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COMPLICATIONS
Metabolic

one Resorption in Kidney Transplant Recipients

.C. Gioviale, G. Damiano, C. Lombardo, C. Maione, G. Buscemi, and A.I. Lo Monte

ABSTRACT

Early diagnosis of persistent hyperparathyroidism (HP) following kidney transplantation
may prevent worsening of osteodystrophy and potential damage to the graft. We evaluated
the utility of collagen pyridinoline (PYD) and deoxypyridinoline (DPD) urinary cross-links
beyond the common HP markers to evaluate 70 selected stable recipients between 1997
and 2006 who were divided into 2 group depending on the immunosuppressive protocol.
All patients showed elevated levels of urinary cross-links even though calcemia and
phosphoremia values were normal. Their mean creatinine level was slightly increased.
Data were assessed as mean values � SD. All variables underwent a correlation matrix
analysis and a stepwise regression, with posttransplant intact parathyroid hormone (iPTH)
as the dependent variable and other variables as regressors. A statistically significant
correlation was observed between PYD and alkaline phosphatase (ALP; P � .0026, r � .41);
PYD and DPD (P � .015, r � .34); pre- and posttransplant iPTH (P � .024, r � .31); and
creatinine and ALP (P � .024, r � .31). Taking the groups separately, there were significant
correlations between PYD and ALP (P � .0076, r � .42); PYD and DPD (P � .017, r � .38);
ALP and posttransplant iPTH (P � .038, r � .33); osteocalcin (OC) and posttransplant iPTH
(P � .048, r � .32); and pre- and posttransplant iPTH (P � .019, r � .37) among subjects in
the first group, whereas subjects in the second group showed a correlation between posttrans-
plant iPTH and age at transplantation (P � .032, r � .61). In conclusion, we showed that
urinary cross-links may be helpful to reveal bone resorption in kidney recipients when usual

bone metabolism parameters do not demonstrate hyperparathyroidism.
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BONE RESORPTION IN KIDNEY RECIPIENTS 1171
IDNEY TRANSPLANTATION removes the meta-
bolic stimuli which lead to secondary hyperparathy-

oidism (HP) in uremic patients. However, excessive
roduction of parathyroid hormone (PTH) often lasts
fter transplantation leading to a disorder of oversecre-
ion of PTH with hypercalcemia (tertiary HP).1 Assay of
he biochemical markers of osteoclastic activity2,3 per-
its an early diagnosis of HP and, therefore, greater

ontrol of bone mass loss. Among the various markers
hich have proven reliable from the point of view of

ensitivity and specificity, pyridinolinic urinary collagen
cross-links” (pyridinoline [PYD] and deoxypyridinoline
DPD] seem to play a fundamental role. In fact, PYD and
PD seem to be 2 of the most efficient markers of bone

esorption.4 PYD and DPD are tiny binding molecules
from which the name “cross-links” derives) which pro-
ide structural rigidity to type I collagen in bone. They
re found mainly in bone and cartilagous collagen and in
mall quantities in the other connective tissues.5–7 Com-
ared with other biochemical markers of bone metabo-

ism, their presence is, therefore, extremely useful since
hey are the only expression of mature bone catabolism,
ithout interference from other intermediary metabo-

ites. Furthermore, urinary cross-link concentrations may
e considered the expression of bone resorption, since
hey are not subject to any metabolic modifications,
annot be reused by the organism, and are not absorbed
n the intestine, so that their determination is not af-
ected by diet. In physiologic conditions, their urinary
oncentrations vary according to sex (higher in women),
ge (increasing during the first decade and then after the
ourth decade of life), and endocrine activity (higher in
he postmenopausal stage). Their excretion follows a
ircadian rhythm with an increase during the night.8 In
ight of the above considerations, the aim of this study
as to assess the utility of urinary bone collagen cross-

inks in kidney transplant recipients as markers for early
iagnosis of bone resorption in comparison with tradi-
ional markers of bone metabolism.9,10

Table 1. Patient Charac

Parameter Patients Receiving Steroids (Group

ale/female 32/16
verage age of patients (y) 48.9 � 11.08
ge at transplantation (months) 46.8 � 34.01
erum creatinine (�mol/L) 144.1 � 60.2
erum calcium (mmol/L) 2.5 � .15
erum phosphorus (mmol/L) 1.03 � .20
LP (U/L) 72.9 � 26.2
C (ng/mL) 14.3 � 3.0
YD (nmol/mmol creatinine) 99.3 � 40.8
PD (nmol/mmol creatinine) 10.8 � 4.7
retransplant iPTH (pg/mL) 224.8 � 44.2
osttransplant iPTH (pg/mL) 80.1 � 15.1
ALP, alkaline phosphatase; OC, osteocalcin; PYD, pyridinoline; DPD, deoxypyridin
ATERIALS AND METHODS

mong a population of 120 subjects who underwent transplanta-
ion between 1997 and 2006 at our center, we selected 2 groups of
atients with well-functioning kidney transplants (Table 1). One
roup of 48 patients (A) had undergone immunosuppressive
herapy with calcineurin inhibitors cyclosporine (3–5 mg/kg body
eight/d with plasma concentration Cmax at 12 months posttrans-
lantation of 400 � 200 ng/mL) or tacrolimus (0.1–0.3 mg/kg with
max at 12 months of 3–8 ng/mL), methylprednisolone (0.1–0.5
g/kg body weight/d), and mycophenolate mofetil (1–2 g/d).
ithin this group, 31 subjects were affected by chronic glomerulo-

ephritis; 7, polycystic kidneys; 6, chronic pyelonephritis; and 4,
ephrolithiasis.
The immunosuppressive therapy among the other group (B; n �

2) included calcineurin inhibitors cyclosporine (3–5 mg/kg body
eight/d) or tacrolimus (0.1–0.3 mg/kg) and mycophenolate
ofetil (2 g/d), but not cortisone, since 14 of these patients were

ffected by severe arterial hypertension; 3, iatrogenic diabetes
ellitus; 3, glaucoma, and 2, cataract. These subjects were, there-

ore, included in the study to exclude any possible effects of
ortisone on bone remodeling. Within this group, 15 patients were
ffected by chronic glomerulonephritis; 4, chronic pyelonephritis; 2,
apillary necrosis; and 1, Alport’s syndrome.
The inclusion criteria required immunologic quiescence for at

east 12 months, no administration of drugs which might interfere
ith bone metabolism, no surgical parathyroidectomy, PTH levels
efore transplantation between 65 and 400 pg/mL as an indication
f functional activation of the parathyroid glands persistent at the
oment of transplantation, no cytomegalovirus (CMV) infection,

nd no use of monoclonal antibody during induction of immuno-
uppressive therapy.11,12 Exclusion criteria were: patients who
nderwent monoclonal antibody induction, those switched in ther-
py for side effects, those with graft-versus-host disease (GVHD)
ithin 12 months after transplantation, and those with CMV

nfection. This study included clinical data from 20 healthy control
ubjects, namely 10 men and 10 women of overall average age of
0.9 � 11.08 years.

Blood samples were taken in the morning at 1 year posttrans-
lantation; cross-link determinations were performed on fresh
rine, also sampled in the morning. Serum levels of creatinine,
alcium (Ca), phosphorus (P), and alkaline phosphatase (ALP)
ere measured using a multichannel analyzer of the Central
aboratory of our university. PYD and DPD were determined via

ics and Serum Values

P Patients Not Receiving Steroids (Group B) Control Group

— 11/11 10/10
NS 45.8 � 8.50 40.9 � 11.5
NS 47.0 � 30.3 —
NS 181.5 � 64.5 85.2 � 11.5
NS 2.39 � .19 2.44 � .20
NS 1.11 � .19 1.34 � .21
NS 69.5 � 17.0 53.1 � 8.4
NS 15.5 � 2.8 3.8 � .9

�.05 75.3 � 20.5 29.4 � 5.4
NS 11.9 � 4.7 5.1 � .8
NS 233.8 � 34.1 35.1 � 9.6
NS 89.0 � 20.9 —
terist

A)
oline; iPTH, intact parathyroid hormone; NS, not significant.
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1172 GIOVIALE, DAMIANO, LOMBARDO ET AL
mmunoenzymatic microplate methods (Metra PYD and DPD kits,
uidel Corporation), using a competitive enzyme and monoclonal

ntibody, anti-PYD and anti-DPD, respectively, which were coated
nto wells.13 This technique produced 2 curves involving 10 stan-
ards and 2 controls, both high and low.
The results were always related to urinary creatinine values

xpressed in nmol/L. The normal range for PYD is 12.8 to 37
mol/mmol creatinine and for DPD, 2.3 to 7.4 nmol/mmol creati-
ine.
We also measured the blood levels of PTH pre- and posttrans-

lantation and osteocalcin (OC) pre- and posttransplantation by an
lectrochemiluminescence method (Elecsys 2010, Roche Diagnos-
ic). All data were evaluated as mean values � SD, and all variables
ubmitted to a correlation matrix analysis and thereafter to a
tepwise regression, where the posttransplant intact PTH (iPTH) is
he dependent variable and the other variables are the regressors.
he stepwise procedure consisted of inserting only those variables
hich were significant at a level of significance � � 0.15 and
iscarding all the others. To obtain a better assessment of the
ifferent behavior of the posttransplant iPTH dependent variable

n the 2 groups of patients, we added the “dummy” variable as a
egressor. This variable incorporates the cortisone effect of the first
roup compared with the second group, namely, cases where this
rug was not included in the immunosuppressive therapy.
We considered the Snedecor F test as the test for statistical

ignificance for the parameters of the independent variables; this
an easily be confirmed by the Student t test, since �F(1, v) � t(v).

Table 2. Correlation Analysis

Age
Age at

Transplantation Creatinine AL

ge 1.0 (.0) .11 (.44) �.13 (.36) .14 (
ge at
transplantation

.11 (.44) 1.0 (.0) .05 (.70) �.17 (

reatinine �.13 (.36) .054 (.70) 1.0 (.0) �.31 (
LP .14 (.32) �.17 (.21) �.31 (.024) 1.0 (
C .061 (.67) �.10 (.47) �.16 (.24) .19 (
retransplant iPTH .13 (.35) �.035 (.80) �.006 (.96) �.083 (
osttransplant
iPTH

.10 (.47) �.0022 (.87) �.095 (.51) .21 (

YD .004 (.97) .019 (.89) �.016 (.90) .41 (
PD .039 (.078) .061 (.67) .16 (.25) .13 (

Table 3. Correlation Analysis of Group A: P

Age
Age at

Transplantation Creatinine ALP

ge 1.0 (.0) .080 (.63) �.19 (.24) .17 (.28
ge at
transplantation

.080 (.63) 1.0 (.0) .23 (.88) �.20 (.21

reatinine �.19 (.24) .023 (.88) 1.0 (.0) �.28 (.08
LP .17 (.28) �.20 (.21) �.28 (.08) 1.0 (.0)
C .092 (.58) �.22 (.17) �.26 (.10) .24 (.14
retransplant iPTH .19 (.23) �.07 (.63) �.09 (.57) �.14 (.38
osttransplant
iPTH

.003 (.98) �.25 (.11) �.28 (.08) .33 (.03

YD .04 (.80) �.030 (.85) .13 (.41) .42 (.00

PD �.036 (.82) .091 (.58) .15 (.33) .15 (.39)
ESULTS

able 1 shows that the mean values of serum creatinine in
ach group were just above the normal range, which is 60 to
7 �mol/L, while the serum levels for the following metrics
ere normal: Ca (normal range � 2.12–2.60 mmol/L);
(0.81–1.55 mmol/L); OC (1.5–13.6 ng/mL); and ALP

normal range for adult � 70–110 U/L). The posttransplant
PTH serum levels (normal range � 10–65 pg/mL) showed
n increase in each group: in group A, 80.1 � 15.1 pg/mL;
nd in Group B, 89 � 20.9 pg/mL. The pretransplant iPTH
as, of course, particularly high in both groups: 224.8 �
4.2 pg/mL in group A (receiving steroids) and 233.8 � 34.1
g/mL in group B (not receiving steroids).
The urinary cross-link levels were also fairly high, both in

roup A (PYD � 99.3 � 40.8 nmol/mmol creatinine; DPD �
0.8 � 4.7 nmol/mmol creatinine) and in group B (PYD �
5.3 � 20.5 nmol/mmol creatinine; DPD � 11.9 � 4.7
mol/mmol creatinine) compared with the values obtained

n the control group (PYD � 29.4 � 5.4 nmol/mmol
reatinine; DPD � 5.1 � 0.85 nmol/mmol creatinine). The
omparison of the mean values obtained in both groups was
ignificant only for PYD (P � .05).

Tables 2 to 4 report the correlation matrices relative to
ll interest variables; values in parentheses express the

oup A � B Patients (N � 70)

OC
Pretransplant

iPTH
Posttransplant

iPTH PYD DPD

.06 (.67) .13 (.35) .10 (.47) �.004 (.97) �.039 (.78)
�.10 (.47) �.035 (.80) �.022 (.89) .019 (.89) .061 (.67)

�.16 (.24) �.006 (.96) �.095 (.51) �.016 (.90) .16 (.25)
.19 (.18) �.083 (.56) .21 (.13) .41 (.0026) .13 (.36)
1.0 (.0) .23 (.10) .24 (.08) .20 (.14) �.04 (.78)
.23 (.10) 1.0 (.0) .31 (.024) �.16 (.26) �.047 (.74)
.24 (.08) .31 (.024) 1.0 (.0) .11 (.41) .14 (.31)

) .20 (.14) �.16 (.26) .11 (.41) 1.0 (.0) .34 (.015)
�.04 (.78) �.047 (.74) .14 (.31) .34 (.015) 1.0 (.0)

ts Receiving Steroids in Therapy (n � 48)

OC
Pretransplant

iPTH
Posttransplant

iPTH PYD DPD

.092 (.58) .19 (.23) .003 (.98) .040 (.80) �.036 (.82)
�.22 (.17) �.079 (.63) �.25 (.11) .030 (.85) .091 (.58)

�.26 (.10) �.09 (.57) �.28 (.8) .13 (.41) .15 (.33)
.24 (.14) �.14 (.38) .33 (.038) .42 (.0076) .15 (.35)
1.0 (.0) .31 (.05) .32 (.048) .23 (.14) �.04 (.78)
.31 (.05) 1.0 (.0) .37 (.019) �.17 (.29) �.09 (.58)
.32 (.048) .37 (.019) 1.0 (.0) .19 (.23) .10 (.51)

.23 (.14) �.17 (.29) .19 (.23) 1.0 (.0) .38 (.017)
of Gr

P

.32)

.21)

.024)

.0)

.18)

.56)

.13)

.0026
atien

)
)

)

)
)
8)

76)

�.04 (.56) �.091 (.58) .10 (.51) .38 (.017) 1.0 (0.0)
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BONE RESORPTION IN KIDNEY RECIPIENTS 1173
ignificance of the correlation coefficients. The correlation
atrices of the variables involved in the 2 groups of study

atients (70 subjects) in Table 2 showed the most significant
oefficient of correlation to be obtained from comparison of
YD and ALP (P � .0026, r � .41); PYD and DPD (P �

015, r � .34); and pre- and posttransplant iPTH data (P �
024, r � .31).

Table 3 shows for group A (48 subjects) a correlation
etween PYD and ALP (P � .0076, r � .42); PYD and
PD (P � .017, r � .38); and pre- and posttransplant iPTH

P � .019, r � .37). Unlike the data regarding the entire
opulation, patients of this group showed a correlation
etween posttransplant iPTH and ALP (P � .038, r � .33),
nd between posttransplant iPTH and OC (P � .048, r � .32).

In contrast to the first group, the correlation matrices in
able 4 showed for group B (22 subjects) a correlation only
etween posttransplant iPTH and age at transplantation
P � .032, r � .61). No correlation was observed between
he PYD and DPD data and the other parameters.

Table 5 shows data regarding the stepwise regression
rocedure, where the dependent variable is posttransplant

PTH. Although the first step in this procedure gives a
ather low R2 (R2 � .10), we verified that pretransplant
PTH was, nevertheless, significant (Prob � F � .024). The

Table 4. Correlation Analysis of Group B: Pat

Age
Age at

Transplantation Creatinine A

ge 1.0 (.0) .25 (.41) .10 (.75) .10
ge at transplantation .25 (.41) 1.0 (.0) .17 (.59) �.04
reatinine .10 (.75) .17 (.59) 1.0 (.0) �.48
LP �.10 (.75) �.04 (.88) �.48 (.11) 1.0
C �.11 (.71) .52 (.07) .014 (.96) �.06
retransplant iPTH �.20 (.52) .17 (.58) .22 (.48) .36
osttransplant iPTH .45 (.14) .61 (.032) .10 (.74) �.09
YD �.41 (.18) .40 (.19) �.42 (.16) .32
PD �.05 (.87) �.05 (.86) .09 (.76) .07

Table 5. Stepwise Regression Procedure f

Degrees of
Freedom Sum of Squares Mean Square F

tep 1*
Regression 1 1414.53 1414.53 5.39
Residual 48 12587.37 262.23
Total 49 14001.90

tep 2†

Regression 2 2230.68 1115.34 4.45
Residual 47 11771.22 250.45
Total 49 14001.90

tep 3‡

Regression 3 2853.21 951.07 3.92
Residual 46 11148.69 242.36
Total 49 14001.90

*Step 1: introduced the variable pretransplant iPTH.
† 2
Step 2: introduced the variable ALP (R � .15).
‡Step 3: introduced the variable “dummy” (R2 � .20).
ntercept was also highly significant (Prob � F � .01). The
elation between the pre- and posttransplant iPTH was
ignificant as well, as confirmed by the Snedecor F test,
here Prob � F � .024. In the second step, the addition of

he second variable, ALP, led to an increase in the R2 value
R2 � .16), while the regression equation of the posttrans-
lant iPTH on the regressors (pretransplant iPTH and
LP) was significant, as confirmed by the F test (Prob � F �

0169). Still, the coefficient of the regressor ALP was not
ignificant (Prob � F � .0775).

Finally, the addition of the “dummy” variable incorpo-
ating the effect of the different therapies (with or without
ortisone) increased the R2 value to .20. It is obvious that
here is also an increased significance of the regression, as
onfirmed by the F test (Prob � F � .0141). As can be seen,
he coefficients of the variables ALP and “dummy” were not
ignificant. The procedure was interrupted at the third
tep, since the remaining variables were not significant
or an � � 15%.

ISCUSSION

he persistence or relapse of hyperparathyroidism among
idney transplant patients is a well-known pathology. It

Not Receiving Steroids in Therapy (n � 22)

OC
Pretransplant

iPTH
Posttransplant

iPTH PYD DPD

) �.11 (.71) �.20 (.52) .45 (.14) �.41 (.18) �.051 (.827)
) .52 (.07) .17 (.58) .61 (.032) .40 (.19) �.05 (.86)
) .01 (.96) .22 (.48) .10 (.74) �.42 (.16) .095 (.76)

�.06 (.85) .36 (.24) �.095 (.76) .32 (.30) .074 (.81)
) 1.0 (.0) �.30 (.34) �.061 (.84) .46 (.13) .13 (.68)
) �.30 (.34) 1.0 (.0) .12 (.70) .14 (.66) .090 (.77)
) �.06 (.84) .12 (.70) 1.0 (.0) .24 (.43) .17 (.58)
) .46 (.13) .14 (.66) .24 (.43) 1.0 (.0) .47 (.11)
) .13 (.68) .09 (.77) .17 (.58) .47 (.11) 1.0 (.0)

Dependent Variable Posttransplant iPTH

F Variable
Parameter
Estimate

Residual
Standard F Prob � F

5 Intercept 53.18 12.74 17.43 .0001
Pretransplant iPTH .12 .05 5.39 .0245

9 Intercept 39.14 14.68 7.11 .0105
Pretransplant iPTH .13 .05 6.35 .0152
ALP .16 .09 3.26 .0775

1 Intercept 46.58 15.17 9.43 .0036
Pretransplant iPTH .12 .05 5.81 .0200
ALP .17 .09 3.69 .0611
“Dummy” �8.30 5.18 2.57 .1159
ients

LP

(.75
(.88
(.11
(.0)
(.85
(.24
(.76
(.30
or the

Prob �

.024

.016

.014
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1174 GIOVIALE, DAMIANO, LOMBARDO ET AL
ccurs when, after the removal of the parathyroid hyper-
lasia stimulus, subsequent to a well-functioning kidney
ransplant, excessive PTH secretion persists and there is no
egression of the symptoms of bone dystrophy. The result
ay be damage to the new kidney and to vascular tissue.
nly preventive measures can forestall the development of

his pathological condition.14,15

The clinical use of collagen cross-links is already common
n other pathological conditions involving high levels of
one resorption, such as Paget’s disease or postmenopausal
steoporosis. This application led us to assess their diag-
ostic usefulness in patients following kidney transplanta-
ion who showed normal levels of serum Ca, P, and ALP,
nd moderately high levels of OC and PTH, indicating
ctivation of the bone remodeling process and, therefore,
ersistent hyperparathyroidism.16

Among all subjects we observed urinary values of PYD
nd DPD were not particularly high, but certainly indicative
f persistent bone osteoclastic activity, despite recovery of
omeostasis by the presence of the new kidney. A statistical
omparison of all studied parameters, both of apposition
nd those regarding bone resorption, led to a significant
orrelation. This might cause an aggravation of the osteope-
ia, with serious clinical repercussions on the quality of life
f the transplant recipients.17

It must be emphasized that moderately high levels of
osttransplant iPTH, when examined singly, may be con-
idered to be an index of residual activation of the parathy-
oid glands, showing the presence or persistence of hyper-
arathyroidism, even though the metabolic stimuli leading
o gland hyperplasia have been removed. The high urinary
ross-link levels, which are caused only by the processes of
one resorption, are further confirmation of this hypothesis.
retransplant iPTH, as can be seen in the stepwise regres-
ion procedure, certainly affects the results of bone param-
ters, and continues to do so even after transplantation.

In conclusion, although all our data were obtained from
rather limited number of subjects, they seem to indicate

hat urinary cross-links of bone collagen are useful markers
f bone resorption. These markers should certainly not be
onsidered to be indices of bone metabolism alone, but with
he main parameters of hyperparathyroidism, such as ALP,
C, and iPTH, to provide a valid contribution to study of

one behavior among kidney transplant patients. The sig-
ificant correlation between our PYD and DPD results,
hich was observed in the entire population of subjects, as
ell as in patients that used steroids, makes it possible to
issect activation of bone metabolism due to bone mass
econstruction versus persistent osteoclastic activation
aused by hyperparathyroidism. The rather small number of
atients (n � 22) whose immunosuppressive therapy did
ot include cortisone (group B) did not permit us to draw
ignificant conclusions regarding the effect of cortisone on

he urinary elimination of cross-links. Nevertheless, the p
ignificantly lower levels of PYD (P � .05) in this group
ompared with those of group A suggested that steroids
ay have some effect on the elimination of urinary PYD.
urthermore, comparison with the control subjects showed
onsiderably higher values of both types of urinary cross-
inks in each transplant group. This study demonstrated the
tility of such parameters for the diagnosis of hyperpara-
hyroidism in patients with well-functioning kidney trans-
lants.18
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