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Abstract

Background: Fracture risk is increased in chronic kidney disease (CKD), but assessment of bone fragility remains
controversial in these patients. This study investigated the associations between bone turnover markers, bone
mineral density (BMD), and prevalent fragility fracture in a cohort of kidney transplantation candidates.

Methods: Volumetric BMD of spine and hip was measured by quantitative computed tomography. Parathyroid
hormone (PTH), bone-specific alkaline phosphatase, procollagen type-1 N-terminal propeptide, tartrate resistant
alkaline phosphatase, and C- and N-terminal telopeptides of type 1 collagen were analyzed from fasting morning
blood samples. Fragility fractures included prevalent vertebral fractures and previous low-trauma clinical fractures.

Results: The fracture prevalence was 18% in 157 adult kidney transplant candidates. Fractured patients had reduced BMD
and Z-score at both spine and hip. Levels of bone turnover markers were significantly higher in patients on maintenance
dialysis than in pre-dialysis patients; but did not differ between patients with and without fracture. There were strong,
positive correlations between PTH and all bone turnover markers. PTH was negatively associated with Z-score at lumbar
spine and total hip; in contrast, bone turnover markers were only negatively associated with total hip Z-score.

Conclusions: Bone turnover markers were negatively associated with bone density, but not associated with prevalent
fracture in kidney transplantation candidates. The role of bone turnover markers in assessing bone fragility in CKD will

require further investigation.

Trial registration: This study was registered at ClinicalTrials.gov with identifier NCT01344434.
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Background

Fracture risk is increased in chronic kidney disease
(CKD) [1, 2], and remains high after kidney transplant-
ation [3]. In the general population, bone mineral dens-
ity (BMD) is used to assess fracture risk [4, 5], but this
approach is not recommended in late stages of CKD [6].
In addition to a loss of bone quantity, which can be
measured by BMD, patients with CKD suffer changes in
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bone remodeling which may be inappropriately high or
low, and with or without mineralization defects [7]. A
transiliac bone biopsy remains the gold standard for
evaluating changes in bone remodeling, but biochemical
markers of bone turnover have been proposed as non-
invasive alternatives [8].

Bone turnover markers are proteins produced by
active bone cells or fragments of collagen released into
the circulation during bone remodeling. High levels may
predict fracture in men and women with normal kidney
function [9], and several markers are recommended for
use in monitoring the response to anti-resorptive
therapy [10]. A previous study found strong associations
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between the levels of bone turnover markers and preva-
lent fracture in patients with pre-dialysis CKD [11]. In a
longitudinal study, increasing levels of bone turnover
markers predicted loss of BMD over time [12].

The clinical usefulness of bone turnover markers in
CKD remains unclear. We investigated the associations
between bone turnover markers, BMD, and previous
fragility fracture in a cohort of kidney transplantation
candidates with advanced CKD. We hypothesized that
patients with prevalent fracture would have reduced
BMD and increased levels of bone turnover markers.

Methods

Study participants

From February 2011 through January 2014 we enrolled
adult kidney transplantation candidates from four
centers in Denmark. Inclusion criteria were advanced
CKD and need of cardiac evaluation before kidney
transplantation based on at least one of the following
characteristics: age > 40 years, diabetes mellitus, main-
tenance dialysis therapy >5 years, kidney transplant wait-
ing list >3 years, or symptoms of cardiovascular disease.
Patients with unstable angina pectoris were excluded.

Bone density measurements

Angiographic computed tomography (CT)-scans of chest,
abdomen, and pelvis were performed on a dual-source CT-
scanner (SOMATOM Definition Flash; Siemens, Erlangen,
Germany). Details have been given previously [13]. Tube
energy was 100—120 kVp, tube current was set at 250 mAs,
and slice thickness was 3.0 mm. Intravenous x-ray contrast
media was administered at a set dose of 95 mL (ioversol;
Optiray, Mallinckrodt, Germany). Images were recon-
structed with a standard soft tissue kernel (B30f; Syngo.via,
Siemens, Erlangen, Germany).

Volumetric BMD of the lumbar spine and proximal
femur was determined using QCT Pro version 5.1
(Mindways Software Inc., TX, US). The calibration phan-
tom Mindways Solid (Mindways Software Inc., TX, US)
was scanned at regular intervals to provide calibration
data for asynchronous analysis [14]. Analysis of lumbar
spine BMD was performed by placing an oval region of
interest in the anterior part of three consecutive verte-
brae, excluding the posterior venous plexus and avoiding
focal heterogeneities and lesions. L1-L3 was preferred,
but in 17 patients L2-L4 was analyzed due to visible de-
formities of L1. Analysis of the proximal femur was
performed using the semi-automatic function provided by
the software. The left hip was preferred, but in 13 patients
the right hip was analyzed due to previous fracture, metallic
prosthesis, or incomplete image of the left hip. 7- and Z-
scores were determined by reference data supplied by the
software manufacturer. The two-dimensional hip projection
(CTXA) has been recommended for use in diagnosing
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osteoporosis [15]. Coefficients of variations (CV) were
0.68% at the lumbar spine, 1.85% at the total hip and 2.30%
at the femoral neck.

Fracture status

Previous fractures were determined by patient interview
and chart review and classified as fragility fractures if result-
ing from trauma equivalent to a fall from standing height,
or less [16]. High-trauma fractures and fractures of fingers,
toes, face, and skull were excluded. All fractures were con-
firmed by radiographs or radiology reports.

Prevalent VFs were diagnosed from sagittal two-
dimensional reconstructions of CT images of the
thoracolumbar spine (C4-L5). One reader (HSJ)
reviewed all images and flagged vertebrae with >20%
height reduction. VFs were then confirmed and classi-
fied according to Genant’s method by an experienced
radiologist [17, 18].

Biochemical measurements

Blood samples were collected in the morning after an
overnight fast. Intact parathyroid hormone (PTH),
alkaline phosphatase, phosphate, and ionized calcium
were analyzed by standardized methods throughout the
study period. Blood samples for analysis of bone turnover
markers were stored at —80 °C and analyzed in a single
batch upon study completion. 25-OH-Vitamin D, + D3
was measured using tandem mass spectrometry. Bone
specific alkaline phosphatase (BSAP) was measured using
enzyme immunoassay (MicroVue BAP EIA Kit, Quidel®,
San Diego, CA, US) with a CV of 6%; C-terminal telopep-
tide of type I collagen (CTX) was measured by sandwich
immunometric assay with a CV of 6%; N-terminal telo-
peptide of type I collagen (NTX) was measured by
competitive immunometric assay with a CV of 10%. PINP
trimer was measured by radioimmunoassay (IDS-iSYS,
Fountain Hills, AZ, US), with a CV of 10%, and Tartrate
resistant alkaline phosphatase type 5b (TRAP5b) was
measured using ELISA (Quidel’, Tecomedical Group,
Switzerland), and intra- and inter-assay CVs were both 3%.

Statistical analyses

All statistical analyses were performed with standard soft-
ware package STATA/IC 13.1 for Windows (StataCorp LP,
TX, US). Continuous variables were visually evaluated for
normal distribution by QQ-plots. Skewed variables were
transformed to their natural logarithm to enable paramet-
ric statistical testing. Normally distributed variables are
presented as mean * standard deviation (SD) with 95%
confidence interval (CI) and skewed variables as median
with interquartile range (IQR). Differences in continuous
variables were evaluated by Student’s ¢ test, and dichotom-
ous variables were tested by Pearson’s X test. Differences
across categorical variables were evaluated by one-way
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ANOVA. Multiple logistic regression analysis was utilized
to adjust for potential confounders with fracture as the
dichotomous outcome. Associations between biochemical
markers and BMD were evaluated by Spearman’s univari-
ate correlation followed by multiple linear regression
analysis. For all analyses, a two-sided p-value < 0.05 was
considered statistically significant.

Results

Characteristics of study participants

Of the 167 patients included, ten did not complete the
CT-scan due to withdrawn consent (n = 5), cardiovascular
event (n = 4), or kidney transplantation (n = 1); leaving
157 patients for the final analysis. Blood samples were
missing for eight patients, and these were excluded from
statistical analyses regarding bone turnover markers.

Underlying causes of CKD were: diabetes mellitus (DM)
type 1 or 2 (26%), hypertension or glomerulosclerosis (25%),
glomerulonephritis (24%), adult polycystic kidney disease
(13%), and other/unknown (11%). Fifty-nine patients were
on maintenance dialysis therapy, defined as >3 months of
treatment, with a median time on dialysis of 24 months
(IQR 6 to 60). The remaining 98 pre-dialysis patients had a
median estimated glomerular filtration rate (eGFR) of
11 ml/min (IQR 9 to 14]. Characteristics of patients by stage
of CKD are given in Additional file 1: Table S1.

One patient had recently initiated bisphosphonate
treatment, and three patients were on hormone replace-
ment therapy; none of them had a previous fragility frac-
ture. Two patients received calcimimetics, one of which
had a prevalent VF.

Fracture

The prevalence of fragility fracture was 18%, with 55 frac-
tures in 28 patients. Fractures included 32 VFs in 17 patients
(16 grade I, 15 grade II, and 1 grade III) and 23 non-VFs in
16 patients (9 wrist, 4 ankle, 4 hip, 3 femur, 2 Charcot’s foot
with osteonecrosis, and 1 clavicle fracture). Multiple fractures
were seen in 12 patients, among them 5 patients with both
VF and non-VF. Median time from non-VF to study inclu-
sion was 3.9 years (range 0.2 to 16.2).

Characteristics of study participants by fracture status
are shown in Table 1. Patients with prevalent fractures
had reduced levels of phosphate (p = 0.04) and were
more likely to have received prednisolone treatment
(p = 0.03), or to be currently treated with prednisolone
(p < 0.01). There were no differences in the levels of
bone turnover markers between patients with or without
prevalent fracture.

Bone turnover markers

Results of univariate correlation analyses between bone
turnover markers and demographic variables are shown
in Table 2. Several of the bone turnover markers
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correlated negatively with age and with body size. Both
formative and resorptive markers correlated positively
with PTH and alkaline phosphate levels. CTX and NTX
were the only markers correlated with eGFR.

Patients with type 1 DM had 18% (CI 5 to 30%,
p = 0.02) higher levels of BSAP than patients without
diabetes. No other differences in levels of bone turnover
markers were found between diabetics and non-diabetics
(Additional file 1: Table S2).

All bone turnover markers except TRAP5b were sig-
nificantly higher in patients on dialysis than in pre-
dialysis patients (Fig. 1). Levels were 22% (CI 11 to 32%,
p < 0.001) higher for BSAP; 25% higher (CI 8 to 38%,
p = 0.005) for PINP; 36% higher (CI 23 to 47%,
p < 0.001) for CTX and 43% higher (CI 29 to 54%,
p < 0.001) for NTX. Corresponding numbers for
TRAP5b were 16% (CI -2 to 30%, p = 0.07).

Bone density

The number of patients with BMD below expected for
their age (Z-score < -2.0), was 31 (20%) at the total hip,
24 (15%) at the femoral neck, and 13 (8%) at the lumbar
spine. Patients with type 1 DM had lower Z-scores at the
hip compared with non-diabetics in un-adjusted analyses,
while the opposite was true for patients with type 2 DM
(Fig. 2). Both DM type 1 (5 = —0.95, p = <0.001) and DM
type 2 (8 = 0.72, p = 0.01) remained significantly associ-
ated with total hip Z-score in a multiple linear regression
model including BMI and dialysis status. The difference
between type 1 and type 2 DM was also significant in the
adjusted analysis (p < 0.001). There were no differences in
Z-scores between pre-dialysis and maintenance dialysis
patients (Additional file 1: Table S1).

All of the markers, except CTX, correlated negatively
with total hip and femoral neck Z-scores (Table 2). To
investigate this association further, we performed multiple
linear regression analyses with Z-score as the outcome vari-
able, and each bone turnover marker entered individually
as the main explanatory variable. As potential confounders,
we included BMI, DM type 1, DM type 2, and dialysis
therapy. Results are shown in Table 3. PTH was the only
biochemical marker significantly associated with Z-scores
of both spine and hip. None of the bone turnover markers
were associated with lumbar spine Z-score, while all were
negatively associated with Z-score at total hip. BSAP was
the only marker significantly associated with total hip
Z-score independently of PTH (5 = -0.415, p = 0.04).

Bone density and fracture

Measurements of bone density and bone strength are
shown in Table 4. Patients with prevalent fractures had
reduced bone density at all three areas in the unadjusted
analysis (Fig. 3). BMD was mainly reduced at the lumbar
spine in patients with VF, and at the proximal femur in
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Table 1 Characteristics of kidney transplantation candidates by fracture status
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Characteristic All participants No fracture Previous fragility p
(n=157) (n=129) fracture (n = 28)

Age, years 54 [45, 63] 53 [46, 63] 57 [41, 65] 0.96
Weight, kg 775 (14.7) 782 (15.2) 74.0 (12.3) 0.18
BMI, kg/m2 257 (4.2) 259 (44) 24.8 (3.5 0.25
Female 50 (32%) 39 (30%) 11 (39%) 035
Caucasian 147 (94%) 119 (92%) 28 (100%) 0.21
Active smoker 48 (31%) 40 (31%) 8 (29%) 0.80
Type 1 Diabetes 35 (22%) 25 (19%) 10 (36%) 0.08
Type 2 Diabetes 15 (10%) 14 (11%) 1 (4%) 0.48
Current dialysis therapy 59 (38%) 50 (39%) 9 (32%) 0.67
Previous kidney transplantation 28 (18%) 22 (17%) 6 (21%) 0.59
Previous prednisolone treatment 46 (29%) 33 (26%) 13 (46%) 0.03
Active prednisolone treatment 21 (13%) 12 (9%) 9 (32%) 0.004
Phosphate binder, any type 112 (71%) 90 (70%) 22 (79%) 049
Phosphate binder, calcium-containing 83 (53%) 65 (50%) 18 (64%) 021
25-OH-vitamin D supplements 39 (25%) 28 (22%) 11 (39%) 0.05
Vitamin D receptor activators 110 (70%) 90 (70%) 20 (71%) 1.00
Parathyroid hormone, pmol/L 206 [13.8, 304] 213 [14.2,31.8] 174 [13.7, 28.6] 0.96
lonized calcium, mmol/L 1.22 (0.08) 1.22 (0.08) 1.21 (0.08) 0.49
Phosphate, mmol/L 1.57 (0.38) 1.60 (0.39) 143 (0.30) 0.04
Alkaline phosphatase, U/L 71 156, 91] 70 [55, 91] 81 [60, 94] 0.64
25-OH-vitamin D, + Ds, nmol/L 82 (48) 83 (49) 77 (42) 0.54
Bone specific alkaline phosphatase, U/L 26 [20, 35] 26 [20, 39] 27 [22,31] 0.77
Procollagen type 1 N-terminal propeptide, pg/L 62 [42,91] 65 [40, 96] 60 [49, 88] 0.89
Tartrate resistant alkaline phosphatase, U/L 429 [2.75, 5.80] 412 [2.69, 5.65] 458 [3.70, 6.58] 035
C-terminal telopeptide of type | collagen, ng/mL 1.13[0.73, 1.65] 1.15 [0.77, 1.63] 0.91 [0.68, 1.68] 0.72
N-terminal telopeptide of type | collagen, nmol/L 74 [44,111] 75[44,111] 72 [49,111] 0.99

Data are mean (SD), median [IQR], or n (%) and p = Student'’s t test

patients with non-VF. Buckling ratio was increased in
patients with fracture, while there was no difference in
the cross-sectional moment of inertia.

To adjust for potential confounders, we performed a
multiple logistic regression analysis with prevalent
fracture as the outcome variable and Z-score, BMI, dia-
lysis therapy, DM type 1, and DM type 2 as explanatory
variables. The odds ratio (OR) of prevalent fracture by a
1 unit decrease in Z-score was 1.74 (CI 1.17 to 2.60,
p = 0.007) at the lumbar spine, 2.30 (CI 1.37 to 3.87,
p = 0.002) at the total hip, and 3.21 (CI 1.72 to 5.98,
p < 0.001) at the femoral neck.

Discussion

In this cohort of kidney transplantation candidates with
advanced CKD, patients with prevalent fragility fractures
had reduced bone density, but they did not have in-
creased levels of bone turnover markers. Bone turnover

markers were negatively associated with bone density at
the hip, but not at the spine — and this association could
partly be explained by the PTH level.

Determinants of fracture

Markers of bone turnover were not associated with fracture
status. This finding is in contrast to results from the study
by Nickolas et al. where both formative (osteocalcin, PINP
trimer) and resorptive (CTX, TRAP5b) markers were ele-
vated in pre-dialysis patients with prevalent fractures [11].
There are some notable differences between these two co-
horts. In the abovementioned study, patients were older,
(median age of 78 and 69 years for patients with and with-
out fracture compared with 54 years in our cohort); they
had better preserved kidney function (median eGFR 25 and
28 for patients with and without fracture compared with
11 ml/min/m® in our cohort), and none were on dialysis.
Less than 30% received active vitamin D-compounds,
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Table 2 Univariate correlations between biochemical
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markers of bone turnover and characteristics of adult kidney transplantation

candidates

BSAP PINP TRAP 5b CTX NTX

rho rho rho rho rho
Age, yrs -0.16 (o] -0.18 T 0.01 -0.19 t -0.19 t
Weight, kg -0.18 T -0.22 T -0.14 (1) -0.14 (1) -0.18 T
Body mass index, kg/cm2 -0.17 T —0.22 T —0.11 -0.15 (1) -0.17 T
Estimated glomerular filtration rate (pre-dialysis only, n = 98) 0.16 —0.01 —0.00 -0.26 T -0.30 +
Parathyroid hormone, pmol/L 0.30 ¥ 037 + 045 + 042 + 045 +
lonized calcium, mmol/L -0.18 T -023 T -0.12 -0.17 T -0.17 T
Phosphate, mmol/L -0.11 —0.03 —0.10 0.04 013
Alkaline phosphatase, U/L 0.72 f 043 kS 0.35 ¥ 0.38 Ed 0.34 kS
25-OH-vitamin D, + D3, nmol/L -0.02 —0.04 0.09 —-0.05 -0.08
Lumbar spine BMD, mg/cm3 0.05 0.07 —0.08 0.03 -0.04
Lumbar spine Z-score 0.01 0.01 -0.06 -0.05 -0.13
Total hip BMD, mg/cm? -0.20 T -0.12 -0.20 1 -0.09 -0.15 (1)
Total hip Z-score -027 + -022 T -0.19 T -0.12 -0.20 T
Femoral neck BMD, mg/cm3 -0.10 —0.04 —0.12 0.01 -0.09
Femoral neck Z-score -0.22 t -0.22 T -0.18 T -0.11 -0.20 T

Data are Spearman’s rho with corresponding p-values, (t) = p < 0.10, T = p < 0.05, ¥ = p < 0.001
Abbr.: BVID Bone mineral density, BSAP Bone specific alkaline phosphatase, PTNP Procollagen type 1 N-terminal propeptide, TRAP5b Tartrate resistant alkaline
phosphatase type 5b, CTX C-terminal telopeptide of type | collagen, NTX N-terminal telopeptide of type | collagen

) Bgne specific Procollagen type 1
Parathyroid hormone alkaline phosphatase N-terminal propeptide
100 100 250
. p=042 £ <0.001 p=0.005
80 M 80 . 200 s :
. . 3
) . i
S 60 . o 00 : 4 150 .
£ H S E}
a 40 40 100
20 20 H 50
0 ! 0 0
Tartrate resistant C-terminal N-terminal
alkaline phosphatase type 5b telopeptide of type I collagen telopeptide of type I collagen
18 5 500
16 L p=007 p<0.001 p<0.001
14 . 4 . . 400 .
12 . . H .
2 0 i : & 3 : 2 300 .
2 2 £ 200 :
4 1 100
2
0 0 0
=== Pre-dialysis (n=98)
=== Dialysis (n=59)
Fig. 1 Levels of bone turnover markers in kidney transplantation candidates by dialysis status. Boxplots with median and interquartile range,
whiskers at 5 and 95%, p = Student's t test




Jorgensen et al. BMC Nephrology (2017) 18:284

0,50 p=0.003 =004 B
T I T T
025 F T <0.001p<0.001 <0.001 p<0.001 1
I | — [ [ 1
0,00
2025 F |
20,50
o
2 75l |
8 0.75 ANOVA p =038
N 21,00 F g
g
S 125 g
41,50 F |
175 F g
2,00 || T—3 No DM (n=107) ANOVA p<0.001
235 | [ DM type 1 (n=35) |
” I DM type 2 (n=15) ANOVA p <0.001
2,50 - } i
Lumbar spine Total hip Femoral neck
Fig. 2 Z-scores of spine and hip in kidney transplantation candidates
with and without diabetes mellitus. Data are mean with standard
errors, ANOVA p = one-way analysis of variance, p = student’s ¢ test

compared with >70% in our cohort, and median levels of
PTH were also higher among our patients. Thus, the rela-
tionship between bone turnover markers and prevalent
fracture may differ depending on the severity of CKD and
the extent of renal osteodystrophy. In line with this, another
study including 70 patients with CKD stage 5D on
hemodialysis also failed to detect a difference in the levels
of BSAP and CTX based on fracture-status [19]. On the
other hand, high levels of alkaline phosphatase [20] and
BSAP [21] have been shown to predict fracture in Japanese
hemodialysis patients. More research is needed on this
topic before any firm conclusions can be drawn.

Bone density of both spine and hip was reduced in
patients with prevalent fractures. This finding is in
agreement with several recent observational studies,
demonstrating a robust association between low BMD
and an increased prevalence of fracture [22-26]. In pro-
spective studies, low BMD increased the risk of fracture
both in pre-dialysis CKD [27] and in hemodialysis pa-
tients [21]. Based on these studies, international guide-
lines on fracture risk assessment in CKD are currently
being revised [28].
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Determinants of BMD

High levels of both formative and resorptive markers
were associated with reduced BMD at the total hip, but
not at the lumbar spine. These results are in agreement
with previous studies. Increased levels of bone turnover
markers were associated with decreased BMD [29], loss
of BMD [30-32], and worsening parameters of bone
quality [12] at the forearm, another distal skeletal site.
Both PINP and TRAP5b were associated with reduced
BMD of hip and forearm, but not the lumbar spine in
CKD-patients [11]. In a recent prospective study,
TRAP5b predicted loss of BMD at the total hip in a
hemodialysis cohort [33].

Further, all markers were positively correlated with
levels of PTH, which also concurs with previous findings
[11, 29, 30, 34, 35]. Prospectively, high levels of both
PTH and bone turnover markers were associated with
deterioration of cortical bone at the forearm measured
by high resolution peripheral QCT [12]. In our study,
the associations between BMD and bone turnover
markers were attenuated when PTH-levels were taken
into account.

These results support the hypothesis of secondary
hyperparathyroidism as a cause of high bone turnover
and subsequent loss of bone density in CKD, particularly
at the peripheral skeleton [6]. Sustained hyperparathyr-
oidism cause a high turnover state in bone, where bone
resorption and, to a lesser degree, bone formation is
stimulated, resulting in the release of both formative and
resorptive markers [36]. The disturbed osteoblast activ-
ity leads to disorganized bone formation, with an in-
crease in the non-mineralized component of bone
[37, 38]. This could potentially be captured by BMD,
which expresses mineralized bone per measured area
or volume. However, few studies have attempted to
relate histomorphometric parameters with BMD, and none
of them recent. One study found that high turnover was re-
lated to a higher lumbar spine BMD [39], while two others
reported that BMD was lower in high turnover [40, 41],
particularly at the distal skeleton [41].

Table 3 Association between bone turnover markers and bone density in kidney transplant candidates

Lumbar spine Total hip Femoral neck Z-score

Z-score Z-score

B p B p B p
Parathyroid hormone, pmol/L —0.243 0.04 -0.271 <0.01 —-0.182 0.02
Bone specific alkaline phosphatase, U/L —0.066 0.78 —0.557 <0.01 -0428 0.02
Procollagen type 1 N-terminal propeptide, ug/L 0.010 0.94 -0.314 0.01 —-0.288 0.01
Tartrate resistant alkaline phosphatase, U/L -0.124 048 -0.325 0.01 —-0.285 0.02
C-terminal telopeptide of type | collagen, ng/mL -0.107 0.52 —-0.267 0.04 -0.194 0.09
N-terminal telopeptide of type | collagen, nmol/L —-0.186 044 —-0.297 <0.01 -0.226 0.03

Multivariate linear regression coefficients, 8, per 10% increase in biochemical marker, adjusted for body mass index, diabetes type 1, diabetes type 2, and

dialysis therapy
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Table 4 Bone density measurements in adult kidney transplantation candidates with and without prevalent fragility fracture

No fracture

Any fracture

Vertebral fracture Non-vertebral fracture

(n=129 (n=28) (n=17) (n=16)

Volumetric BMD, mg/cm?

Lumbar spine 126 + 38 103 + 37 T 90 + 28 ks 106 + 44 ()

Total hip 237 43 196 + 35 b 201 + 33 t 184 + 33 ¥

Femoral neck 242 £ 50 195 + 37 b 198 + 37 T 180 + 34 ¥
Areal BMD, mg/cm?

Total hip 071 £ 0.12 061 £ 0.10 + 063 +0.10 T 0.56 + 0.09 ¥

Femoral neck 0.60 £ 0.10 051 +0.09 + 052 +0.10 t 046 + 007 ¥
Z-score

Lumbar spine -030+ 137 =111 +£1.21 T -129+ 084 t -096 + 146

Total hip -1.08 + 1.05 -094 +1.04 ¥ —145+0.80 —242 + 088 ¥

Femoral neck -091 £ 094 -1.77 £ 086 ¥ -141 £ 079 —2.26 = 0.60 ¥
T-score

Lumbar spine -1.77 £ 143 —260 + 144 T -313+104 + 244 +1.71

Total hip -179 £ 1.05 —273 £ 089 b —247 £ 084 t -317+078 t

Femoral neck -1.74 £ 093 -2.60 + 0.79 b —244 + 0.86 t -3.04 + 0.64 ¥
Femoral neck strength

Buckling ratio 9.52 £ 3.05 129+ 38 ks 12.7 £ 38 ks 141 £ 40 ks

Cross-sectional moment of inertia, mm?* 750 + 239 777 £ 333 852 + 3.69 6.94 + 3.66

Data are mean + SD, Student’s t test: t+ = p < 0.05 and # = p < 0.001 compared to non-fractured patients

Stage of CKD and bone disease

The levels of bone turnover markers were higher in pa-
tients receiving dialysis treatment than in pre-dialysis pa-
tients, despite the poor kidney function (median eGFR of
11) in our pre-dialysis patients. This inverse relationship
between bone turnover markers and kidney function was
also seen across CKD stages 1 to 5 [34]. CTX and NTX

are cleared through the kidneys [42], and thus elevated
levels are expected as CKD progresses. In contrast, the
PINP trimer, BSAP, and TRAP5b levels are believed to be
unaffected by the glomerular filtration rate [43]. The
elevated levels of these markers are therefore likely due to
an increasing severity of bone disease after initiation of
dialysis treatment. In contrast, we found no differences in

Volumetric bone mineral density Z-scores
350 0,0 -
300 - -0,5 1
<0001 p<0.001
250 A L -1,0
==
3 200 A -1,5 A o
) p=0.
= »=0.004
150 A [ — -2,0 A
P <0.001
100 | 25 1 P <0.001
50 1 -3,0 1 [ No fracture (n=129)
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BMD between pre-dialysis and maintenance dialysis
patients, which could suggest that bone turnover markers
are better early markers of the progression of bone disease
during the transition from stage 5 to 5D of CKD.

Diabetes

Patients with type 1 diabetes had lower and type 2 diabetics
higher Z-scores at the hip compared to patients without
diabetes, and these differences were independent of body
size and stage of CKD. Insulin-dependent diabetes mellitus
has been associated with reduced BMD in patients with
normal kidney function [44] and also in pre-dialysis CKD
patients [34]. Bone anabolic effects of insulin have been
suggested as a possible mechanism behind these differences
between type 1 and type 2 diabetics [45]. Another explan-
ation could be the duration of disease, as Type 1 diabetes
manifests earlier — and a debut of CKD at a younger age
has been linked to reduced BMD [34]. Regardless of the
underlying mechanism, we would advise that type 1 and
type 2 DM be considered separately when investigating
renal bone disease.

Strengths and limitations

We consider the use of QCT for BMD analysis a strength
of this study. Though DXA remains the reference standard,
the QCT Pro CTXA hip projection has been accepted for
use in diagnosing osteoporosis [15]. QCT may also hold
certain advantages over DXA; the three-dimensional
imaging enable a precise placement of the region of interest
into the bone compartment, avoiding artefacts from
surrounding tissues. In CKD, calcification of the abdominal
aorta [46], dialytic peritoneal fluid [47], and mineral-
containing phosphate binders [48] may overestimate
lumbar spine aBMD by DXA. A recent study suggested that
QCT was more sensitive than DXA in detecting changes in
BMD over time in hemodialysis patients [33].

We did not have the opportunity to compare our
QCT results with the DXA reference standard, nor
did we perform bone biopsies for the diagnosis of
bone turnover. Other major limitations of this study
include the cross-sectional design and the lack of
power to assess the relationship between fracture as a
dichotomous outcome and multiple clinical factors.
Our cohort showed great heterogeneity in duration,
cause, and stage of CKD, which may have limited our
ability to detect relevant associations. Further, as our
patients were considered candidates for either living-
or deceased donor kidney transplantation, they may
differ substantially from an unselected CKD popula-
tion at the same stage. Lastly, as the majority of our
patients were Caucasian, the results may not be ap-
plicable to other ethnic groups.
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Conclusions

Our results support the hypothesis that increased bone
remodeling due to hyperparathyroidism lead to reduced
bone density in late stage CKD, which may contribute to
an increased risk of fracture. Prospective studies are
needed to further examine the utility of bone turnover
markers as tools of fracture risk prediction in CKD.

Additional file

Additional file 1: Table S1. Demographic data of kidney transplantation
candidates by stage of chronic kidney disease. Table S2.Characteristics of
kidney transplantation candidates with and without diabetes mellitus.
(DOCX 22 kb)

Abbreviations

BMD: Bone mineral density; BMI: Body mass index; BSAP: Bone specific
alkaline phosphatase; CKD: Chronic kidney disease; CT: Computed
tomography; CTX: C-terminal telopeptide of type 1 collagen; DM: Diabetes
mellitus; eGFR: Estimated glomerular filtration rate; ELISA: Enzyme-linked
immunosorbent assay; NTX: N-terminal telopeptide of type 1 collagen;

PTNP: Procollagen type 1 N-terminal pro-peptide; PTH: Parathyroid hormone;
TRAPS5b: Tartrate resistant alkaline phosphatase type 5b; VF: Vertebral fracture

Acknowledgements

The authors thank all study participants and the following co-workers: Shadman
Neghabat (Department of Radiology, Aarhus University Hospital) for diagnosing
vertebral fractures; Birgitte Kildevaeld Sahl (Renal Research Lab, Aarhus University
Hospital) for assistance with biochemical analyses and clinical examinations;
Birgitte Bang (Department of Nephrology, Aalborg University Hospital) and staff at
Departments of Nephrology, Viborg Hospital and Holstebro Hospital for including
patients.

Funding

This study received financial support from the following sources: Aarhus
University, Danish Society of Nephrology, Danish Kidney Association, Central
Denmark Health Region, Karen Elise Jensen Foundation, Helen and Ejnar
Bjornow Research Fund, Sester and Verner Lippert Research Fund, Cand.
polyt. Frode V Nyegaard and Wife Research Fund and MD Saren Segel and
Wife Johanne Wiibroe Segel Research Fund.

Availability of data and materials
The dataset analysed in this study is available from the corresponding author
on reasonable request.

Authors’ contributions

MS, MB, and PI were the primary initiators of this study, while EH, LR, SW,
and HSJ contributed significantly to the design. SW and HSJ were
responsible for data acquisition. HSJ was responsible for data analysis and
drafting of the manuscript, and all authors contributed to the interpretation
of results, critically revised the manuscript, and approved the final version.

Ethics approval and consent to participate

All patients provided written informed consent prior to study participation.
The study was approved by the Central Denmark Region Committee
on Health Research Ethics and The Danish Data Protection Agency and
followed the principles of the declaration of Helsinki. It was registered
at ClinicalTrials.gov (NCT01344434).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


dx.doi.org/10.1186/s12882-017-0692-5
http://clinicaltrials.gov

Jorgensen et al. BMC Nephrology (2017) 18:284

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details

'Department of Renal Medicine, Aarhus University Hospital, Palle
Juul-Jensens Boulevard 99, 8200 Aarhus N, Denmark. “Institute of Clinical
Medicine, Aarhus University, Aarhus, Denmark. 3Department of Cardiology,
Aarhus University Hospital, Aarhus, Denmark. *Department of Internal
Medicine, Hospital Unit West, Herning, Denmark. 5Departmem of
Rheumatology, Aarhus University Hospital, Aarhus, Denmark. ®Department of
Endocrinology and Internal Medicine, Aarhus University Hospital, Aarhus,
Denmark. "Department of Nephrology, Division of Medicine, Akershus
University Hospital, Oslo, Norway.

Received: 16 October 2016 Accepted: 18 August 2017
Published online: 06 September 2017

References

1.

Tentori F, McCullough K, Kilpatrick RD, et al. High rates of death and
hospitalization follow bone fracture among hemodialysis patients. Kidney
Int. 2014;85(1):166-73.

Arneson TJ, Li S, Liu J, Kilpatrick RD, Newsome BB, St Peter WL. Trends in
hip fracture rates in US hemodialysis patients, 1993-2010. Am J Kidney Dis.
2013,62(4):747-54.

Nikkel LE, Hollenbeak CS, Fox EJ, Uemura T, Ghahramani N. Risk of
fractures after renal transplantation in the United States. Transplantation.
2009;87(12):1846-51.

Kanis JA, Borgstrom F, De Laet C, et al. Assessment of fracture risk.
Osteoporos Int. 2005;16(6):581-9.

Johnell O, Kanis JA, Oden A, et al. Predictive value of BMD for hip and other
fractures. J Bone Miner Res. 2005;20(7):1185-94.

Group KDIGO (KDIGO) C-MW. KDIGO clinical practice guideline for the
diagnosis, evaluation, prevention, and treatment of Chronic Kidney Disease-
Mineral and Bone Disorder (CKD-MBD). Kidney Int. 2009;(113):51-130.
Malluche HH, Mawad HW, Monier-Faugere M-C. Renal osteodystrophy in
the first decade of the new millennium: analysis of 630 bone biopsies in
black and white patients. J Bone Miner Res. 2011;26(6):1368-76.

Sprague SM, Bellorin-Font E, Jorgetti V, et al. Diagnostic accuracy of bone
turnover markers and bone histology in patients with CKD treated by
dialysis. Am J Kidney Dis. 2016,67(4):559-66.

Johansson H, Odén A, Kanis JA, et al. A meta-analysis of reference
markers of bone turnover for prediction of fracture. Calcif Tissue Int.
2014;94(5):560-7.

Vasikaran S, Cooper C, Eastell R, et al. International Osteoporosis Foundation
and International Federation of Clinical Chemistry and Laboratory Medicine
position on bone marker standards in osteoporosis. Clin Chem Lab Med.
2011;49(8):1271-4.

Nickolas TL, Cremers S, Zhang A, et al. Discriminants of prevalent fractures
in chronic kidney disease. J Am Soc Nephrol. 2011,22(8):1560-72.

Nickolas TL, Stein EM, Dworakowski E, et al. Rapid cortical bone loss in
patients with chronic kidney disease. J Bone Miner Res. 2013;28(8):1811-20.
Winther S, Svensson M, Jergensen HS, et al. Diagnostic performance of
coronary CT angiography and myocardial perfusion imaging in kidney
transplantation candidates. JACC Cardiovasc Imaging. 2015;8(5):553-62.
QCT Pro Bone Mineral Densitometry Software - User's guide. In: Report
Content and Interpretation Module, Version 5.0. 2011. p. 11-19.

Engelke K, Lang T, Khosla S, et al. Clinical use of quantitative computed
tomography-based advanced techniques in the management of
osteoporosis in adults: the 2015 ISCD official positions-part Ill. J Clin
Densitom. 2015;18(3):393-407.

Seeley AG, Browner WS, Nevitt MC, Genant HK. Which fractures are
associated with low appendicular bone mass in elderly women. Ann Intern Med.
1991,115(11):837-42.

Genant HK, Wu CY, van Kuijk C, Nevitt MC. Vertebral fracture
assessment using a semiquantitative technique. J Bone Miner Res.
1993;8(9):1137-48.

Grados F, Fechtenbaum J, Flipon E, Kolta S, Roux C, Fardellone P.
Radiographic methods for evaluating osteoporotic vertebral fractures.
Joint Bone Spine. 2009;76(3):241-7.

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

Page 9 of 10

Urena P, Bernard-Poenaru O, Ostertag A, et al. Bone mineral density,
biochemical markers and skeletal fractures in haemodialysis patients.
Nephrol Dial Transplant. 2003;18(11):2325-31.

Maruyama Y, Taniguchi M, Kazama JJ, et al. A higher serum alkaline
phosphatase is associated with the incidence of hip fracture and mortality
among patients receiving hemodialysis in Japan. Nephrol Dial Transplant.
2014;29(8):1532-8.

limori S, Mori Y, Akita W, et al. Diagnostic usefulness of bone mineral
density and biochemical markers of bone turnover in predicting fracture in
CKD stage 5D patients—a single-center cohort study. Nephrol Dial
Transplant. 2012,27(1):345-51.

Cejka D, Patsch JM, Weber M, et al. Bone microarchitecture in hemodialysis
patients assessed by HR-pQCT. Clin J Am Soc Nephrol. 2011,6(9):2264-71.
Mares J, Ohlidalova K, Opatrna S, Ferda J. Determinants of prevalent
vertebral fractures and progressive bone loss in long-term hemodialysis
patients. J Bone Miner Metab. 2009,27(2):217-23.

Nickolas TL, Stein E, Cohen A, et al. Bone mass and microarchitecture in
CKD patients with fracture. J Am Soc Nephrol. 2010;21(8):1371-80.

Jamal SA, Cheung AM, West SL, Lok CE. Bone mineral density by DXA and
HR pQCT can discriminate fracture status in men and women with stages 3
to 5 chronic kidney disease. Osteoporos Int. 2012.

Jamal SA, West SL, Nickolas TL. The clinical utility of FRAX to discriminate
fracture status in men and women with chronic kidney disease. Osteoporos
Int. 2014;25(1):71-6.

West SL, Lok CE, Langsetmo L, et al. Bone mineral density predicts fractures
in chronic kidney disease. J Bone Miner Res. 2015;30(5):913-9.

Ketteler M, Elder GJ, Evenepoel P, et al. Revisiting KDIGO clinical practice
guideline on chronic kidney disease-mineral and bone disorder: a
commentary from a Kidney Disease: Improving Global Outcomes
controversies conference. Kidney Int. 2015;87(3):502-28.

Tsuchida T, Ishimura E, Miki T, et al. The clinical significance of serum
osteocalcin and N-terminal propeptide of type | collagen in predialysis
patients with chronic renal failure. Osteoporos Int. 2005;16(2):172-9.

Ueda M, Inaba M, Okuno S, et al. Clinical usefulness of the serum N-terminal
propeptide of type | collagen as a marker of bone formation in
hemodialysis patients. Am J Kidney Dis. 2002;40(4):802-9.

Okuno S, Inaba M, Kitatani K, Ishimura E, Yamakawa T, Nishizawa Y. Serum
levels of C-terminal telopeptide of type | collagen: a useful new marker of
cortical bone loss in hemodialysis patients. Osteoporos Int. 2005;16(5):501-9.
Ueda M, Inaba M, Okuno S, et al. Serum BAP as the clinically useful marker
for predicting BMD reduction in diabetic hemodialysis patients with low
PTH. Life Sci. 2005;77(10):1130-9.

Malluche HH, Davenport DL, Cantor T, Monier-Faugere MC. Bone mineral
density and serum biochemical predictors of bone loss in patients with CKD
on dialysis. Clin J Am Soc Nephrol. 2014,9(7):1254-62.

Rix M, Andreassen H, Eskildsen P, Langdahl B, Olgaard K. Bone mineral
density and biochemical markers of bone turnover in patients with
predialysis chronic renal failure. Kidney Int. 1999;56(3):1084-93.

Nakashima A, Yorioka N, Doi S, Takasugi N, Shigemoto K, Kohno N.
Osteoprotegerin and bone mineral density in hemodialysis patients.
Osteoporos Int. 2006;17(6):841-6.

Hruska KA, Seifert M. Pathophysiology of chronic kidney disease mineral
bone disorder. In: Rosen C, editor. Primer on the metabolic bone
diseases and disorders of mineral metabolism. Eight. Wiley-Blackwell;
2013. p. 632-639.

Moe SM, Chen NX, Seifert MF, et al. A rat model of chronic kidney disease-
mineral bone disorder. Kidney Int. 2009;75(2):176-84.

Malluche HH, Porter DS, Monier-Faugere M-C, Mawad H, Pienkowski D.
Differences in bone quality in low- and high-turnover renal osteodystrophy.
J Am Soc Nephrol. 2012;23(3):525-32.

Boling EP, Primavera C, Friedman G, et al. Non-invasive measurements of
bone mass in adult renal osteodystrophy. Bone. 1993;14(3):409-13.

Gerakis A, Hadjidakis D, Kokkinakis E, Apostolou T, Raptis S, Billis A.
Correlation of bone mineral density with the histological findings of renal
osteodystrophy in patients on hemodialysis. J Nephrol. 2000;13(6):437-43.
Fletcher S, Jones RG, Rayner HC, et al. Assessment of renal osteodystrophy
in dialysis patients: use of bone alkaline phosphatase, bone mineral density
and parathyroid ultrasound in comparison with bone histology. Nephron.
1997,75(4):412-9.

Seibel MJ. Biochemical markers of bone turnover: part I: biochemistry and
variability. Clin Biochem Rev. 2005;26(4):97-122.



Jorgensen et al. BMC Nephrology (2017) 18:284 Page 10 of 10

43, Olgaard K, Salusky IBSJ. The spectrum of mineral and bone disease in
chronic kidney disease. 2nd ed. Oxford: Oxford University Press; 2010.

44.  Vestergaard P. Discrepancies in bone mineral density and fracture risk in
patients with type 1 and type 2 diabetes—a meta-analysis. Osteoporos Int.
2007;18(4):427-44.

45. Reid IR. Fat and bone. Arch Biochem Biophys. 2010;503(1):20-7.
doi:10.1016/j.abb.2010.06.027.

46.  Toussaint ND, Lau KK, Strauss BJ, Polkinghorne KR, Kerr PG. Associations
between vascular calcification, arterial stiffness and bone mineral density
in chronic kidney disease. Nephrol Dial Transplant. 2008;23(2):586-93.

47. Mann ML, Thornley-Brown D, Campbell R, et al. The effect of peritoneal
dialysate on DXA bone densitometry results in patients with end-stage
renal disease. J Clin Densitom. 2008;11(4):532-6.

48.  Furstenberg A, Buscombe J, Davenport A. Overestimation of lumbar spine
calcium with dual energy X-ray absorptiometry scanning due to the
prescription of lanthanum carbonate in patients with chronic kidney disease.
Am J Nephrol. 2010;32(5):425-31.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study participants
	Bone density measurements
	Fracture status
	Biochemical measurements
	Statistical analyses

	Results
	Characteristics of study participants
	Fracture
	Bone turnover markers
	Bone density
	Bone density and fracture

	Discussion
	Determinants of fracture
	Determinants of BMD
	Stage of CKD and bone disease
	Diabetes
	Strengths and limitations

	Conclusions
	Additional file
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

