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Abstract: This prospective study investigated growth and skeletal development for 3 years 

after kidney transplantation in pediatric patients, 3.4–15.0 years of age. Growth, bone mineral 

density (BMD), bone resorption markers (CTX and TRACP5b), bone formation markers 

(PINP, alkaline phosphatase and osteocalcin), parathyroid hormone and vitamin D were 

assessed at start, 3, 12 and 36 months after transplantation. Median glomerular filtration rate 

was 63 (range 37–96) mL/min/1.73 m2 after 3 years. The median height standard deviation 

score (SDS) increased from –1.7 to –1.1, and median body mass index (BMI) SDS increased 

from –0.1 to 0.6 over 3 years, which shows that transplantation had a favorable outcome on 

growth. Fat mass increased after transplantation at all time points, whereas lean mass 

increased after 1 year and 3 years. Total bone mineral content (BMC) increased at all time 

points. No changes were observed for total BMD. Bone resorption markers decreased initially 

after 3 months, and remained stable throughout the study, whereas the bone formation 

markers decreased initially, but successively increased over the study period. In conclusion, 

this study demonstrates that height SDS and BMI SDS increased, along with the increased 

formation markers that reveal a positive bone acquisition after kidney transplantation, which 

was reflected by the significant increase in total body BMC.  
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1 INTRODUCTION 

Childhood chronic kidney disease (CKD) is associated with disordered mineral metabolism 

with long-term consequences such as skeletal deformities, decreased bone accrual, fractures 

and growth retardation.1,2 In 2009, and recently updated 2017, the international Kidney 

Disease Improving Global Outcome (KDIGO) initiative summarized the multitude of known 

complications and pathophysiological processes related to mineral dysregulation in CKD by 

introducing the new concept of CKD – mineral and bone disorder (CKD-MBD).3 The 

disordered mineral homeostasis is characterized by abnormalities in calcium, phosphate, 

parathyroid hormone (PTH) and vitamin D metabolism, and current guidelines aim at treating 

these mineral abnormalities. However, it should be noted that the interpretation of bone 

mineral measurements is more complex in children than in adults since children are growing 

individuals.4,5 The term bone health is usually used in the pediatric bone field as a general 

term for longitudinal growth, mineral homeostasis and bone acquisition relating to the cortical 

and trabecular compartments. Pediatric prospective long-term studies about growth, bone 

mass and mineral metabolism in children with CKD have shown that these patients benefit 

from regular monitoring.6-8 Dual-energy X-ray absorptiometry (DXA) is regarded as the 

clinical method of choice for measuring bone mass in young individuals. An alternative 

method for pediatric use is the DXA with laser (DXL) Calscan technique, which measures 

trabecular bone in the calcaneus. Values of bone mineral density (BMD) in children, obtained 

by DXA and DXL, correlate well with each other.9 

Kidney transplantation has emerged into an effective treatment option for end-stage 

renal disease. Long-term survival rates have dramatically improved over the last couple of 

decades with over 80% of pediatric patients surviving into adolescence and young 

adulthood.10 With reduced complications, improved graft outcome and patient survival rates, 

potential adverse events after long-term immunosuppressive medication have become 
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increasingly important to address. Children undergoing solid organ transplantation have an 

elevated risk for fractures, which warrants attention to bone health in this group of pediatric 

patients. A population-based prospective study reported that the incidence of all fractures was 

6-fold higher and the incidence for vertebral fractures was 160-fold higher in the study group 

in comparison with the control population.11 Although there is compelling knowledge about 

optimization of bone health in pediatric transplant recipients,12 previous studies have 

consequently emphasized continued efforts of clinical research for improving bone health of 

this population.13-15  

Little is known about markers of bone turnover in pediatric patients with CKD after 

kidney transplantation. These markers are classified as either resorption or formation markers 

that provide a quantitative estimate of the current rate of bone remodeling. For the clinical 

interpretation, it is important to be aware of that children and adolescents can have 10-fold 

higher serum levels in comparison with adults.16 Bone markers reflect the three physiologic 

processes interacting in the bone environment, i.e., modeling, remodeling, and longitudinal 

growth, and can also be used to monitor the biological response to pharmacological 

treatment.17,18  For patients with CKD, it should be noted that the clinical usefulness is 

uncertain for carboxy-terminal cross-linking telopeptide of type I collagen (CTX) and 

osteocalcin since they are cleared by the kidneys.7 Hence, reduced renal clearance leads 

inevitably to increased serum levels of CTX and osteocalcin. Serum type I procollagen intact 

amino-terminal propeptide (PINP), alkaline phosphatase (ALP) and tartrate-resistant acid 

phosphatase isoform 5b (TRACP5b) may have added clinical utility in patients with CKD 

since their clearance from the circulation is independent of kidney function.19 

This longitudinal study was designed to access the development of growth, BMD, bone 

mineral content (BMC) and biomarkers of bone and mineral metabolism in pediatric patients 

with CKD during a 3-year period after kidney transplantation.  
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2 PATIENTS AND METHODS 

2.1 Patients 

Patients were recruited from the Queen Silvia Children’s Hospital after informed consent 

from the children and their parents. The mean follow-up time was 1030 days. The local 

research ethics committee of Göteborg University, Sweden, approved this study (no. Ö374-

01). The study group, at baseline comprised 13 patients with CKD, 9 males and 4 females, 

median age 9.3 years (3.4–15.0 years) at inclusion. Glomerular filtration rate (GFR) was 

calculated according to the formula by Schwartz et al.20 Underlying nephropathy types were 

malformation (n = 8), Laurence-Moon-Biedl syndrome (n = 1), and acquired diseases (n = 4). 

Conservative treatment was given when indicated with sodium bicarbonate, calcium 

carbonate and alphacalcidol but no patients received aluminum containing phosphate binders 

before the transplantation. Antihypertensive treatment was given when indicated. Eleven 

patients received their first transplant and two patients their second transplant. Six patients 

received treatment with recombinant human growth hormone (GH) before transplantation.  

Five patients had early rejections and received intravenous methyl prednisolone for 3-4 days. 

Our immunosuppression protocol included daily steroids for 3 months (Table 1), thereafter on 

alternate days for at least another 3 months, calcineurin inhibitors and mycophenolate mofetil. 

 

2.2 Assessment of bone mass and bone age 

BMD and BMC for total body were assessed by the Lunar DPX IQ (pencil beam), (GE Lunar 

Corp., Madison, WI, USA). DXA measures bone in 2 dimensions and this areal bone mineral 

density, and not true volumetric bone mineral density, is referred to BMD (g/cm2) in this 

study. The calculated Z-scores were age- and gender-specific. Lean body mass and fat mass 

were also measured. In the DXL Calscan technique, BMD is measured by using DXA in 

combination with laser measurements of the total heel thickness. This technology reduces the 
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uncertainty related to the variable composition of soft tissue in adults.21 For calcaneal BMD, 

the DXL Calscan (Demetech AB, Täby, Sweden) has been used for diagnosis of osteoporosis 

in adults and is in conjunction with measurements by axial DXA technology.22,23 The original 

DXL Calscan for adults has been modified for use in pediatric patients and has been shown to 

measure BMD with high accuracy.24 The DXL Calscan pediatric version includes a function, 

which makes it possible to measure the calcaneal height. This height, together with the BMD 

value, provides an opportunity to calculate the volumetric bone mineral apparent density, 

which could be valuable when measuring bones of different sizes as, e.g., for growing 

individuals.24 The left foot of each child was measured. Regular hand X-ray was used to 

assess signs of rickets and to assess bone age by the Tanner-Whitehouse 2 (TW2) and 

Greulich-Pyle (GP) methods at the Department of Radiology, The Queen Silvia Children’s 

Hospital, Göteborg, Sweden. 

 

2.3 Biochemical determinations 

A detailed description of the biochemical methods applied has been reported elsewhere.25 

Serum intact PINP was determined by radioimmunoassay (RIA) (Orion Diagnostica, 

Oulunsalo, Finland). Serum total ALP was measured by a kinetic assay with 1.0 M 

diethanolamine buffer (pH 9.8), 1.0 mM MgCl2 and 10 mM p-nitrophenylphosphate. The 

relation between the ALP activity units kat and U are 1.0 µkat/L corresponds to 60 U/L. 

Serum osteocalcin was determined by RIA, OSTKPR (CIS Bio International, Gif-sur-Yvette, 

Cedex, France). The serum osteoclast-derived TRACP5b was determined by a solid-phase 

immunofixed enzyme activity assay (SBA Sciences, Oulu, Finland). Type I collagen 

degradation was assessed by the serum CrossLaps ELISA (Immunodiagnostic Systems Ltd, 

Boldon, UK), which is reported to measure a cathepsin K degradation product of trivalently 

cross-linked type I collagen, i.e., CTX. Serum PTH was measured with an 
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electrochemiluminescence immunoassay, ECLIA (Roche Diagnostics Scandinavia AB, 

Göteborg, Sweden). Osteoprotegerin (OPG) is an anti-resorptive cytokine and a key-regulator 

of osteoclastogenesis and activity. Serum OPG was measured by a sandwich enzyme-linked 

immunosorbent assay (Immundiagnostik AG, Bensheim, Germany). Pediatric age- and 

gender-specific reference intervals are reported elsewhere for PTH, OPG, total ALP, PINP, 

osteocalcin, CTX and TRACP5b.25 Serum 25-hydroxyvitamin D (25(OH)D) and 1,25-

dihydroxyvitamin D (1,25(OH)2D) were determined by 125I RIAs (DiaSorin, Stillwater, MN, 

USA). Serum levels for total calcium, ionized calcium, magnesium and phosphate were 

assayed by routine clinical chemistry assays at the Department of Clinical Chemistry 

(SWEDAC accredited laboratory) at Sahlgrenska University Hospital, Göteborg, Sweden. 

 

2.4 Statistical analysis 

All calculations were performed with the SAS software release 9.3 (SAS Institute, Cary, NC, 

USA). Wilcoxon signed rank test was used to test for differences between study entry and the 

different time points. The level of significance was set to p<0.05. Total body BMC was the 

primary efficacy variable and our primary efficacy analyze was the change in total body BMC 

from baseline to 3 years. The standard deviation (SD) for change in total body BMC from 

baseline to 3 years has been estimated to 272 g. In order to find a clinical relevant change in 

total body BMC from baseline to 3 years of 250 g with a power of 80% with Wilcoxon signed 

rank test for paired observation, at significance level 0.05, 13 evaluable subjects are needed. 

 

3 RESULTS 

Clinical information before transplantation and clinical outcome are presented in Table 1. As 

a result of the kidney transplantation, GFR (expressed as mL/min/1.73 m2) increased to 

median (minimum–maximum) 68 (42–90), 65 (48–109) and 63 (37–96), at 3 months, 1 year 
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and 3 years post-transplantation, respectively. No significant change in GFR was observed 

between 3 months and 1 year, or between 3 months and 3 years post-transplantation. 

Individual GFR values over the study period are shown in Table 1. Further statistical 

assessments of subgroups based on different CKD-stages were not justified due to the small 

study group. 

 

3.1 Growth and body composition 

Figure 1 shows auxological data for weight, height and BMI standard deviation score (SDS) 

for each patient over the study period. Median weight SDS was –1.3, –0.5, –0.5, and –0.4 at 

start, 3 months, 1 year and 3 years, respectively. The corresponding values for median height 

SDS was –1.7, –1.7, –1.3, and –1.1; and for median BMI SDS –0.1, 0.9, 1.2, and 0.6. In 

comparison with baseline, significant increases were found for weight SDS (p=0.0002), 

height SDS (p=0.0012), and BMI SDS (p=0.013) after 3 years. According to the age- and 

gender-adjusted Swedish classification of overweight,26  6 and 4 patients were overweight 

after 1 year and 3 years, respectively, after kidney transplantation. The fat mass percentage 

increased after transplantation (from median 12.9% to 27.4%), p<0.01, and total lean mass 

was unchanged after 3 months, but increased after 1 year and 3 years (from median 23.1 kg 

(84.3%) at baseline to 29.3 kg (70.4%) after 3 years), p<0.01. 

 

3.2 Bone mass and bone age 

Bone mass data, i.e., BMC and BMD, are presented in Table 2 for total body and calcaneus 

measurements. Total BMC increased at all time points in comparison with the initial values at 

study start, p<0.001 (Table 2; Figure 2). No change was observed for total BMD over the 

study period, which is reflected by the decrease in total body BMD (TBBMD) Z-score over 
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the study period. None of the included patients had a TBBMD Z-score below –2.0 during the 

study period. Calcaneal BMC and BMD did not change at any time point.  

At start, we observed a delayed median bone age by 0.9 years (TW2) and 0.8 years (GP) 

in comparison with the chronological age. Bone age was still delayed after 3 years post-

transplantation, i.e., 1.5 years (TW2) and 0.9 years (GP). Two patients sustained clavicule 

fractures during the study period, but no other fractures were reported.  

 

3.3 Biochemical markers of bone and mineral metabolism  

Median PTH was 254 ng/L prior transplantation, but decreased rapidly to 81 ng/L after 3 

months (p<0.01) and remained stable throughout the first year after transplantation. An 

additional decrease was observed between 3 months and 3 years, median 69 ng/L (p<0.05). A 

similar pattern of decrease was found for serum phosphate after 3 months and 3 years 

(p<0.05), as well as for magnesium after 3 months and 3 years (p<0.01). No effect was found 

for serum 25(OH)D after 3 months and 1 year, but an increase was found after 3 years 

(p<0.05). The levels of 1,25(OH)2D increased after the first year and 3 years (p<0.002) in 

comparison with baseline. Serum total calcium and ionized calcium remained unchanged 

throughout the post-transplantation period. Median serum OPG decreased from 4.1 pmol/L at 

baseline to 2.8 pmol/L 3 months post-transplantation, p<0.01, but returned to baseline levels 

after 1 year and 3 years.  

Individual data (percentage change from baseline) for the bone resorption markers, CTX 

and TRACP5b, and bone formation markers intact PINP, total ALP and osteocalcin are shown 

in Figure 3. Serum CTX decreased significantly after 3 months, 1 year and 3 years in 

comparison with baseline values, p<0.01, which is in line with the increased GFR levels at 

each time-point after kidney transplantation (Table 1). Serum TRACP5b decreased initially 

after 3 months (p<0.05), and remained stable throughout the study period. PINP decreased 



10 

after 3 months (p<0.05), but returned to baseline levels 1 year and 3 years post-

transplantation. Total ALP was unchanged until 3 months, but increased between 3 months 

and 1 year post-transplantation (p<0.01). Serum osteocalcin decreased significantly during the 

first 3 months (p<0.0005), but increased thereafter during the study period (p<0.002) (Figure 

3). Further statistical assessments of subgroups based on gender, age, growth patterns, CKD-

stages or estimated cumulative steroid dosages were not justified due to the small study group.  

 

4 DISCUSSION 

This is one of few prospective studies in children with CKD regarding growth, bone markers 

and bone acquisition after kidney transplantation. Risk factors for persisting CKD-MBD with 

impaired bone health after transplantation are immunosuppressive therapy (calcineurin 

inhibitors and steroids), persistent hyperparathyroidism, deranged vitamin D metabolism and 

allograft dysfunction. The present study demonstrates that median height SDS, BMI SDS and 

total BMC increased during the study period, which shows that kidney transplantation had a 

favorable impact on growth outcomes. Bone resorption markers decreased initially and 

remained stable throughout the study period, whereas the bone formation markers increased 

successively. 

Growth failure is a frequent complication of CKD and GH treatment is, therefore, 

commonly used to enhance growth in children with CKD.12  Kidney transplantation is, 

however, the best treatment for growth-deficient children with CKD, which results in a 

sustained increase in height and restoration of body proportions in most patients.27 We 

observed a similar increase in height in the current study, that is, median height SDS 

increased from –1.7 to –1.1 after 3 years, and median BMI SDS increased from –0.1 to 0.6 

after 3 years, which shows that transplantation had a favorable impact on growth outcomes. 

Zivicnjak et al.28 reported, from a 7-year cohort study, a specific age-dependent growth 
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pattern in pediatric CKD patients. The most severe growth failure was observed during early 

childhood, followed by an accelerated growth during prepuberty, slowing-down of growth at 

puberty, and thereafter a late catch-up growth until early adulthood. It has been suggested that 

growth failure in CKD is caused by a relative GH insensitivity and functional insulin-like 

growth factor-I deficiency.29 Growth restriction is very common in children with CKD, and 

the assessment of skeletal maturity (bone age) is an important prerequisite to evaluating the 

individual growth delay and growth potential.30  Median radiological bone age was still 

delayed after 3 years in the current study.   

Bone and fat mass are linked, thus changes in body composition after kidney 

transplantation affect growth and skeletal development in children. The fat mass percentage 

increased after transplantation in the current study, at all time points, whereas lean mass 

increased after 1 year and 3 years. Treatment with glucocorticoids, after kidney 

transplantation, cause an initial increase in fat mass which later on is reduced with a 

subsequent increase in lean mass as patients recovers and probably increase their mobility and 

degree of physical activity. The increase in lean mass is favorable for bone acquisition, as 

muscle mass affect bone mass positively.31 Our findings coincide with a Hungarian pediatric 

study where the prevalence of overweight/obese patients was low at transplantation and rose 

subsequently.32 In another Scandinavian cohort, one-third of the pediatric patients were 

overweight/obese after kidney transplantation,33 which was not found in the current study as 

most patients had a median BMI SDS of 0.6.  

A 2015 meta-analysis indicates that BMD is low in patients with CKD stage 3-5 with 

fractures, which suggests that BMD measurements may be clinically useful in assessing 

fracture risk in CKD.34 DXA has been recommended to follow-up kidney transplant 

recipients.14,35,36 Recent studies measuring BMD by DXA have demonstrated that low BMD 

is common in pediatric kidney transplant recipients.13,37,38 An increase in total BMC, at all 



12 

time points, was found which corroborate with the significant increase in height SDS and 

thereby positive net gain in mineral acquisition. None of the included patients had a TBBMD 

Z-score below –2.0 during the study period, which indicates an appropriate management of 

their bone and mineral homeostasis. Interpretation of BMD changes must, however, be done 

with caution, since changes in body composition may affect the measurements per se, because 

imaging techniques like DXA have some difficulties to differentiate between newly acquired 

adipose tissue and newly formed bone tissue in growing children.39 A 2014 prospective study 

with CKD children, 1 year after kidney transplantation, suggested that spine and total body 

DXA provides some insight into trabecular and cortical compartments following 

transplantation.40  

The interpretation of biochemical markers of bone and mineral metabolism is complex 

in growing children and adolescents due to the multifaceted mechanism of longitudinal 

growth.41 Another aspect to take into account, regarding interpretation of bone formation 

markers, is the three major events during osteogenesis, i.e., proliferation with collagen 

synthesis, extracellular matrix maturation and mineralization. In vitro studies have shown a 

sequential expression of genes during osteoblast differentiation, that is, messenger RNA of 

type I collagen is expressed first, followed by ALP, and finally osteocalcin.42 In vivo studies 

have shown a corresponding time course for the three different stages following the 

circulating levels of bone formation markers PINP, ALP and osteocalcin during anabolic 

growth hormone treatment.41 Although that kidney transplantation favors the acquisition of 

bone mineral, as shown by the increase in total body BMC, it cannot be regarded as a definite 

anabolic treatment in the same fashion as growth hormone. The lack of uniformity for ALP, 

shown in Figure 3 during the course of the current study, may reveal different effects for 

different patients during the extracellular matrix maturation phase of osteogenesis. This is the 

first prospective study investigating pediatric kidney transplant patients comprising data from 
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markers of bone turnover. The initial decrease, 3 months after kidney transplantation, for the 

bone formation markers (except for ALP) was followed by a significant increase between 3 

months and 1 year after transplantation for all formation markers. Both PINP and osteocalcin 

increased between 3 months and 3 years after transplantation. The bone resorption markers 

(i.e., CTX and TRACP5b) decreased initially and remained stable throughout the study 

period. The observed alterations in bone markers corroborate with the significant increase in 

total body BMC. However, it should be noted that the clinical usefulness of CTX is uncertain 

in patients with CKD since CTX is cleared by the kidneys; hence reduced renal clearance 

inevitably leads to increased levels of CTX. Circulating levels of bone markers represents an 

overall assessment of the modelling and remodeling processes in the entire skeleton, which 

can differ between different skeletal sites and different bone compartments such as trabecular 

and cortical bone.43  Fratzl-Zelman et al.44 demonstrated recently a broad heterogeneity in 

bone matrix mineralization in pediatric solid-organ recipients by bone histomorphometry, 

which further explains some of the observed alterations bone material properties that impact 

skeletal fragility. 

The current study has a number of strengths, including the prospective design, broad 

approach with the combination of growth evaluation, body composition, bone mass 

measurements and markers of bone and mineral metabolism. The low number of patients is a 

limitation of the study that warrant consideration when interpreting the data. On a positive 

note, the current study comprise only data from kidney transplant recipients, thus it is not a 

blend of solid-organ transplant patients which often is reported in the literature. We lacked 

matching controls in this study but there is currently no consensus on the optimal approach for 

control-matching BMD and BMC for factors such as body composition, pubertal stage and 

skeletal maturity. 
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Bone health in children and adolescents has emerged as a significant area of clinical 

interest, and expanding area of research, since many chronic diseases affect the skeleton with 

long-term consequences. Worldwide, more and more children benefit from kidney 

transplantation and prospective studies are therefore warranted. This longitudinal prospective 

study demonstrates that height SDS and BMI SDS increased, along with the increased 

markers of bone formation that reveal positive bone acquisition after kidney transplantation, 

which was reflected by the significant increase in total body BMC.  
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TABLE 1  Clinical information before and after transplantation 

 

Patient 

no. 

 

 

Gender 

 

Age 

(years) 

 

 

Diagnosis 

GFR (mL/min/1.73 m2) Estimated 

cumulative steroid 

dose (mg/kg) 

  

PTH (ng/L) 

25(OH)D 

(µg/L) 

 

GH therapy 

Before 

Tx 

3 

months 

1  

year 

3  

years 

3 months; 1 year;  

3 years 

 

Clinical outcome 

Before Tx; 

3 years 

Before 

Tx 

Before 

Tx 

1 Female 8 Dysplasia ND 

(dialysis) 
65 58 56 26; 49; 49 Uneventful 122; 53 19 Yes 

(3 years) 

2 Male 8 Dysplasia 17 71 109 87 26; 78; 191 Uneventful 162; 29 35 No 

3 Male 10 Dysplasia ND 

(dialysis) 
55 70 54 22; 71; 128 Second transplant 

Uneventful 
948; 69 31 No 

4 Male 5 PUV ND 

(dialysis) 
75 59 53 128; 202; 292 Early rejection 646; 86 20 No 

5 Male 8 PUV 20 65 65 63 21; 71; 113 Second transplant 

Uneventful 
342; 74 10 Yes 

(1.5 years) 

6 Male 9 PUV 13 83 87 73 21; 59; 129 Uneventful 102; 69 47 Yes 

(3.5 years) 

7 Male 13 PUV ND 

(dialysis) 
42 57 37 52; 77; 158 Early and late 

rejection 
128; 16 61 No 

8 Male 15 PUV 14 73 65 68 66; 66; 66 Early rejection 1440; 55 17 Yes 

(6 years) 

9 Male 4 Laurence-

Moon-Biedl 

ND 

(dialysis) 
87 73 66 45; 106; 173 Uneventful 294; 112 ND No 

10 Female 6 Interstitial 

nephritis 

ND 

(dialysis) 
58 54 51 24; 61; 116 Uneventful 82; 69 5 No 

11 Female 11 DDD ND 

(dialysis) 
90 85 96 16; 33; 56 Uneventful 660; 106 29 No 

12 Male 14 FSGS ND 

(dialysis) 
68 74 63 80; 103; 134 Early recurrence 

and rejection 
254; 62 5 Yes 

(3 months) 

13 Female 14 Neonatal 

hypovolemia 
12 45 48 47 29; 75; 112 Early rejection 172; 28 34 Yes 

(2 weeks) 

25(OH)D, 25-hydroxyvitamin D; DDD, dense deposit disease; FSGS, focal segmental glomerulosclerosis; GFR, glomerular filtration rate 

(mL/min/1.73 m2); GH, growth hormone; ND, not done; PTH, parathyroid hormone; PUV, posterior urethral valves; Tx, transplantation  
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TABLE 2  Bone mass data for the investigated children 

  

Study entry 

 

After 1 years 

 

After 3 years  

Delta, 

0 to 1 year 

Delta, 

0 to 3 years 

DXA      

TBBMD (g/cm2) 
0.93 ± 0.12 

0.92 (0.77 to 1.19) 

0.93 ± 0.13 

0.92 (0.75 to 1.23) 

0.93 ± 0.18 

0.89 (0.70 to 1.20) 

0.00 ± 0.04 

–0.01 (–0.07 to 0.06) 

0.00 ± 0.13 

–0.01 (–0.17 to 0.19) 

TBBMD, Z-score  
0.38 ± 1.02 

0.40 (–1.20 to 1.90) 

–0.39 ± 0.83 

–0.60 (–1.40 to 1.30) 

–0.32 ± 0.86 

–0.60 (–1.40 to 1.60) 

–0.70 ± 0.62 

–0.50 (–2.00 to 0.10) ** 

–0.70 ± 0.86 

–0.80 (–2.30 to 0.50) * 

TBBMC (g) 
1214 ± 544 

1034 (464 to 2511) 

1424 ± 640 

1222 (568 to 2717) 

1713 ± 661 

1401 (550 to 2693) 

193 ± 122 

171 (41 to 396) *** 

499 ± 272 

467 (86 to 1021) *** 

      

DXL      

Calcaneal BMD (g/cm2) 
0.36 ± 0.09 

0.38 (0.16 to 0.50) 

0.36 ± 0.10 

0.38 (0.16 to 0.47) 

0.39 ± 0.11 

0.38 (0.21 to 0.55) 

0.01 ± 0.07 

–0.01 (–0.05 to 0.15) 

0.04 ± 0.09 

0.02 (–0.07 to 0.20) 

Calcaneal BMC (g) 
0.27 ± 0.07 

0.28 (0.12 to 0.38) 

0.26 ± 0.08 

0.27 (0.12 to 0.36) 

0.29 ± 0.08 

0.28 (0.16 to 0.41) 

0.01 ± 0.05 

–0.01 (–0.05 to 0.11) 

0.03 ± 0.06 

0.01 (–0.05 to 0.15) 

 

BMD, bone mineral density; TBBMD, total body BMD; BMC, bone mineral content; TBBMC, total body bone mineral content; DXA, dual-energy 

X-ray absorptiometry; DXL, dual-energy X-ray absorptiometry and laser. For all measurements, n = 13. Values are given as mean ± SD, median, 

with minimum and maximum values in parentheses.  

* p<0.05, ** p<0.01, *** p<0.001, Wilcoxon signed rank test. 
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FIGURES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1 Auxological data for weight, height and BMI SDS for each patient over 3 years. 
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FIGURE 2 Total body bone mass data for each patient over 3 years. 
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FIGURE 3 Individual data, given as percentage change after kidney transplantation, over 3 

years for biochemical markers of bone turnover. 
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