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Abstract
Aim—To study bone turnover following
renal transplantation using a panel of bio-
chemical markers and to correlate the
results with both areal and volumetric
bone mineral density (BMD).
Patients—A total of 31 patients aged 18.1
years were transplanted 5.4 years before
this study. Control patients (n = 31) were
age and gender matched.
Methods—In addition to measurement of
biochemical markers, BMD was measured
by single photon absorptiometry and
peripheral quantitative computed tomo-
graphy on the non-dominant radius.
Results—Patients had reduced glomer-
ular filtration rate, raised concentrations
of serum phosphate, serum procollagene
type I carboxy terminal propeptide, osteo-
calcin, and serum procollagene type I
cross linked carboxy terminal telopeptide.
The diVerences were still significant if
only patients with normal intact para-
thyroid hormone were considered. BMD
single photon absorptiometry Z score for
age was significantly decreased. Following
standardisation for height the diVerences
were no longer present. With volumetric
techniques patients had normal trabecu-
lar but decreased cortical and total BMD
compared to age matched controls, but
there was no diVerence from height
matched controls.
Conclusion—Markers of bone turnover
are increased following renal transplanta-
tion. However, the biochemical analysis
did not allow conclusions to be drawn on
the bone mineral content. BMD single
photon absorptiometry Z score corrected
for height and BMD measured by quanti-
tative computed tomography compared to
height matched controls were normal in
paediatric renal transplantation patients.
Height matched controls should be used in
both areal and volumetric BMD measure-
ments in states of growth failure.
(Arch Dis Child 2000;83:146–151)
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Diseases aVecting the dynamics of metabolism
of the growing skeleton may have long lasting
sequelae in adulthood. There are conflicting
data concerning bone mineral content in
children and young adults following renal
transplantation. Bone mineral content can be
estimated by diVerent methods of osteodensito-

metry (single photon absorptiometry (SPA),
dual energy x ray absorptiometry (DEXA), and
the newly introduced peripheral quantitative
computed tomography (pQCT)). SPA and
DEXA provide “linear” density data (ex-
pressed in g/cm), which can be transformed to
“area” density by forming the ratio of the
amount of mineral measured and the projected
scanned area (expressed in g/cm2). Based on
the conventional linear and areal measure-
ments it was generally accepted that severe
osteopenia occurs following renal
transplantation.1 2 The methods involving volu-
metric techniques (pQCT) indicate that min-
eral loss may be less significant and mineral
content may even increase.3 4 However, bone
densitometry does not give information about
the underlying process of bone metabolism and
the quality of bone formed.5

Bone metabolism is characterised by the
opposite processes of formation and resorption
resulting in continuous turnover. The equilib-
rium between formation and resorption will
determine the gain, loss, or balance of total
bone mass.6 7 A number of substances synthe-
sised or released during bone remodelling are
now available for clinical use.8 During remod-
elling the bone matrix becomes calcified. The
currently used areal methods (SPA and
DEXA) are fairly reliable and reproducible in
adults. However, in children the influence of
bone geometry on bone mineral density
(BMD) measurements cannot be
neglected.4 9–11

Our aim in this cross sectional study was to
assess and characterise the bone remodelling
process by using a panel of markers of bone
formation and resorption in children and
young adults with functioning renal grafts for
longer than one year. We assessed the relation
of bone mineral density to bone markers using
two diVerent methods: SPA and pQCT.

Patients and methods
A total of 31 patients participated in the study.
Table 1 shows relevant patient characteristics
(and those of the control group).

Diagnoses in the renal transplantation group
were: chronic pyelonephritis (n = 15) (com-
bined with obstructive uropathy in 10, and
bilateral hypoplasia without obstruction in
five), focal segmental glomerulosclerosis
(n = 4), tubulointerstitial nephritis (n = 3),
membranoproliferative glomerulonephritis
(n = 3), nephronophtisis (n = 2), autosomal
recessive polycystic kidney disease (n = 2),
acute tubular necrosis (n = 1), and oligomega-
nephronia (n = 1).
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Patients were on haemodialysis for a median
of 2.5 years (range 0.5–5.5) prior to transplan-
tation. The mean age of the graft was 5.4 years
at the time of the study (range 1.6–11.2). Basic
immunosuppression consisted of combined
cyclosporin A (mean dose of 3.6 (SEM 0.8)
mg/kg/day in two divided doses aiming at a
trough level of 100–250 ng/ml) and low dose
(0.12 (0.2) mg/kg, once daily) methylpred-
nisolone. Ten patients additionally received
azathioprine (1.8 (0.4) mg/kg/day). All patients
had stable renal function; no rejection had
occurred for at least six months prior to this
study.

Age and gender matched patients with no
apparent nephrological disease undergoing
minor surgical interventions (inguinal hernia,
adenotomy, etc) were enrolled as controls.

Height was measured with a wall mounted
stadiometer. Measurements were performed
according to international guidelines12; refer-
ence data of normal children were obtained
from the first Zurich Longitudinal Growth
Study.13

Bone parameters measured were bone alka-
line phosphatase (BAP), serum procollagene
type I carboxy terminal propeptide (PICP),
and osteocalcin (OC) for bone formation; and
urinary pyridinoline and deoxypyridinoline
crosslinks (PYD, DPD), and serum procolla-
gene type I cross linked carboxy terminal
telopeptide (ICTP) for bone reabsorption.

Blood samples were taken at the time of rou-
tine blood samples for these patients. The
morning urine sample was used to assess
urinary PYD and DPD concentration. Serum
BAP and PICP was measured by enzyme
linked immunosorbent assay (ELISA,
Alkphase-B and Prolagen-C respectively,
Metra Biosystems Inc., Mountain View, Cali-
fornia). ICTP was measured by ELISA (Cross-
Laps, Osteometer Biotech Corp., Herlev, Den-
mark). Serum osteocalcin (bone Gla protein)
was measured by ELISA (Osteocalcin, DAKO
A/S Glostrup, Denmark).

Urinary PYD and DPD crosslinks were
measured by HPLC (Crosslink HPLC, Bio-
Rad GmbH, München, Germany). The ratio

of urinary PYD and DPD to urinary creatinine
was used as measure of PYD and DPD excre-
tion.

Intact (1–84) parathyroid hormone (iPTH)
was determined by immunochemiluminomet-
ric two site assay (CIBA-CORNING, Fern-
wald, Germany). The reference range of the
assay is 1–6 pmol/l.14 All routine laboratory
measurements (blood and urine calcium (Ca),
inorganic phosphate (P), and creatinine) were
performed on a Technicon Autoanalyser.

Bone mineral density was assessed by both
SPA and pQCT. SPA measurement was carried
out using an osteodensitometer with radioiod-
ine (125I) source (Gamma Works, Budapest,
Hungary) at the distal third of the non-
dominant radius as described previously.14 The
results were expressed as bone mineral content/
bone width ratio in g/cm2 (bone mineral
density, BMDspa). The coeYcient of variation
of the method was less than 4%. BMDspa
values of normal children (n = 251) deter-
mined previously were used as reference to cal-
culate the standard deviation score (BMDspa
Z score).15 16 BMDspa Z score was determined
in two ways: firstly, BMDspa Z score for age
was calculated; then the values were corrected
for height in order to eliminate bias caused by
growth retardation.3 4 9 17 PQCT was measured
on the same arm as SPA by an XQCT-2000
device (Stratec Medizinische GmbH,
Pforzheim, Germany) at 4% of the forearm
(ulnar) length proximal to the distal end of the
radius. Total and spongiosa bone density at
45% core area of the bone was automatically
analysed and reviewed for eventual erroneous
area definition. The bone mineral density
values for pQCT (BMDqct) were expressed in
mg/cm3. CoeYcient of variation of the method
was less than 2%.

Patient data were compared to those of 31
age and gender matched controls. To assess the
influence of short stature on the BMDqct
values, the patient data were also compared to
those of 31 height and gender matched
controls. The controls for the pQCT data were
taken from the database of the 251 children
which also provided normal values for SPA
measurements (Péter, unpublished data).

Table 1 Clinical characteristics of the renal transplantation group and the controls

n Age (y) Age range
Tanner stage
(1/2/3/4/5)

Height
(cm)

BMI
(kg/cm2)

Creatinine
(µmol/l)

Creatinine clearance
(ml/min/1.73 m2)

Time since renal
transplantation (y)
(range)

Renal transplantation 31 18.1 8–26 4/4/4/7/12 148 (5) 20.2 (0.9) 142 (11) 65.9 (3.9) 5.4 (1.6–11.2)
Controls 31 18.6 9–25 2/2/3/7/17 157 (7) 19.5 (0.7) 87 (3) 103.8 (3.2) —
p value — NS — — p = 0.05 NS p = 0.001 p = 0.001 —

Data are presented as mean (SEM).
BMI, body mass index.

Table 2 Values of calcium, inorganic phosphate, iPTH, markers of bone remodelling, and bone mineral density of the renal transplantation patients and
controls

Ca (mmol/l) P (mmol/l) iPTH (pmol/l) BAP (U/l) PICP (µg/l) OC (µg/l)
PYD
(µmol/mmol)

DPD
(µmol/mmol) ICTP (pmol/l)

Renal transplantation 2.43 (0.05) 1.66 (0.1) 12.9 (4.4) 65 (11) 335 (55) 26.9 (2.9) 221 (37) 44.3 (6.6) 11.6 (1.4)
Controls 2.42 (0.03) 1.49 (0.04) 2.0 (0.2) 48 (8) 190 (24) 18.0 (3.4) 232 (49) 34.7 (6.3) 6.3 (0.7)
p value NS p = 0.01 p = 0.03 NS p = 0.02 p = 0.03 NS NS p = 0.01

Data are presented as mean (SEM).
Ca, total serum calcium; P, inorganic phosphate; iPTH, intact parathyroid hormone; BAP, bone alkaline phosphatase; OC, osteocalcin; PICP, serum procollagene type
I carboxy terminal propeptide; ICTP, procollagene type I cross linked carboxy terminal telopeptide (ICTP); PYD, urinary pyridinoline; DPD, urinary deoxypyridino-
line crosslinks.
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Statistical analysis was performed by the
Mann–Whitney U test and linear regression
analysis using the Statistica 5.1 (StatSoft) soft-
ware package.

The study was performed according to the
Declaration of Helsinki and was approved by
the local ethical committee.

Results
As presented in table 1, patients and controls
were matched for age. The renal transplanta-
tion patients were significantly shorter than the
matched controls. Renal transplantation pa-
tients had significantly higher creatinine and
correspondingly lower creatinine clearance
values than the controls. Table 2 shows the
values of serum Ca, P, iPTH, and markers of
bone remodelling.

Serum Ca was normal. Serum P, iPTH,
PICP, OC, and ICTP were significantly
increased. The rise of BAP and DPD did not
reach significance. If only those patients
(n = 21) with normal iPTH (<6.0 pmol/l) were
considered, serum creatinine was still greater
than normal (130 µmol/l, p < 0.001). Further,
PICP, OC, and ICTP concentrations were still
significantly greater than those of the controls
(366 (69) µg/l, p < 0.02; 24.7 (2.1) µg/l,
p < 0.05; 10.3 (1.2) pmol/l, p < 0.01, respec-
tively).

If patients with accelerated pubertal growth
(Tanner score 2, 3, and 4) were excluded, the
remaining patients with Tanner stages 1 and 5

(n = 20) still had significantly higher PICP,
OC, and ICTP values than the non-pubertal
controls (310 (52) µg/l, p < 0.03; 19.1 (2.9)
µg/l, p < 0.05; 7.4 (1.1) pmol/l, p < 0.05,
respectively).

In both controls and renal transplantation
patients, serum P and the bone markers were
closely and negatively correlated with age and
height (table 3). Close and significant positive
correlation was observed between almost all
the bone markers measured (table 4)

There was no correlation between iPTH and
age or the anthropometric parameters (height,
weight, BMI). In renal transplantation there
was a negative correlation between creatinine
clearance and the time since transplantation
(r = −0.61; p < 0.001). iPTH was closely and
positively related to serum creatinine and
negatively to creatinine clearance (r = 0.49 and
−0.49 respectively; p < 0.01) and negatively
correlated to serum calcium (r = −0.48;
p < 0.01). However, there was no correlation
between iPTH and any of the bone markers
measured.

The BMDspa and the age matched BMDspa
Z data for renal transplantation patients were
significantly below those of the controls.
Following correction of BMDspa Z for height,
the diVerences were no longer present (table
5).

Total and cortical BMDqct was significantly
lower in the renal transplantation group
compared to the age matched controls. How-
ever (as shown in table 1) transplanted patients
had a significant height deficit. Thus, com-
pared to height matched controls the diVer-
ences were no longer present.

The absolute value of BMDspa of the distal
radius correlated to age (r = 0.53, p < 0.01)
and height (r = 0.46, p < 0.02). BMDqct of
the cortical bone correlated positively with age
(r = 0.39, p < 0.05), and height (r = 0.38;
p < 0.05). No correlation could be found
between trabecular density and age. There was
a positive correlation between the absolute
value of BMDspa and the cortical volumetric
BMDqct (r = 0.39, p < 0.04) in renal trans-

Table 3 Correlations (r values) between height, weight, inorganic phosphate, and bone parameters in the renal
transplantation group

Age Height P BAP PICP OC PYD DPD ICTP

Age 1 0.74 −0.45* −0.59** −0.63** −0.61** −0.81** −0.78** −0.46*
Height 1 −0.53* −0.58** −0.55* −0.62** −0.75** −0.66** −0.059

*p<0.05; **p<0.01.
P, inorganic phosphate; BAP, bone alkaline phosphatase; OC, osteocalcin; PICP, serum procollagene type I carboxy terminal
propeptide; ICTP, procollagene type I cross linked carboxy terminal telopeptide (ICTP); PYD, urinary pyridinoline; DPD, urinary
deoxypyridinoline crosslinks.

Table 4 Correlations (r values) between the bone
parameters

BAP PICP OC PYD DPD ICTP

BAP 1 0.58* 0.83** 0.63** 0.54* 0.78**
PICP 1 0.65* 0.80** 0.79** 0.42
OC 1 0.80** 0.71* 0.56*
PYD 1 0.96** 0.46
DPD 1 0.36
ICTP 1

*p<0.05; **p<0.01.
BAP, bone alkaline phosphatase; OC, osteocalcin; PICP, serum
procollagene type I carboxy terminal propeptide; ICTP, procol-
lagene type I cross linked carboxy terminal telopeptide (ICTP);
PYD, urinary pyridinoline; DPD, urinary deoxypyridinoline
crosslinks.

Table 5 Values of bone mineral density measured by SPA and pQCT in transplanted patients and controls

SPA pQCT

BMDspa
(g/cm2)

BMDspa Z
for age

BMDspa Z for
height

Controlled for age (mg/cm3) Controlled for height (mg/cm3)
Total Trab Cort Height Age Total Trab Cort

Renal
transplantation

0.589
(0.09)

−2.237
(0.049)

−0.2772
(0.1014)

298 (12) 199 (20) 367 (15) 148 (5) 18.1 (2.9) 298 (12) 199 (20) 367 (15)

Controls 0.7910
(0.07)

−0.1462
(0.097)

−0.1174 (0.761) 324 (11) 202 (6) 423 (20) 149 (8) 12.3 (2.5) 296 (5) 190 (5) 384 (6)

p value p = 0.001 p = 0.01 NS p = 0.05 NS p = 0.02 NS p = 0.001 NS NS NS

Data are presented as mean (SEM).
SPA, single photon absorptiometry; pQCT, peripheral quantitative computed tomography; BMDspa, bone mineral density measured by SPA; BMDspa Z, bone min-
eral density standard deviation (Z) score; Total, total bone mineral density; Trab, trabecular bone mineral density; Cort, cortical bone mineral density.
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plantation. The change of BMDspa with age
was much higher than that of cortical BMD.
Uncorrected BMDspa was 25%; BMDqct was
9% lower than the corresponding control.

No further correlation could be found
between any of the SPA and pQCT data. There
was no correlation between areal or volumetric
BMD (BMDspa and BMDqct) values and
iPTH or creatinine clearance. There was no
correlation between any of the measured bone
markers and any of the BMD values measured
or calculated.

Discussion
This study used a panel of bone markers and
two diVerent methods of bone densitometry in
order to characterise bone metabolism and
mineralisation in transplanted children and
young adults.

Until recently it was generally accepted that
most patients who had received renal trans-
plantation in childhood had moderate to severe
osteopenia, even many years after renal
transplantation.1 2 However, most of those
studies using linear or areal BMD measure-
ments did not take into account the problems
of interpretation caused by growth dependent
changes. Accordingly, recent data indicate that
following a significant decrease in BMD during
the first year after transplantation, BMD
increases significantly; weight/height related or
volumetric BMD is not subsequently
reduced.3 4 9 On the other hand, combined
densitometric and histological studies of bone
structure following transplantation suggested
that normal BMD values do not exclude the
presence of pathological bone structure, in-
cluding high turnover, adynamic, and/or mixed
bone disease. Bone remodelling following
transplantation could be influenced by the
actual renal function, parathyroid hyperplasia,
the eVects of immunosuppressive drugs, and
the stage of puberty.3 5 9 11

Although histological analysis of the iliac
bone biopsy is the gold standard for assessing
bone structure and remodelling,5 11 18 the pro-
cedure is not routinely performed and consid-
erable eVorts have been undertaken to develop
reliable non-invasive methods to characterise
bone turnover. A number of non-invasive
markers representative of diVerent steps of
bone metabolism are now available for clinical
use.8 Using a broad panel of those markers we
have found both an increased activity of bone
formation and resorption. Formation was
measured by BAP and OC as indicators of
osteoblast activity and PICP which results
from the extracellular cleavage of a molecule of
type I procollagene at the moment of its incor-
poration into the bone matrix.19 OC and PICP
were significantly raised. Interestingly the
elevation of BAP—regarded as one of the most
sensitive markers of formation—did not reach
the level of significance.

Quantitative analysis of PYD and DPD in
urine as well as ICTP in serum containing
cross linking molecules has been shown to
serve as an excellent marker of bone resorption
rate in a great number of diseases influencing
bone.8 20 We found a non-significant rise in

DPD (p < 0.08). ICTP was significantly in-
creased. Although ICTP tends to accumulate
in serum with the decline in renal function,
there was no correlation between ICTP and
ECC in our renal transplantation patients, sug-
gesting that the accumulation occurs by creati-
nine clearance values higher than observed in
this study.21

As expected, all markers studied presented
an age dependent course. To get round this
problem, patient data were compared to age
and gender matched controls. Even with this
approach, there was some diVerence in puber-
tal maturation between the patient and control
group. However, if only patients with stages 1
and 5 were considered the diVerences still per-
sisted.

We considered the possible role of actual
renal function: patients participating in this
cross sectional study were in “steady state”,
thus had stable, but somewhat decreased
creatinine clearance, no recent episode of
rejection, and standard immunosuppressive
treatment. The impairment of creatinine clear-
ance was correlated with time since transplan-
tation, in accordance with data indicating a
slow and gradual loss of graft function due
mainly to non-immunological reasons.22 Hy-
perphosphataemia accompanied by the in-
creased iPTH measured could well be one rea-
son for high bone turnover.8 23 However, there
was no correlation between iPTH and any of
the bone markers, or BMD data measured or
calculated. Further, PCIP, OC, and ICTP were
still significantly increased if only patients hav-
ing iPTH in the normal range were included.
Thus iPTH alone could not account for the
increased turnover.

Cyclosporin has been reported to increase
both bone formation and resorption in the rat
and to reduce cancellous bone volume.11 24

Similar changes have been described in bone
biopsy specimens of adult and paediatric renal
transplant recipients.5 11 25 All patients received
cyclosporin plus methylprednisolone, ten pa-
tients having additionally azathioprine as basic
immunosuppression. Thus cyclosporin is likely
to account for higher rates of bone formation in
patients with normal serum iPTH concentra-
tions, as prednisolone and other corticosteroids
are usually associated with decreases rather
than increases in bone formation and
turnover.26 Chronic steroid treatment even in
higher doses, did not cause substantial changes
in the level of bone markers in an unpublished
study in patients with steroid treated nephrotic
syndrome (Reusz, unpublished data). Thus, it
is unlikely that the low dose treatment of the
renal transplantation group would contribute
to the biochemical changes observed. The role
of other immunosuppressive agents as poten-
tial modifiers of bone resorption has not been
completely evaluated; however, azathioprine
does not seem to aVect bone mineral density by
itself during long term immunosuppressive
treatment for reasons other than renal
transplantation.11 27

The lack of correlation between markers of
bone turnover and the BMD data may seem
disappointing. However, in a recent study even
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a detailed histological evaluation failed to show
correlation between the histopathological sub-
types of bone pathology and BMD, showing
the complexity of the problem.5 The markers of
bone formation and degradation were all
closely interrelated. This only signifies that for-
mation and degradation are coupled processes.
In future studies, comparison of the rise of the
curves representing the single correlations
measured in diVerent patient groups and con-
trols could theoretically provide data on the
shift towards formation or resorption in the
groups studied.

Interpretation of the BMD values in renal
transplantation needs caution. Because areal
BMD data are influenced by bone geometry
dependent of patient height,8 10 the signifi-
cantly lower BMDspa and BMDspa Z for age
found should not necessarily be interpreted as
defective mineralisation. Renal transplantation
patients were significantly shorter than age
matched controls, a diVerence that could be
attributed to the growth failure caused by
uraemia and chronic steroid treatment. Corre-
spondingly, if corrected for height the BMD Z
values were almost normal, indicating that
most of the “mineral deficit” could be
attributed to the reduced age related geometry
of the bones rather than to a really lower
mineral content. These data measured on
a structurally diVerent bone than the
studies quoted (radius versus lumbar spine4 9)
indicate that the need for height correction is a
more general rule valid for diVerent types of
bones.

Using the volumetric method of pQCT,
renal transplantation patients had a significant
deficit of total and cortical, but not of trabecu-
lar mineral content, compared to age matched
controls. However, the diVerence virtually dis-
appeared when patients were compared to
height matched controls. The normal trabecu-
lar mineral density measured by pQCT is
compatible with the findings of Feber et al and
Klaus et al who measured (the mainly trabecu-
lar) density of the lumbar spine and corrected it
for vertebral volume or height respectively.4 9

The deficit in the total and cortical BMD of
renal transplantation measured by pQCT
could be attributed to the fact that the age
matched control group had an 8.6% higher
total and a 9.2% higher cortical bone density
than the six years younger height matched con-
trol group. Although volumetric BMD is much
less dependent on age than linear or areal
methods, it reflects however the small gain in
mineral content observed also by measuring
the percentage of bone ash of the diVerent
bones of the skeleton.10 28 This may be due in
part to the age dependent development of the
musculoskeletal unit described recently show-
ing a close relation between muscular strength
and BMD of the underlying bones.10 29 30 This
could also explain the correlation between
BMDspa and cortical BMDqct. However,
because BMDspa is also influenced by height
(and thus bone geometry), changes of BMD-
spa with age were much more expressed than
that of cortical BMDqct.

We conclude that measurements of param-
eters of bone formation and degradation are
indicative of an increased bone turnover in
renal transplantation patients. However, analy-
sis of the single parameters did not allow con-
clusions on bone mineral content. The “snap-
shot” given by the bone markers does not
necessarily reflect the long lasting process of
bone mineral deposition reflected by the
mineral content measured.

BMD Z score corrected for height and volu-
metric BMD measured by pQCT compared to
height matched controls are normal in paediat-
ric patients studied 5.4 (range 1.6–11.2) years
after renal transplantation. Height matched
controls should be used in both areal and volu-
metric BMD measurements in all states of
growth deficit.
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