90.0 (52.4–682.7)

Location of the calcification
Coronary 5 (9.8%)
Cardiac, noncoronary 2 (3.9%)

AV, AA
LA, MV

Extracardial
Bronchial 1 (2.0%)

Cardiac echocardiography
LVMI (females/males), g/m2 66.4 � 14.0/

85.1 � 25.6
LVMI correlation*
PTH index† R = 0.30 0.03
Phosphate R = 0.30 0.03
SBP R = 0.38 <0.01
DBP R = 0.14 0.34
Cumul. alfacalcidol
intake

R = 0.24 0.09

Homocystein R = 0.28 0.06
proBNP R = 0.12 0.40
WHtR R = �0.17 0.66

AA, aortic arch; AV, aortic valve; BNP, brain natriuretic pep-
tide; DBP, diastolic blood pressure; LA, left atrium; LVMI, left
ventricle mass index; MV, mitral valve; SBP, systolic blood
pressure; WHtR, waist-to-height ratio.

*Spearman’s correlation analysis.
†Calculated as actual PTH divided with upper reference value.

94 Transplant International 2020; 33: 89–97

ª 2019 Steunstichting ESOT

H€oltt€a et al.



patients (21%) had a WHtR of >0.539, equally defining

obesity [22]. WHtR has been suggested to be a more

sensitive marker to identify cardiovascular disease risk

than BMI, since it is proposed to correlate more

strongly with harmful visceral fat, lipids, and glucose

[22]. WHtR has been found to be a significant contrib-

utor to post-transplant LVH in children [37]. However,

we were not able to find any correlation between WHtR

and lipids, glucose or LVMI, nor did WHtR differ

between those with and without CAC.

The scarce data on cardiac CT imagining in young

adults receiving RTX in childhood have indicated higher

CAC prevalence (35–92%) compared with our finding

[14,18,19]. The CAC severity and prevalence of 9.8% in

our patients nearly equals the 5% in 60 healthy controls

aged 20–30 years in the study by Goodman et al. [18].

In previous studies, CACS has been positively correlated

with treatment of secondary hyperparathyroidism (in-

take of active vitamin D and calcium) as well as higher

age and longer duration of dialysis [12–14,18,19,38].

We also found a correlation between cardiac calcifica-

tions and longer dialysis vintage, as well as higher PTH

index during dialysis, but not between cardiac calcifica-

tions and active vitamin D intake, even though autopsy-

based data on children exist to support the role of

active vitamin D in the development of vascular calcifi-

cations [39]. Like Shroff et al. [38], we were not able to

support the association between CAC prevalence and

cumulative phosphate binder (CaCO3) dosage. The

median PTH index during dialysis was just less than

twice the upper limit of normal ULN in patients with-

out calcifications in adult age. Shroff et al. [38] reported

PTH greater than twice the ULN to increase the preva-

lence of cardiac calcifications as early as in school age

in children on dialysis, which supports our finding.

Treatment of hyperparathyroidism with diet as well as

CaCO3 as phosphate binder may have been favorable in

our patient cohort, possibly leading to low prevalence

of calcifications. Successful treatment of hyperparathy-

roidism with diet and oral phosphate binders (CaCO3)

might also explain the weak correlation between the

dose of active vitamin D and cardiac calcifications.

The prevalence of LVH was lower in the present

study compared with previous reports (43–62%), even

considering the lower cutoff for LVMI to define LVH

compared with Gruppen et al. [12,13]. In these two

studies, the LVMIs were clearly higher: 142–150 g/m2

for males and 110–119 g/m2 for females. Gruppen et al.

[12] concluded that LVH was strongly related to pres-

sure load measured at the time of the investigation. In

concordance with the Dutch study, SBP was the only

significant independent predictor for LVH in our

patients. Briese et al. [13] also identified an association

between LVMI and PTH, as did we. They reported

Table 4. Patients with and without calcifications in cardiac CT

Calcifications (n = 8) No calcifications (n = 43) P value/corr*

Age at first dialysis, years 11.2 (2.6–14.1) 6.7 (1.2–12.5) 0.407/1.0
Age at first RTX, years 12.0 (3.1–15.4) 7.3 (2.4–13.6) 0.550/1.0
Age at study, years 28.9 (21.9–31.2) 23.2 (19.1–27.5) 0.101/1.0
Time first dialysis to study, years 17.2 (12.4–22.2) 17.5 (10.9–21.3) 0.694/1
Cumulative dialysis time, years 2.3 (0.9–8.1) 0.8 (0.5–1.6) 0.016/0.24
SBP at the time of study, mmHg 135 (121–137) 122 (115–132) 0.059/0.88
DBP at the time of study, mmHg 86 (75–92) 72 (65–79) 0.021/0.31
Cumulative alfacalcidol dose, lg 448 (220–2136) 180 (22–484) 0.063/0.94
Cumulative CaCO3 dose, g/kg 110 (20–344) 66 (38–180) 0.584/1.0
Mean s-Ca during dialysis, mmol/l 2.4 (2.3–2.5) 2.4 (82.3–2.5) 0.571/1.0
Mean s-P during dialysis, mmol/l 1.97 (1.67–2.13) 1.82 (1.65–2.04) 0.615/1.0
Mean s-ca x s-P during dialysis 4.4 (4.0–5.1) 4.5 (3.9–5.0) 0.851/1.0
Mean PTH index† during dialysis 3.6 (2.6–5.6) 1.9 (1.0–3.2) 0.019/0.28
LVMI, g/m2 91 (75–94) 77 (64–100) 0.464/1.0
WHtR 0.52 (0.48–0.55) 0.49 (0.45–0.54) 0.889/1.0

Ca, calcium; DBP, diastolic blood pressure; LVMI, left ventricular mass index; P, phosphate; RTX, renal transplantation; SBP, sys-
tolic blood pressure; WHtR, waist-to-height ratio.

Differences were calculated with Mann–Whitney U test.

*P value after Bonferroni multiplicity correction.
†PTH index was calculated as actual PTH divided by upper reference limit.
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further that the intake of active vitamin D and calcium

independently predicted LVMI [13]. However, we could

not confirm this relationship. The individuals in the

study of Briese et al. [13] were older at the time of RTX

and had a longer duration of dialysis which may have

affected the results.

This study is not without limitations. The baseline

data were collected retrospectively in order to find corre-

lations with cardiovascular pathology during follow-up.

Another limitation is the absence of reference values for

CACS for young adults, resulting in the use of adult ref-

erence values in the present study. Despite our study

being population-based, the median age at the time of

RRT entry and at the first RTX was above the national

median. This age difference can be explained by the fact

that the active RTX program started in the mid-80s and

was expanded to include infants a decade later. Thus, we

needed to exclude many of the youngest individuals from

the study. Despite patients being older than estimated,

the strength of our study is the younger age at the time

of entering both RRT and having a first-ever RTX, as well

as shorter cumulative dialysis time. Further, a major

strength is that the study population represents almost

half of the eligible national target cohort, the population

in this study being thus nationally representative. Com-

pared with earlier contributions, our study included a

relatively large number of subjects, and the patients were

treated according to a uniform RRT protocol in their

childhood. Prospective and large studies are certainly

warranted to explore the role of obesity/altered body

dimension, oral phosphate binders, and active vitamin D

in the development of cardiovascular pathology.

In summary, shorter dialysis vintage and well-con-

trolled parathyroid function associated with fewer long-

term pathological cardiac changes 15.8 years after RTX

performed in early childhood. Our study further sup-

ports the theory that good dietary phosphorus control

and therapeutic doses of active vitamin D, adequate to

suppress parathyroid hormone levels without inducing

systemic hypercalcemia and hyperphosphatemia, do not

induce vascular calcification as much as higher dosages

might do [38,40,41]. Larger prospective studies are

needed to explore the role of other factors involved in

the development of vascular calcifications.
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