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8.8. Bone Disease 

Abstract. . 

Background:Background: Littl e is known about the late effects of juvenile end-stage renal 
diseasee (ESRD) on bone integrity. To establish clinical manifestations of 
metabolicc bone disease and Bone Mineral Density (BMD) in young adult 
patientss with juvenile ESRD, we performed a long-term outcome study. 

Methods:Methods: A cohort was formed of all Dutch patients with onset of ESRD between 
19722 and 1992 at age 0-14 years, born before 1979. Data were collected by 
revieww of medical charts, by current history, by physical examination, and by 
performingg Dual Energy X-ray Absorptiometry (DEXA) of the lumbar spine 
andd the femoral neck. 

Results:Results: We retrieved clinical information in 247 out of 249 patients. Of all 
patients,, 61.4% had severe growth-retardation (<-2SD), 36.8% had clinical 
symptomss of bone disease, and 17.8% was disabled by bone disease. Growth-
retardationn and clinical bone disease were associated with a long duration of 
dialysis.. DEXA was performed in 140 out of 187 living patients. Mean BMD SD 
correctedd for gender and age (Z score) of the lumbar spine was -2.12 (SD1.4), of 
thee femoral neck -1.77 (SD1.4). A low lean body mass was associated with a low 
lumbarr spine and a low femoral neck BMD; male gender, physical inactivity 
andd aseptic bone necrosis were associated with a low lumbar spine BMD. 

Conclusion:Conclusion: Bone disease is a major clinical problem in young adults with 
pediatricc ESRD. Further follow-up is needed to establish the impact of the low 
bonee mineral densities found in these patients. 

Introduction. . 

Ass lif e expectancy has increased in children with chronic renal replacement 
therapyy (RRT), concern has arisen about its late complications. In adults, 
metabolicc bone disease is a common, often disabling, complication of end-stage 
renall  disease (ESRD) [1-4]. Chronic acidosis and hypovitamin-D- and 
phosphate-inducedd secondary hyperparathyroidism can lead to disturbed bone 
modelingg with high or low bone turn-over in patients on chronic dialysis [5-8]. 
Inn addition, inactivity during chronic dialysis and corticosteroids, mainly given 
chronicallyy as anti-rejection therapy after transplantation, may lead to 
osteoporosiss [9-14]. In children with end-stage renal disease, malnutrition, 
reducedd bioactivity of Insulin-like growth-hormones and delayed puberty can 
aggravatee these effects, disturbing normal bone formation and growth [15-20]. 
Littl ee is known about the effects of ESRD of childhood on bone formation at 
adultt age, and about the extent of clinical bone disease in long term survivors of 
juvenilee ESRD. 
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8.8. Bone Disease 

Wee conducted a national long-term follow up study in order to evaluate Late 
physical,, social and psychological Effects of Renal Insufficiency in Children 
(LERIC).. The cohort consisted of all Dutch children who had commenced RRT 
betweenn 1972 and 1992 and who had reached (or would have reached if still 
alive)) adulthood at the time of investigation. In this paper we report on the 
impactt on growth, the incidence of fractures, clinically apparent bone disease 
andd bone densities measured by DEXA in these young adults with pediatric 
onsett of ESRD. 

Methods. . 

StudyStudy design. The study was designed as a cohort study and consisted of a cross-
sectionall  and a retrospective part. The aim of the cross-sectional study was to 
establishh current health status and to measure bone mineral density of the 
lumbarr spine and femoral neck, in order to detect osteoporosis. The aim of the 
retrospectivee part of the study was to establish the extent of clinically apparent 
metabolicc bone disease since the start of RRT, and to evaluate the influence of a 
sett of predefined determinants on outcome parameters. The study covered the 
totall  period of renal replacement therapy for each patient. The end of the study 
wass marked by the day of last chart review for potential non-participants in the 
cross-sectionall  study and the day of the cross-sectional examination for 
participants.. The medical ethical committees of all participating centers 
approvedd the study. 

FormationFormation of the cohort. The LERIC cohort comprises all Dutch patients who had 
startedd chronic RRT at age 0-14 years between 1972 and 1992, and who were 
bornn before 1979. Patients in whom renal function recovered within four 
monthss after commencing dialysis were excluded. Pre-emptively transplanted 
patientss were included. Patients who started RRT after 1991 were excluded in 
orderr to have at least a (potential) follow up period of 6 years. The National 
Dutchh Registry of patients on RRT (RENINE, Rotterdam, The Netherlands) 
submittedd a list of patients, based on these criteria. RENINE, founded in 1985, is 
thee Dutch source of the European Dialysis and Transplantation Association. 
Thee completeness of this database approach 100% as registration is compulsory 
forr reimbursement of RRT. 

Retrospectivee registration of patients with RRT starting before 1985 was 
checkedd by comparing RENINE-data with the databases of all Dutch centers for 
pediatricc dialysis and kidney transplantation as well as the databases of all 
centerss for adult dialysis and transplantation. 

Thee procedure of cohort formation was as follows: the list submitted by 
RENINEE consisted of only registry-numbers of patients, treatment-modality, 
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8.8. Bone Disease 

andd the name of the last physician and hospital of treatment. All nephrologists 
inn the Netherlands received a list of those cohort-patients who were under their 
treatmentt or had been under their treatment at the time of death. The LERIC-
teamm contacted all the physicians, asking them if the list sent by RENINE was 
consistentt with their registry-database. Patients were contacted by their own 
physicianss and invited to take part in this study. 

DataData collection: Clinical bone disease. Between November 1998 and August 2000 
memberss of the LERIC-team visited 37 hospitals in the Netherlands. They 
collectedd information about the occurrence of bone disease (pathological 
fractures,, deformities caused by metabolic bone disease, severe chronic bone 
pain,, aseptic bone necrosis and handicaps caused by bone disease) and 
determinantss with respect to these outcomes. The predefined variables were: 
totall  duration of RRT and of hemodialysis, peritoneal dialysis and 
transplantation,, the age at onset of RRT, and the period of onset of RRT. All 
medicall  charts of all patients, participants as well as non-participants in the 
cross-sectionall  study, were reviewed. Emigrated patients were located and 
medicall  information was obtained from their current physician. "Clinical bone 
disease""  was considered present in cases where at least one of the following 
conditionss occurred: deforming bone abnormalities, chronic pain related to the 
skeletall  system, disabling bone abnormalities, aseptic bone necrosis and 
atraumaticc fractures. Disabling bone abnormalities were scored as "mild" , if the 
patientt was disabled, but main functions (walking, writing) were preserved. For 
instance,, patients who were not able to walk for more than 100 meters or in 
whomm motor functions were hindered by pain, all caused by metabolic bone 
disease,, were included in his category. Severe disabling bone abnormalities 
referredd to those conditions in which main motor functions were impaired by 
bonee disease (walking, standing up), or to conditions in which patients were 
chronicallyy dependent on special devices (e.g. cervical braces, external fixtures). 
Motorr disabilities caused by neurological disorders or extreme fatigue were 
excluded,, unless the neurological deficit was the result of metabolic bone 
diseasee (e.g. spinal cord lesion by spine fracture). 

BoneBone mineral densities. Al l patients alive were invited once for examination in 
ourr hospital. Height was measured with a fixed stadiometer. Bone mineral 
densityy and lean body masses were established by Dual Energy X-ray 
Absorptiometryy (DEXA, QDR 4500A Hologic Inc., Waltham, Mass. USA). We 
assessedd bone mineral densities of the femoral neck and the lumbar spine at Ll -
L4.. Bone mineral density (BMD) was defined as bone mineral content, divided 
byy the surface of the projected bone area, expressed in g/cm2. 

Ass determinants with respect to bone mineral density we considered: physical 
inactivity,, gender, height, lean body mass, modality of RRT at time of 
investigation,, total duration of renal replacement therapy, total duration of 
dialysis,, age of onset of RRT, period of onset of renal replacement therapy (i.e. 
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1972-19811 versus 1982-1992), the period between transplantation and bone 
densityy measurements, severe hyperparathyroidism, age of menarche in 
women,, the cumulative steroid dosage, aluminum-containing phosphate 
binders,, growth-hormone therapy, and a history of aseptic bone necrosis. 

Mostt data on determinants were collected retrospectively as mentioned under 
"clinicall  bone disease." 

Otherr information, such as age of menarche in women and physical inactivity, 
wass collected during interview of the patient. We assessed information about 
physicall  activity using parts of the MOS-SF 36 questionnaire (question number 
3b:: "does your health now limi t you in moderate activities?" and question 
number3h:: "does your health limi t you from walking several blocks"), that 
appliess to a limited physical activity. The MOS-SF36 is a widely used tool for 
qualityy of life assessment [22]. It was assumed that true daily physical activity 
wass correlated with the subjectively scored ability of physical activity. "Physical 
inactivity""  was scored positive if both questions were answered with "yes". 

Sincee the exact dosage of corticosteroids was not always documented reliably, 
wee scored the total time in days of which we were sure that the prescribed 
prednisonee or prednisolone dosage exceeded > 0.25 mg/kg per day. We also 
scoredd the total time of alternate day prescription of more than 0.25 mg/kg. 
Sincee all courses of "high-dose" methylprednisolone, given as anti-graft-
rejectionn therapy, were prescribed according to well-defined protocols, we were 
ablee to express the total cumulative dosage of "high dose" methylprednisolone 
inn mg/kg. We estimated the cumulative dosage of corticosteroids by calculating 
thee total amount of predniso(lo)ne, assuming that the mean dosage of 
prednisonee would have been 0.5 mg/kg during the scored period. We added 
thee cumulative iv methylprednisolone dosage to the estimated oral steroid 
dosage.. When applicable, duration of growth hormone-therapy was 
established.. Severe hyperparathyroidism was scored "positive" if parathyroid 
hormonee had ever exceeded 3 times the normal value over a cumulative period 
off  more than 12 months, or if a parathyroidectomy had been performed. 

Heightt and clinical bone abnormalities in patients, who participated in the 
cross-sectionall  study, were assessed by interview and physical examination. 
Thesee data were combined with data derived from the medical charts. 
Determinantss of bone disease of all the patients and data about clinically 
apparentt bone disease, growth, disabilities and atraumatic fractures of non-
participantss and deceased patients were assessed from the medical charts. 

ControlControl values: Control values of weight and height were derived from the 
Nationall  Dutch Health Statistics (www.cbs.nl), of lean body mass from data of 
Boott et al. [23]. We compared BMD values with control values of European and 
Americann subjects, supplied by Hologic Inc. 
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8.8. Bone Disease 

Tablee 1. Patient characteristics. 

Patientss (n) 

Malee (n) 

Primaryy disease (n) 
Glomerulopathy y 
Obstructivee uropathy 
Congenitall  renal malformation1 

Metabolicc disease2 

HUS S 
SLE E 
Other r 

Agee at onset of RRT 

Agee at time of investigation 

Deceasedd (n) 

Durationn of RRT 

Durationn of dialysis 

Durationn of transplantation 

Startt RRT 1972-1981 (n) 

249 9 

136 6 

90 0 
70 0 
44 4 
8 8 

18 8 
5 5 
14 4 

10.6 6 

29.3 3 

63 3 

16.0 0 

4.1 1 

11.7 7 

151 1 

(54.6%) ) 

(36.1%) ) 
(28.1%) ) 
(17.7%) ) 
(3.2%) ) 
(7.2%) ) 
(2.0%) ) 
(5.6%) ) 

(1.9-14.9)3 3 

(20.7-41.7)̂ ^ 

(25.3%) ) 

(0.3-31.1)3 3 

(0-25.6)3 3 

(0-29.9)3 3 

(60.6%) ) 

RRTRRT = renal replacement therapy; l renal dysplasia, cystic disease, Alport's Syndrome, 
nephronophtisis,nephronophtisis, congenital nephrotic syndrome; 2 oxalosis (3), cystinosis (5) 3 range; n= 
numbernumber of patients. Age and duration in years. 

Tablee 2. Growth retardation and clinical manifestations of bone disease of all 
patients,, part icipants and non-participants of the cross-sectional study. 

TotalTotal cohort: Participants: Non-participants: 
NN affected N affected N affected 
(n=247p(n=247p (n=140y (n=47p 

Heightt <-2SD 153(61.9%) 83(59.3%) 31(66.0%) 

Clinicall  manifestations of bone disease 91 (36.8%) 51 (36.4%) 17(36.2%) 

Deformitiess 63 (25.5%) 41 (29.3%) 9 (19.1%) 

Pathologicall  fractures 33 (13.4%) 16 (11.4%) 8 (17.0%) 

Asepticc bone necrosis 32 (13.0%) 16 (11.4%) 8 (17.0%) 

Mil dd disabling bone disease 26 (10.5%) 17 (12.1%)" 4 (8.5%) 

Severee disabling bone disease 18 (7.3%) 8 (5.7%)*  3 (6.4%) 

Invalidatingg bone disease (all) 44 (17.8%) 25 (17.9%)*  7 (14.9%) 
11 Of two patients, who died in the early 1970's, no data on growth or bone abnormalities could 
bebe found; 2 participants in the cross-sectional study; 3 Living Non-participants in the cross-
sectionalsectional study; 4 situation at time of cross-sectional investigation. 
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8.8. Bone Disease 

StatisticalStatistical analysis. The relation between clinical bone disease and its 
determinantss was analyzed using the Student's t test for continuous variables 
withh a normal distribution, and with the chi-square test for nominal variables. 
AA comparison of nominal variables of participants and non-participants of the 
cross-sectionall  study was performed by the chi-square-test. The relation 
betweenn Z scores of BMD and dichotomous determinants were analyzed by 
usingg the Student's t test, or if applicable the Mann-Whitney test. Pearson's 
correlationn was assessed between BMD Z scores of lumbar spine and femoral 
neckk and all potential determinants, except those who were only measured in 
subgroupss (i.e. menarche and the period between the last transplantation and 
momentt of investigation in transplanted patients). All significant determinants 
(sett at p<0.2) identified from these univariate analyses were studied with a 
linearr stepwise multiple regression using the F-statistics with p=0.05 as criterion 
forr selection. We used the regression coefficient relating lean body mass with 
bothh lumbar spine and femoral neck BMD and the difference in lean body mass 
betweenn patients and controls to calculate the predicted BMD and Z score, 
adjustedd for lean body mass. 

Results. . 

TheThe cohort. The RENINE database produced a list of 251 patients, who fulfilled 
thee inclusion criteria. Checking with the local databases of all participating 
centerss revealed the following information: one patient was mentioned twice 
andd three patients did not meet to the inclusion criteria. Reviewing the 
databasess of all dialysis and transplantation centers produced two extra 
patients.. According to RENINE, 7 out of 251 patients were lost to follow up. Six 
off  these patients appeared to be alive and one patient had passed away. Thus 
thee definite cohort consisted of 249 patients. Of these, at time of the study, 63 
patientss (25.3%) had died; one of them died 4 months after the cross-sectional 
investigation,, and was included as participant. No patients were lost to follow 
up. . 

Off  all LERIC patients we recorded a total of 3870 patient years, covering the 
wholee period from the onset of RRT until august 2000 or time of death, with 81 
patientt years missing and with an average follow up of 15.5 years per patient. 
Off  2 patients (0.8%) who both died in 1974, no clinical data on bone disease 
couldd be found. The main characteristics of all the patients are listed in table 1. 
Off  187 patients alive 47 (25.1%) declined to participate in the cross-sectional 
study,, leaving 140 subjects. No significant differences were found in age, 
gender,, age of onset of RRT and therapy characteristics between participants 
andd non-participants of the cross-sectional study. 
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8.8. Bone Disease 

Forr logistical reasons, lumbar spine and femoral neck DEXA mass was not 
performedd in 4 out of 140 (2.9%) subjects. In two patients, DEXA measurement 
off  the femoral neck was not possible because of a hip prosthesis. 

ClinicalClinical bone disease. The mean height of all the patients was 160.6 cm (range 
138.5-185).. Severe growth retardation (SD < -2.0) was seen in 61.4% of all 
LERIC-patients.. Clinical manifestations of bone disease had occurred in 36.8%, 
andd motor handicaps, caused by metabolic bone disease in 17.8 % of all 
patients.. Mil d disabilities were seen in 10.5%, severe disabilities in 7.3% of all 
patients.. No differences were seen in clinical bone disease, growth and motor 
handicapss between the total cohort, the participants and the non-participants in 
thee cross-sectional study (table 2). 

Bothh clinical bone disease and severe growth retardation were associated with a 
longerr duration of RRT, a longer duration of dialysis and with an initiation of 
RRTT earlier in history. Patients with aseptic bone disease had on average a 
longerr duration of total RRT, a longer time with a well functioning renal graft, 
andd a start of RRT earlier in history, than those without aseptic bone necrosis. 
Severee bone disease was more apparent in patients with a history of severe 
hyperthyroidismm (table 3). 

Thee occurrence of atraumatic fractures was associated with longer total dialysis 
duration.. No association was found between clinical manifestations of bone 
diseasee and the cumulative dosage of steroids. Patients with severe growth 
retardationn tended to have had more steroids than those with normal growth, a 
differencee that however was not statistically significant (table 3). 

BoneBone mineral density. The mean standard deviation corrected for age and gender, 
off  the BMD (Z score) of the lumbar spine was -2.12 (SD 1.4), of the femoral neck 
-1.777 (SD 1.4). For male patients the mean Z score of the BMD of the lumbar 
spinee was -2.38 (SD 1.4), and of the femoral neck -1.64 (SD 1.3). In female 
patientss the Z-scores of the BMD of the lumbar spine was -1.80 (SD 1.3), and of 
thee femoral neck -1.86 (SD 1.3). Gender specified BMD, height and weight are 
presentedd in table 4. 
AA lumbar spine Z score of less than -1SD, consistent with at minimum 
osteopenia,, was found in 111 (81.6%) of all 136 patients measured; 52 patients 
(38.2%)) had a lumbar spine Z-score of less than -2.5 SD. Of 134 patients 104 
(77.6%)) had a femoral neck Z score of less than -1 SD and 51 (38.1%) had a 
femorall  neck Z score of less than -2.5 SD. Of all 136 patients 121 (89.0%) had at 
leastt in one segment a BMD Z score of less than -1 SD and 71 (52.2%) had at 
leastt in one segment a BMD Z score of less than < -2.5 SD. 

DeterminantsDeterminants of bone mineral density. No relation was found between age at 
commencementt of RRT, period of onset of RRT (1972-1981 versus 1982-1991), 
totall  duration of RRT, total duration of dialysis, age of menarche in women and 
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8.8. Bone Disease 

Tablee 4. Weight, height, lean body mass, and Bone Mineral Density (BMD) of 
lumbarr spine and femoral neck in male and female patients, compared to 
healthyy males and females. 

Agee in yr. (range) 

Meann height (cm) 

Meann weight (kg) 

Leann body mass (kg) 

Meann BMD Lumbar spine 

ZZ score BMD Lumbar spine1 

Meann BMD femoral neck 

ZZ score BMD femoral neck1 

Meann age in yr. (range) 

Meann height (cm) 

Meann weight (kg) 

Leann body mass (kg) 

Meann BMD Lumbar spine 

ZZ score mean BMD Lumbar spine1 

Meann BMD femoral neck 

ZZ score BMD femoral neck1 

MaleMale patients (n=73) 

20.7-41.7 7 

164.77 (SD 9.6) 

63.88 (SD13.5) 

47.77 (SD7.8) 

0.833 (SD 0.15)2 

-2.388 (SD 1.4)2 

0.766 (SD 0.14)3 

-1.644 (SD 1.3)3 

FemaleFemale patients (n=64) 

20.88 - 40.6 

156.11 (SD 8.9) 

58.00 (SD13.4) 

37.33 (SD5.6) 

0.844 (SD 0.14)7 

-1.800 (SD 1.3)7 

0.700 (SD 0.13)8 

-1.866 (SD 1.3)8 

Controls Controls 

20-40 0 

182.99 (SD 8.0)4 

80.44 (SD 9.1)4 

59.11 (SD 7.5)5 

1.099 (SD0.11) 

0 0 

0.911 (SD0.13) 

0 0 

Controls Controls 

20-40 0 

169.33 (SD 4.4)4 

67.00 (SD 7.3)4 

42.99 (SD 8.4)5 

1.044 (SD 0.11)ö 

0 0 

1.155 (SD 0.14)6 

0 0 

MeanMean values and standard deviations (SD) are give, except for age. l Z score = Standard 
DeviationDeviation corrected for age and gender;2 n = 71;s n = 70;4 data from Centraal Bureau voor de 
StatistiekStatistiek (National Health Statistics: www.cbs.nl); 5 from Boot el al [23];  6 data supplied by 
HologicHologic Inc; BMD in g/cm2;7 n = 63;8 n = 61. 
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8.8. Bone Disease 

severee hyperparathyroidism on the one hand, versus bone mineral values on 
thee other hand. Significant lower mean Z scores of the lumbar spine were found 
inn male/ compared with female patients, in patients with physical inactivity, 
comparedd to those with normal activity, and in patients who received a renal 
transplantt less than 3 years ago, compared to those who lived for more than 3 
yearss with a functioning renal graft at time of investigation. Mean differences in 
ZZ scores of lumbar spine and femoral neck BMD in patients categorized 
accordingg to potential determinants are given in table 5. 

Multivariatee linear stepwise regression analysis revealed an association 
betweenn a low BMD Z score of the lumbar spine on one side, and male gender 
((33 = -0.49, p<0.0001) and physical inactivity (P=-0.22, p=0.014) on the other side. 
AA low lean body mass was associated with a low lumbar spine Z-score ([3=0.46, 
p<0.0001),, as well as with a low femoral neck Z- score (P=0.41, p<0.0001) If the 
leann body mass was excluded from the analysis as variable, dialysis as modality 
off  RRT at time of investigation was associated with a low femoral neck BMD Z 
scoree (B=-0.18,. p=0.03). 

InIn the multivariate regression analysis height was not correlated with Z scores 
off  both BMDs. Table 6 and 7 show the univariate and multivariate relations 
betweenn determinants and Z scores of the lumbar spine and femoral neck BMD. 
Thee predicted Z scores of the lumbar spine and femoral neck BMD of male and 
femalee patients, when adjusted for lean body mass are given in table 8. 

Ass all our patients had received aluminum-containing phosphate binders at 
somee point, and the documentation of the dosage proved to be unreliable, 
furtherr analysis on these drugs could not be done. Growth-hormone therapy 
wass given to 43 (17.3%) patients. Since these were the first patients in the 
Netherlandss ever to receive growth hormone therapy on the indication of 
severee growth retardation caused by ESRD, we also excluded this drug from 
furtherr analysis for reasons of patient-bias. The mean cumulative period of 
prednisone-dosagee of more than 0.25 mg/kg was 2.63 years (SD 3.02). The 
meann dosage of methylprednisolone was 180 mg/kg. We estimated the overall 
meann dosage of prednisone to be 661 (SD 665) mg/kg over a mean cumulative 
periodd of 13.67 (SD 6.44) transplantation-years. Although the cumulative 
dosagee of corticosteroids was not correlated with BMD of either segment (data 
nott shown), patients with a history of aseptic bone necrosis had a significant 
lowerr mean Z score of the lumbar spine BMD (difference Z score = 0.91; 
p=0.006;; table 5). Patients who had ever used cyclosporine showed a lower 
lumbarr spine BMD Z score, which was, however, not significant compared to 
thosee on azathioprine (data not shown). 
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Tablee 5. Differences in mean Bone Mineral Density (BMD) of the lumbar spine 
andd the femoral neck categorized according to several potential determinants. 

Physical l 
inactivity y 
Lastt RRT 

Startt RRT 

Gender r 

Txx as last RRT 

Txx as last RRT 

Asepticc bone 
necrosis s 
Menarche e 

Hyperpara--
Thyroidismc c 

Yes Yes 
No o 
Dialysis s 
Tx x 
1972-1981 1 
1982-1992 2 
Male e 
Female e 
<11 year Tx 
>11 year Tx 
<33 year Tx 
>33 year Tx 
Yes Yes 
No o 
>15thh year 
<16thh year 
Yes Yes 
No o 

N N 

33 3 
103 3 
29 9 
107 7 
74 4 
62 2 
73 3 
63 3 
4 4 
104 4 
11 1 
96 6 
16 6 
120 0 
32 2 
29 9 
63 3 
72 2 

BMDBMD Lumbar 
spinespine Z score 
(SD) (SD) 
-2.76-2.76 (1.2) 
-1.900 (1.4) 
-2.222 (1.4) 
-2.088 (1.4) 
-1.96(1.4) ) 
-2.288 (1.4) 
-2.377 (1.4) 
-1.888 (1.3) 
-2.911 (0.9) 
-2.055 (1.4) 
-2.600 (0.8) 
-2.011 (1.4) 
-2.911 (1.3) 
-2.000 (1.3) 
-1.788 (1.3) 
-2.066 (1.2) 
-2.322 (1.3) 
-1.911 (1.3) 

Differ-Differ-
ence ence 

-0.86'' ' 

-0.14 4 

0.32 2 

-0.49̂  ^ 

-0.86 6 

-0.59* * 

-0.91'' ' 

0.28 8 

-0.41 1 

BMDBMD femoral 
neckneck Z score (SD) 

-2.000 (1.4) 
-1.677 (1.3) 
-2.188 (1.2) 
-1.63-1.63 (1.3) 
-1.688 (1.4) 
-1.844 (1.2) 
-1.666 (1.3) 
-1.866 (1.3) 
-1.73-1.73 (1.9) 
-1.622 (1.3) 
-1.999 (1.3) 
-1.588 (1.3) 
-2.13-2.13 (1.3) 
-1.711 (1.3) 
-1.700 (1.2) 
-2.200 (1.3) 
-1.744 (1.3) 
-1.811 (1.3) 

Differ-Differ-
ence ence 

-0.33 3 

-0.552 2 

0.16 6 

0.2 2 

-0.11 1 

-0.41 1 

-0.42 2 

0.5 5 

0.07 7 

""  p<0.05; b p<0.01; c Severe Hyperparathyroidism = more than 12 months serum parathormon 
levellevel > 3 times normal value; RRT = renal replacement therapy; Tx = transplantation; SD = 
standardstandard deviation; Z score = Standard deviation corrected for age and gender. 

Tablee 6. Pearson's correlations (R) between the lumbar spine and the femoral 
neckk Bone Mineral Densities (BMD) Z scores and determinants. 

Physicall  inactivity 
Dialysiss at time of investigation 
Startt RRT 1972-1981 vs. 1982-1992 
Malee gender 
Asepticc bone necrosis 
Agee of menarche 
Bodyy height 
Leann body massd 

ZZ score BMD lumbar 
spine:spine: R 

-0.27* * 
* * 
0.12 2 
-0.2» » 
-0.21" " 

0.15 5 
0.16 6 

ZZ score BMD femoral neck: 
R R 

-0.12 2 
-0.18" " 

0.18 8 
0.25b b 
0.41' ' 

aa p<0.05;b p<0.01;c p<0.001;d assessed by DEXA; *  not significant; RRT = renal replacement 
therapy.therapy. NOTE: Only characteristics significant at thep<0.2 level are shown. 
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Discussion. . 

ClinicalClinical bone disease. In this follow-up study in young adultswith ESRD since 
childhood,, we found that one third suffered from clinical manifestations of 
metabolicc bone disease. More than one out of six patients was disabled as a 
resultt of this bone disease and more than 60% was severely growth-retarded. 
Bothh growth-retardation and clinical bone disease were associated with a long 
durationn of dialysis, where as aseptic bone necrosis was associated with a long 
periodd of living with a functioning renal graft. 

Growth-retardationn is a well-known complication of ESRD in children [15,19, 
20].. Since we followed a group of patients who started RRT long before Growth 
Hormonee therapy became available, our findings on this matter are as expected. 
However,, the extent and severity of clinically manifest bone disease in these 
youngg patients surprised us. Although bone disease is a well-recognized 
problemm in ESRD, data on its clinical consequences in young adult patients with 
juvenilee ESRD are scarce. In their follow up study of 120 renal transplanted 
children,, Offner et al. report disabilities caused by bone disease in only 3 
patientss [24]. However, data on this subject were gathered only by telephone-
interview,, which in our experience can easily lead to underestimation of the 
disability.. For example, most of our patients who were unable to walk for more 
thann 100 meters or to climb a stairway, because of severe pain in the hips or 
knees,, first denied having any disability at all. Clinical manifestations of bone 
diseasee might therefore be a generally underestimated problem in young adult 
patientss with juvenile ESRD. 

BoneBone mineral density. We found low bone mineral density values in nearly all 
patients.. More than 50% of them had a BMD Z score in at least one segment of 
lesss than -2.5, which is consistent with osteoporosis in otherwise healthy 
subjects.. The lumbar spine was more severely affected than the femoral neck. A 
loww BMD of the lumbar spine was associated with a low lean body mass, male 
gender,, physical inactivity and aseptic bone necrosis. A low BMD of the 
femorall  neck was associated with a low lean body mass. The effect of lean body 
masss on BMD values was more apparent in male than in female patients. 

Loww BMDs have been reported in dialysis and transplanted patients with adult 
onsett of ESRD [1,3-12]. The major structural bone abnormality found in dialysis 
patientss is a generalized thinning of cortical bone due to increased endocortical 
resorptionn [7]. After transplantation, an imbalance in bone remodeling 
characterizedd by osteoclast stimulation and osteoblast suppression, results in a 
reductionn of trabecular and cortical bone [9-11]. Further, the mineralization is 
retardedd in transplanted patients. Garlini et al showed that in adults the BMD 
approximatess normal value only after 10 years of successful transplantation 
[10]. . 
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Tablee 7. Multivariate linear regression stepwise analysis to describe the relation 
betweenn the lumbar spine and femoral neck Bone Mineral Density (BMD) Z-
scoress and its determinants: standardized coefficients (P). 

ZZ score BMD lumbar spine: /? Z score BMD femoral neck: j3 

Physicall  inactivity -0.22b * 

Malee gender -0.49c * 

Leann body massd 0.46c 0.41c 

aa p<0.05; h p<0.01; c p<0.001; d assessed by DEXA; * not significant. Excluding lean body 
massmass and height as determinants revealed dialysis at time of investigation negatively associated 
withwith BMD femoral neck Z score (f3=-0.18, p=0.03). Z score = Standard deviation corrected for 
ageage and gender. NOTE: Only characteristics significant at the p<0.05 level are shown. 

Tablee 8. Predicted Z score of Bone Mineral Densities values, when adjusted for 
leann body mass. 

FemaleFemale patients Male patients 

Regressionn coefficient lumbar spine*  0.07 0.08 

ZZ score BMD lumbar spine -1.80 (SD 1.3) -2.38 (SD 1.4) 

Predictedd Z score BMD lumbar spine after correction -1.34 (SD 1.2) -1.48 (SD 1.2) 
forr lean body mass 

Regressionn coefficient femoral neck*  0.05 0.1 

ZZ score BMD femoral neck -1.86 (SD 1.3) -1.64 (SD 1.3) 

Predictedd Z score BMD femoral neck after correction -1.60 (SD 1.2) -0.52 (SD 1.1) 
forr lean body mass 

**  regression coefficient between bone mineral density and lean body mass; SD ^standard 
deviation;deviation; BMD = bone mineral density; Z score = Standard deviation corrected for age and 
gender. gender. 
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EtiologicalEtiological factors of low bone mineral density in renal disease. A low bone mineral 
densityy in ESRD results from a combination of specific and non-specific 
consequencess of renal disease. Hyperparathyroidism, the use of corticosteroids 
afterr transplantation, a low lean body mass, inactivity, and male gender are 
thoughtt to be the major causes of bone loss [2, 5-13, 18, 19-22]. The preferential 
losss of cortical bone in dialysis patients is thought to be caused by 
hyperparathyroidism.. Yet, normalization of parathormon plasma-levels does 
nott induce a reversal of this cortical thinning in dialysis patients [7]. This 
explainss why dialysis patients with a low turnover bone disease with 
osteomalaciaa who do not have apparent hyperparathyroidism, can still have 
severee cortical thinning. In these patients, the total bone loss is even greater 
thann in patients with osteitis fibrosa, as a result of concurrent cancellous bone 
losss [7]. Moreover, patients with a high turnover bone disease can have a 
normall  or increased BMD as a result of an increase in yet abnormally structured 
osteoidd with amorphous calcium depositions [25]. It might also explain why in 
ourr patient group the total duration of apparent hyperparathyroidism was of 
noo apparent influence on the BMD. 

Thee relation between lean body mass and bone mass is well established [17, 26-
28].. The mechanism is believed to be partially hormonal and partially 
mechanical.. Muscle increases mechanical load on bones, which stimulated bone 
formation,, especially in weight-bearing bones. The fact that lean body mass 
correlatess better with bone mass than total body weight, supports the 
assumptionn of an additional hormonal factor. In our patients, the low lean body 
masss accounted for an important part of the low bone density values, especially 
inn males. However, even after correction for lean body mass, the decrease in 
BMDD of the lumbar spine was still more severe than in patients with adult onset 
off  ESRD [10-12]. This counted for males as well as for females. 

Thee fact that males were more affected in our study than females is in 
accordancee with the results of the study by Cueto-Manzano et al.[ll] . They 
investigatedd the extent of bone loss in long-term renal transplant patients and 
foundd male gender even to be the strongest predictive factor for a low bone 
masss [11]. It is unclear to what extent gender differences in loss of lean body 
masss played a role in their study. The effect of physical inactivity on bone loss 
iss well documented in the literature, as is the reversibility by exercise. 
Sodermann et al found increased BMD values of the total body, the lumbar spine 
andd all sites of the hip in adolescent female soccer players, compared to non-
activee controls [14]. Slemenda et al showed that there was a direct relation 
betweenn the total hours of weight-bearing activity in children and increase in 
BMDD in the hip [13]. Spindler et al showed that also in hemodialysis patients 
increasee in femoral neck BMD was correlated with increase in muscular 
strengthh of the proximal muscles [26]. Our findings stress the importance of 
physicall  activity in these patients, who tend to be more inactive than average. 
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Corticosteroidss enhance resorption and reduce formation of mainly trabecular 
bone,, which is the primary component of the human vertebrae. Boot et al. 
foundd reduced lumbar spine BMD in 20 young adults who received a renal 
transplant.. This reduction was directly correlated to the cumulative steroid-
dosagee [18]. Contrary to these results, we found no direct relation between 
corticosteroid-dosagee and BMD of the lumbar spine. One explanation could lie 
inn the fact that the mean steroid-dosage in their population was 1186 mg/kg, 
beingg nearly twice as much as used by our patients. On the other hand, some of 
ourr results indirectly suggest the influence of steroids on bone mass. Patients 
whoo were transplanted less than 3 years before the DEXA-examination showed 
aa 32% lower BMD of the lumbar spine, compared to patients who had lived for 
moree than 3 years with a renal graft, at time of investigation. This difference 
couldd reflect the more recent use of high steroid-dosage in the first group, 
implicatingg that this bone loss is reversible. This finding is compatible with data 
off  Cueto-Manzano et al., who also found less reduction of bone mass in long-
termm renal transplanted adult patients compared to short-term reports [11]. 
Otherr circumstantial evidence of the relation between steroids and bone density 
inn our study could be derived from the relation we found between a history of 
asepticc bone necrosis and low lumbar spine BMD. 

TheThe impact of low Bone Mineral Density. ESRD in older patients goes with an 
increasedd risk of fractures. A direct relation between low BMD and increased 
riskk of fractures has been established in older dialysis patients, as well as in 
olderr renal transplanted patients [3,8,12]. Atsumi et al. found a double risk for 
vertebrall  fractures for each standard deviation decrease in bone mineral density 
off  the lumbar spine [8]. The prevalence of vertebral fractures in this study 
rangedd from 10% in the group aged 30-39 years to 34.5% in the age group 60-69 
years.. In transplanted patients, a triple fracture rate has been reported [12]. 

Yet,, the interpretation of the low BMDs that we found in our patients is 
difficult .. Schönau has pointed out the problems of non-invasive bone analysis 
inn children and adolescents [25]. For instance, hyperparathyroidism in children 
cann lead to the formation of woven instead of normal structured lamellar 
osteoid,, mineralized with amorphous deposed calcium rather than as 
hydroxyy apatite [25]. In patients with these severe structural matrix disorders, 
thee BMD can be normal or even high. On the other hand, a low BMD in children 
andd adolescents could be either due to an insufficient mineralization (mineral 
perr volume) or to a reduced structural density (i.e. a decreased trabecular 
thickness)) as a result of inactivity or muscular dysfunction [25]. Whether low 
BMDD values in patients with ESRD since childhood implicate the same 
increasedd risk of atraumatic and potentially debilitating fractures, as in ESRD 
patientss with adult onset, is therefore at present speculative. No follow-up 
studiess on this subject have been published. However, there are some important 
argumentss in favor of this relationship. First, it is well established that bone 
masss later in life is determined by the peak bone mass acquired during 
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adolescence,, and that consequently a low peak bone mass results in a higher 
riskk of osteoporosis [29, 30, 33]. Obviously, the mean peak bone mass in our 
patientt group was low. Second, it is also well demonstrated that patients with a 
loww bone mass as a result of a low lean body mass or inactivity are at risk 
higherr for fractures [31- 33]. Third, it is well established that malnutrition, 
inactivity,, and the use of cortocosteroids during childhood and growth-
retardation,, all put patients at risk for osteoporosis [33]. A prolonged follow-up 
off  the cohort is warranted to enact the actual impact of our findings on the 
incidencee of fractures. 

LimitationsLimitations of the study. Evaluation of some potential determinants was 
sometimess cumbersome (e.g. hyperparathyroidism) or impossible (e.g. 
aluminum-containingg phosphate binders and Vitamin D preparations), due to 
thee retrospective character of that part of the study. Beside the limitation of 
bonee mass measurement using DEXA only, we could not perform DEXA-
measurementss in 51 of 187 living patients of this cohort. Nevertheless, we 
believee that this group can be regarded as representative for the whole group, 
sincee no differences were found between the extent of clinically apparent bone 
disease,, and parameters with respect to bone mass of participants and non-
participantss of the cross-sectional study. 

Ass we discussed before, the value of DEXA as a measure of the true state of 
bonee in our patients is limited. New technologies, such as peripheral 
quantitativee CT (p-QCT) scanning and quantitative ultrasonography are 
promisingg in this respect. At present, however, no reliable (pediatric) reference 
dataa exist, limiting the ability of these tools to identify patients at risk for 
fracturee [33]. 

Conclusions. . 

Metabolicc bone disease is an important health problem in young adults with 
juvenilee end-stage renal disease. Although the impact of the low BMDs that we 
havee found remains speculative, our data suggest that bone mass in these 
patientss is reduced to a level which puts them at risk for atraumatic and 
debilitatingg fractures. Further follow-up of these patients is warranted in order 
too establish the actual long-term implications of our findings, and the need for 
therapeuticc intervention in these patients. 
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