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Abstract

Introduction: Chronic kidney disease mineral and bone
disorder (CKD-MBD) is a spectrum of bone minerals
changes that range from the high turnover lesions of
secondary hyperparathyroidism to the low turnover
lesions of adynamic bone disease. Bone biopsy is the
gold standard for the diagnosis, but it is not routinely
performed because it is an invasive technique.

Methods: Fifteen CKD children on regular hemodialysis
(group I) and fifteen CKD children on conservative
management (group II) were selected from the nephrology
clinics of Zagazig University Hospitals along with fifteen
age and sex-matched healthy controls. Participants were
subjected to biochemical assessment that included
osteocalcin (OC), total and bone-specific alkaline
phosphatase (tALP and bALP), isomerized beta form of
type I collagen cross-linked telopeptide (B-Crosslaps)
and intact parathyroid hormone (iPTH) levels. Patients
with CKD also had their bone mineral density (BMD)
measured using dual energy X-ray absorptiometry
(DEXA) at lumbar spine and femoral neck.

Results: Serum p-Crosslaps, OC and bALP were
significantly higher in patient groups than controls and
in group I compared to group II .There was a negative
significant correlation between mean Z-score at lumbar
spine and bALP, OC and iPTH in group I and with
B-Crosslaps in both patient groups. The mean Z-score at
femoral neck correlated negatively with bALP in group
I, with OC in group II and with iPTH and B-Crosslaps in
both groups.

Conclusion: Biochemical bone markers and assessment
of BMD in patients with CKD may have a role in the
early detection of CDK-MBD.
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Introduction

Disorders of bone and mineral metabolism in patients
with chronic kidney disease (CKD) represent a spectrum
of skeletal disorders ranging from high-turnover lesions
of'secondary hyperparathyroidism to low-turnover lesions
of osteomalaica and adynamic bone disease. The bone
lesions are observed in patients with CKD from early
stages (CKD stage 2) and are associated with significant
morbidity [1,2].

Disturbances in mineral and bone metabolism have
traditionally been termed renal osteodystrophy (ROD)
and classified based on bone biopsy findings. It is
recommended that the term ROD be used exclusively to
define alterations in bone morphology associated with
CKD, which can be further assessed by histomorphometry.
The term CKD-Mineral and Bone Disorder (CKD-MBD)
is used to describe a broader clinical syndrome that
develops as a systemic disorder of mineral and bone
metabolism due to CKD, which is manifested by
abnormalities in bone and mineral metabolism and/or
extra-skeletal calcification [3].

The remodeling cycle in normal bone lasts from 4 to 8
months and includes several phases: (1) an activation
phase of osteoclasts; (2) a resorption phase in which
osteoclasts erode the bone surface; (3) a reversal phase
in which resorption end and osteobasts are recruited;
(4) unmineralized matrix (Osteoid) synthesized by
osteoblasts; and (5) mineralization of the osteoid tissue.
Each of these steps (or several of them) are frequently
compromised in uremic patients [4].

Bone biopsy is the gold standard for diagnosing ROD, but
it is rarely used because it is an invasive procedure that
needs special equipment. Consequently, in recent years,
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Table 1: Demographic and laboratory characteristics of the studied groups

Group II (n=15)

Controls (n=15)

Characteristic(s) Group I (n=15)
Age (years), mean + SD 13.2+2.56
Male gender, number (%) 5(33.3%)
Onset of CKD (months), mean + SD 253+ 11.5
BUN (mg/dl), mean + SD 67.7+11.3
Creatinine (mg/dl), mean + SD 7.7+1.6
Calcium (mg/dl), mean + SD 7.8+1.1
Phosphorus (mg/dl), mean = SD 62+1.5

iPTH (pg/ml), mean =+ SD 323+ 156

121432 120432
6 (40%) 7 (46.7%)
13.6+3.1 -

61+16.5 10 4 2.9%
27+ 141 0.96 % 0.3*
77412 9.6+0.6*
6.6+1.8 4.6+ 0.7
218.5+ 11047 354+ 12.1%

BUN: blood urea nitrogen; iPTH: intact parathyroid hormone

* P <0.001 when control group was compared with group I or group II
T P <0.05 when group I was compared with group 11

some biochemical markers of bone turnover have been
used and tested in the evaluation of bone remodeling in
uremic patients [5, 6].

The ideal biochemical bone marker should be unique to
bone, reflect total skeletal activity and well correlated
with histomorphometric and radiocalcium kinetic results

[7].

Several enzymes and matrix proteins synthesized by
osteoblasts, and some protein fragments released after
bone matrix breakdown during the resorption process
have been proposed as serum biochemical markers of
bone formation. These include: bone-specific alkaline
phosphatase (bALP), total alkaline phosphatase (tALP),
osteocalcin (OC) and procollagen type I carboxy-
terminal propeptide (CTx). Moreover, bone resorption
biomarkers [tartrate-resistant acid phosphatase (TRAP),
isomerized beta form of type I collagen cross-linked
telopeptide (B-Crosslaps), and p2-microglobulin] as well
as cytokines and growth factors are involved in bone
remodeling [8-10].

Serum total ALP and its bone specific isoenzymes are
frequently used to monitor bone formation in patients
with kidney disease since ALP is one of the few bone
markers that is not influenced by variations in kidney
function [11, 12].

Osteocalcin (OC) is a non-collagenous calcium-binding
bone protein found in bone. It is secreted by osteoblasts
and its molecular weight is 5800 daltons. It accounts for
approximately 1% of total proteins in human. Osteocalcin
may function as a negative regulator of bone formation,
although its exact role is unknown [13]. OC is released
into the circulation from the bone matrix during bone
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resorption and hence is considered a marker of bone
turnover, rather than a specific marker of bone formation
[14].

Type I collagen is the main collagen type found in
mineralized bone. Especially relevant collagen type I
fragments are the C-terminal telopeptides (CTx). In the
C-terminal telopeptides the alpha aspartic acid converts
to the beta form of aspartic acid as the bone ages. These
isomerized telopeptides (B-crosslaps) are specific for
the degradation of type I collagen dominant in bone.
Elevated serum concentration of B-crosslaps have been
reported in patients with increased bone resorption and its
serum level return to normal during resorption inhibition
therapy [15].

Secondary hyperparathyroidism describes a complex
alteration in bone and minerals metabolism that occurs
as a direct result of CKD. Recently, assays have been
developed for determination of intact parathyroid
hormone (iPTH), that is the biologically active molecule
which gives better possibilities to correlate with bone
histomorphometry [16]. In vivo, increased PTH levels
stimulate bone resorption by increasing the osteoclast cell
number and activity. PTH also inhibits osteoprotegerin
(OPG), a cytokine which can inhibit the production of
osteoclasts, leading to a net catabolic effect on bone
[17].

BMD can be measured using dual energy X-ray
absorptiometry (DEXA) which is quick, non-invasive,
accurate and associated with minimal exposure to
radiation. BMD assessment in children with CKD is
important because bone mass later in life is dependent
upon the peak bone mass achieved in adolescence, and
because low BMD is associated with increased morbidity



Table 2: Etiology of chronic kidney disease (CKD) in patient
groups

Etiology of CKD GroupI Group II
Congenital nephrosis 0.0 6.7
Glomerulonephritis 13.3 133
Hemolytic uremic syndrome (HUS) 0.0 13.3
Reflux nephropathy 20.0 6.7
Urinary tract infections 6.7 0.0
Systemic lupus erythematosus (SLE) 6.7 13.3
Steroid resistant nephrotic syndrome 6.7 133
Unknown etiology 46.6 333
P=0.53

and mortality, although this has only been demonstrated
in adults [18, 19].

This work aimed to study the changes in the levels of some
biochemical markers of bone turnover and formation as
well as their correlation with BMD, in both dialytic and
predialytic children with CKD.

Methods

This cross sectional study was carried out in the
nephrology units and out-patient clinics of pediatric
and internal medicine departments, Zagazig University
Hospital, during the year 2009. Thirty patients (11 males
and 19 females) of ages ranging from 6 to 16 years were
enrolled in the study. Ethical approval was obtained from
the local research ethics committee and parents of all
children gave informed written consent prior to the study.
Glomerular filtration rate (GFR) was determined by *™Tc-
labelled diethylenetriamine penta-acetate (*"Tc-DTPA)
[20]. The patients were divided into two groups:

Group I: included 15 patients (5 males and 10 females)
of mean age 13.2+2.56 years with end stage renal disease
(GFR: < 15 ml/min/ 1.73 m?) on regular hemodialysis.

Group II: included 15 patients (6 males and 9 females)
of mean age 12.1£3.2 years in predialytic stage (GFR:
15-75 ml/min/1.73 m?) on conservative management.

Fifteen healthy children (7 males and 8 females) of mean
age 12.0+3.2 years were recruited as controls.

Exclusion criteria

- Patients who were taking medication known to influence
bone metabolism (corticosteroids, anticoagulants) within
the last year.

Bone activity biomarkers in CKD

- Patients who were on protein restricted diet.

- Patients who underwent parathyroidectomy.

- Patients with biochemical evidence of liver disease.

- Patients with malignant diseases.

- Patients receiving aluminum-containing phosphate
binders.

All the study populations were subjected to full clinical
history taking and physical examination as well as
biochemical assessment including: serum calcium
and phosphorus levels, serum creatinine and BUN,
osteoblastic activity (by measuring serum OC, tALP and
bALP), osteoclastic activity (by measuring B-Crosslaps),
and serum iPTH.

Venous blood samples were withdrawn and collected in
calcium free tubes and left at 37°C until clot retraction.
Clear sera were separated after centrifugation at 2000
rpm for 15 min, divided and stored at -20°C till time
of analysis. Fresh serum samples were used for assay
of calcium, phosphorus, creatinine and BUN. Analysis
methods included the following:

1. Serum calcium, phosphorus, creatinine and BUN were
determined using ADVIA 1650 Autoanalyzer (Siemens
Medical Solutions Diagnostic, USA).

2. Determination of tALP and bALP was based on the
fact that the bone isoenzymes of ALP are heat labile and
cannot withstand heating at 56°C for 10 minutes so that
residual activity after heating for 10 minutes represents
the other isoenzymes. tALP activity was measured
first then heat for 10 minutes at 56°C was applied. The
residual activity was measured and subtracted from the
total activity to obtain the bALP activity. The percentage
of bone isoenzyme activity was calculated. The normal
bone ALP isoenzymes activity in children and adolescents
is 85% of tALP [21].

3. Osteocalcin and B-crosslaps were assayed by electro-
chemiluminescence immunoassay (Roche Diagnostics
Co., Gmbl, D-68298 Manheim) for use on Elecsys 2010
immunoassay analyzer.

4. Concentrations of iPTH were determined by automated
chemiluminescence immunoassay on Immulite analyzer
(Diagnostic products corporation, Los Angles, CA, USA)
[22].

Assessment of bone mineral density (BMD), using dual
energy X-ray absorptiometry (DEXA, Lunar DPX-1Q
system, USA), was performed only for patient groups.
BMD of the lumbar spine (L2-L4) and femoral neck was
determined in the supine position. BMD results were
expressed as age and gender specific Z-scores.
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Table 3. Biochemical bone markers and BMD in studied groups

Group II (n=15) Control (n = 15)

Variable(s) Group I (n=15)
OC (ng/ml), mean + SD 247.6 £61.9
B-Crosslaps (ng/ml), mean = SD 43+14

tALP (IU/L), mean + SD 1331 +4254
bALP (IU/L), mean + SD 788.3 +170.9
BMD (hip) Z-score, mean + SD -3.17+1.1
BMD (lumbar) Z-score, mean + SD -2.74+£09

171.8 £23.7* 55.1 £ 18.57
1.8+ 0.6* 0.8+ 0.3+
1019+ 729.2 232.3 £40.5+
524 +257* 209.6 + 53.4+
-2.54+0.9%

-1.90 +0.8*

OC: Osteocalcin; B-Crosslaps: Isomerized beta form of type I collagen cross-linked telopeptide; tALP: Total alkaline phosphatase; bALP: Bone specific

alkaline phosphatase; BMD: Bone mineral density

* P < 0.05 when group I was compared with group II
T P <0.001 when control group was compared with group I or group II

Table 4. Correlation coefficient between Z-score of bone mineral density and bone biomarkers in the studied patients

Biochemical markers
at lumbar spine

Correlation coefficient with Z-score

Correlation coefficient with Z-score
at femoral neck

Group I Group II Group I Group II
ocC -0.48* -0.22 -0.1 -0.46*
B-Crosslaps - 0.69% -0.52% -0.61% - 0.49*
tALP -0.19 -0.39 -0.32 -0.21
bALP -0.46* -0.33 -0.43* -0.15
iPTH -0.53* -0.2 -0.671 -0.32

OC: Osteocalcin; B-Crosslaps: Isomerized beta form of type I collagen cross-linked telopeptide; tALP: Total alkaline phosphatase; bALP: Bone specific

alkaline phosphatase

* Statistically significant, P < 0.05
T Statistically significant, P < 0.001

Z-scores were calculated from the following equation:

Z-score = [BMD (g/cm?) of patient - BMD predicted for
age and sex]/ SD for BMD for age and sex matched.

Z-scores equal to or greater than -1 were considered
normal, z-scores lower than -1 and equal to or greater
than -2 were considered to indicate osteopenia, and
z-scores less than -2 were considered to indicate severe
osteopenia [23].

Data were analyzed using Statistical Package for the
Social Science (SPSS) version 14 for windows. Values
were expressed as percentage or mean = standard
deviation (X = SD). All statistical comparisons were
performed using the student's t-test, chi-square and
ANOVA. Linear correlations and regression were
used to test the correlations between Z-score and other
biochemical markers. P-values less than 0.05 were
considered statistically significant.
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Results

Table 1 shows the demographic and biochemical profiles
of studied groups. There was no difference in mean age
or gender distribution between the three groups. Groups I
and II had similar serum calcium and phosphorus levels,
but group I had significantly higher iPTH level.

Table 2 demonstrates the causes of renal failure in
groups I and II. Unknown etiology for CKD represents
the highest percentage in both (46.6% and 33.3%,
respectively) and the distribution of underlying etiology
was not significantly different between the two groups.

The biochemical markers of bone turnover and formation
(OC, B-Crosslaps, tALP and bALP) were significantly
higher in patient groups compared to controls (p <0.001).
Also, significant differences between group I and group
I as regard OC, B-Crosslaps and bALP were observed (p
< 0.05). The mean Z-score at lumbar spine and femoral



neck was significantly different between patient groups
(Table 3).

Z-score at lumbar spine was significantly and negatively
correlated with OC, bALP and iPTH in group I and with
B-Crosslaps in both groups. Z score at femoral neck was
significantly and negatively correlated with bALP in
group I, with OC in group II and with B-Crosslaps and
iPTH in both groups (Table 4).

Discussion

Abnormalities in mineral metabolism and bone structure
are almost universal findings with progressive CKD
[24]. The term ROD is to be used exclusively to define
alterations in bone morphology associated with CKD. The
changes that occur in the homeostatic mechanisms that
regulate serum concentrations of calcium and phosphate
lead to the development of ROD [25]. Clinical symptoms
of ROD are usually not present until advanced ROD is
manifested so, early and accurate assessment of skeletal
system in uremic patients is essential [26].

In this study BUN, serum creatinine, phosphate and iPTH
were significantly higher while serum calcium levels were
significantly lower in patient groups than controls. This
is similar to what has been reported in many studies [27,
28], documenting iPTH hypersecretion and abnormal
phosphate and calcium levels in CKD.

In our present study, on comparing dialytic patients
(group 1) and predialytic patients (group II), there were
no significant differences as regard etiology of CKD.
However, unknown etiology for CKD remained the
commonest cause in both groups (46.7% and 33.3% in
groups I and II, respectively). Ahmadzadeh et al [29]
reported in a study performed in South Western Iranian
children that the commonest causes of CKD were
reflux nephropathy, hypo/dysplastic kidney, hereditary
nephropathy and obstructive uropathy.

The high frequency of CKD-BMD and ROD in children
with CREF is likely related to the high rate of bone growth
and the remodeling processes that are characteristic of
the immature skeleton, which render it more sensitive to
calcium/phosphate disturbance [30].

In our study, both biochemical markers of bone formation
(OC, tALP, bALP) and bone resorption (B-Crosslaps)
were significantly higher in patient groups than controls,
which may reflect higher rates of bone formation and
degradation in patient groups. Meanwhile, bALP, OC and
B-Crosslaps were significantly higher in patients with end
stage renal disease (ESRD) than those in predialytic stage.
Similar results were reported by other studies [7,31].
Magnusson et al [32] suggested that elevation of OC,
and ICTP in patients dialyzed by both hemodialysis and

Bone activity biomarkers in CKD

peritoneal dialysis, may be partially due to the fact that
these markers are cleared by the kidneys. The increase in
bone turnover in these patients is due to the disturbance
involving phosphate excretion, vitamin D3 metabolism,
hypocalcemia, increased PTH and acid base disturbance
which are known patho-physiological factors leading to
destruction of bone microarchitecture and subsequently
increase bone turnover [33].

DEXA was performed for our patient groups at both
femoral neck and lumbar spine. The mean Z-score was
significantly higher in group I than in group II. Similar
results were also obtained by other studies [34, 35].

A study performed in Mansoura Children University
Hospital that enrolled 21 children with predialysis CKD
and 44 children with ESRD documented osteopenia in
13 (62%) predialysis patients and 26 (59.1%) patients
with ESRD, with no significant correlation between
Z-score and the duration of CKD or estimated creatinine
clearance [23].

In this study we found a significant negative correlation
between mean Z-score at lumbar spine and bALP, OC
and iPTH in group I and with B-Crosslaps in both patient
groups. The mean Z-score at femoral neck showed a
statistically negative significant correlation with bALP
in group I, with OC in group II and with iPTH and
B-Crosslaps in both groups.

Bakr [23] reported negative correlations between Z-score
and iPTH, phosphate, bALP, and positive correlation with
calcium, but no significant correlation with OC. Also,
Urena et al [36] reported that BMD and Z-score were
inversely correlated with bALP while Waller ef al [22]
found a significant correlation only with iPTH. Boot ez a/
[37] concluded that the mean BMD of children with CRF
did not differ from healthy controls. This discrepancy
may be related to the small number of patients in each of
these studies, varying patient characteristics, differences
in therapeutic management and variability in bone
mineralization and skeletal maturity due to differences in
sexual maturation.

Conclusion

The studied biochemical bone markers (OC, B-Crosslaps,
tALP and bALP) were increased in patients with CKD,
both in dialytic and pre-dialytic stages. The absolute
mean value of Z-score was significantly higher in dialytic
than pre-dialytic patients with CKD and it showed a
significant negative correlation with most of biochemical
bone markers.

CKD-MBD starts early in the course of CKD, long
before symptoms occur. It leads to bone deformities,
fractures, bone pain and growth failure. Early and regular
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assessment of biochemical bone markers and BMD in
patients with CKD should be considered to prevent the
irreversible disabilities that may result from delayed
treatment.
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