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Abstract Chronic kidney disease (CKD) is associated
with mineral and bone disorders (MBD) that are now con-
sidered as a syndrome. Bone fragility and a four to ten-
fold increased rate of skeletal fractures are often reported
in CKD patients. The evaluation of the risk of these frac-
tures in CKD patients should explore the same risk fac-
tors identified for the general population including low
body weight, menopause, personal and familial history of
osteoporosis, chronic inflammatory diseases, and corticos-
teroid therapy. The aim of this article is to provide a criti-
cal review of the tools used for the evaluation of bone loss
and the risk of fracture in CKD patients, ranging from the
measurement of bone mineral density (BMD), fracture risk
assessment (Frax™), quantitative computed tomography
(QCT), high-resolution peripheral quantitative computed
tomography (HRpQTC), to circulating biomarkers of bone
metabolism including vitamin D, parathyroid hormone
(PTH), bone-specific alkaline phosphatase, osteocalcin,
and some collagen type 1-related molecules indicators of
bone remodeling.
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Introduction

Chronic kidney disease (CKD) leads to mineral and
bone disorders (MBD) that are now considered as a syn-
drome. This CKD-MBD syndrome associates three major
domains: biochemical abnormalities (calcium, phosphate,
parathyroid hormone (PTH), vitamin D, klotho, fibroblast
growth factor 23 (FGF23) and sclerostin); cardiovascular
calcifications; and bone abnormalities. The ancient histo-
morphometric concept of renal osteodystrophy (ROD) has
been redefined and includes now skeletal fragility param-
eters such as bone volume and mineralization (KDIGO).
The abnormalities of bone and mineral biomarkers as
well as of calciotropic hormones begin very early stages of
CKD progression. For instance, an increased urinary frac-
tional excretion of phosphate, subsequently to the decreased
tubular phosphate reabsorption, is observed in CKD indi-
viduals with an estimated glomerular filtration rate (¢eGFR)
as high as 110-119 ml/min/1.73 m2 and normal phos-
phatemia [1]. Simultaneously, alterations in circulating
PTH, FGF23, sclerostin, klotho, 250HD2, and 1,250H2D3
are also evident at this normal range of eGFR [1, 2]. How-
ever, the skeletal impact of these alterations and the risk of
bone demineralization and fractures appears only when the
eGFR falls below 45 ml/min/1.73, at CKD stages 3b and
lower. Compared with subjects with normal renal function
in the general population, CKD stage 3b show 1.5 to three-
fold higher risk of fracture. Their 3-year cumulative inci-
dence of peripheral fractures (humerus, forearm and hip) as
well as axial fractures (pelvis) increased progressively with
the decline in eGFR [3]. Strikingly, both genders, women
and men with CKD stage 5 show an extremely high rate of
fractures with 10% of women and 5% of men experienc-
ing at least one fracture within 3-year period [3]. These
findings are probably underestimated and the risk of hip
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fractures increases even in women with relatively preserved
renal function if cystatin C is used as a surrogate marker for
the renal function [4, 5]. Indeed, cystatin C, in the presence
of normal creatinine-based eGFR, may identify preclinical
states of renal dysfunction in older adults [4, 5].

In CKD-5D patients, several studies have reported an
increased incidence of skeletal fractures. The second wave
of DOPPS (Dialysis Outcomes and Practice Patterns),
from 2002 to 2004, found that among the 12,782 preva-
lent dialysis patients, 2.6% had a history of having expe-
rienced a hip fracture before entering in the study, and an
annual incidence of hip fracture of 0.89% and of 2.56% for
any other new fractures [6]. Older age, female, hypoalbu-
minemia, history of kidney transplantation and cardiovas-
cular diseases, and the prescription of psychotropic and/or
anti-depressive medications such as inhibitors of serotonin
reuptake, were all associated with the risk of new fractures
[6]. Another analysis, now including the whole DOPPS
cohort, 34,579 dialysis patients from 12 countries, and
comprising four waves from 2002 to 2011 or 10 years of
follow-up, showed that overall 3% of these patients have
had a fracture. The annual incidence of fracture was vari-
able from one country to another, being the lowest in Japan
(1.2%) and the highest in Belgium (4.5%). The incidence of
fracture did not vary over time with approximately 2-2.5%
per year, but the fracture rate remained significantly higher
than that reported for the general population [7]. The
occurrence of fracture in this cohort revealed that CKD-
5D patients had a 2-3 longer hospitalization stay and a 3—4
higher mortality rate compared to the overall DOPPS popu-
lation [7].

In data extracted from the 2010 French National Hos-
pital Database, including the 88,962 hospitalizations for
hip fractures as a primary diagnosis per the ICD-10 codes,
among these patients who suffered from hip fractures, 362
were CKD-5D. The incidence of hip fracture was four-
fold higher in dialysis patients compared to non-dialysis
patients. Women on dialysis experienced hip fractures at
an earlier age than non-dialysis women. As observed in
the DOPPS cohort, this study confirmed that older age,
diabetes, cardiovascular disease and dementia were factors
associated with increased risk of hip fractures [8]. Simi-
larly, the length of hospitalization stay for hip fracture was
5 days longer, enhancing the financial burden of CKD and
was also associated with an increased mortality rate in both
genders in dialysis patients.

Evaluation of bone fragility in CKD
The assessment of bone fragility and the risk of fracture in

CKD subjects should respect the same rules as for the peo-
ple in the general population older than 50 years, including
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the identification of risk factors such as malnutrition or low
body weight, menopause, familial history of osteoporosis,
inflammation-related diseases (rheumatoid arthritis, inflam-
matory bowel disease, chronic obstructive pulmonary dis-
ease) and medications known to increase the fracture risk
(glucocorticoids, selective serotonin reuptake inhibitors);
identification of patients with low-kinetics fractures or after
minimal trauma; bone mineral density (BMD) measure-
ment is recommended in women from the age of 65 years
and men of 70 years in the absence of known risk factors
or earlier in case of significant fractures or additional risk
factors; laboratory assessment is recommended essentially
biochemical markers of mineral and bone metabolism, in
particular if any medication to reduce the fracture risk is
being considered. Finally, the assessment of the type of his-
tological ROD should also be considered if the results will
impact therapeutic decision Table 1. Three of these five
topics will briefly be detailed in the following paragraphs,
the use of BMD, high-resolution peripheral quantitative
computed tomography (HRpQTC), and mineral and bone
circulating biomarkers.

Bone mineral density

Bone mineral density (BMD) measurement using dual-
energy X-ray absorptiometry (DEXA) as well as computer-
ized tomography (CT) are useful tools for the assessment of
bone fragility. However, several anatomical and histologi-
cal particularities of the skeleton must be taken into consid-
eration when interpreting the results, including that approx-
imately 80% of the total skeleton is composed by cortical
bone and the other 20% by trabecular bone; that bone alter-
ations in CKD mainly affect cortical bones, which are often
characterized by increased porosity and reduced cortical
thickness, whereas trabecular bones appear to be spared;
that DEXA cannot make the difference between cortical
and trabecular bones; that DEXA cannot distinguish nei-
ther between high and low bone turnover; and finally that
DEXA may overestimated BMD at the lumbar spine in

Table 1 Factors increasing the risk of skeletal fracture in patients
with chronic kidney disease

Low body weight
Menopausal women
Familial history of osteoporotic fractures

Inflammation-related diseases (theumatoid arthritis, inflammatory
bowel disease, chronic obstructive pulmonary disease)

Medications (glucocorticosteroids, selective serotonin reuptake
inhibitors)

Low bone mineral disease
Low and increased serum parathyroid hormone levels
Low circulating 250HD
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CKD because of the high prevalence in these patients of
arthritis, scoliosis, and abdominal aorta calcifications, as
well as because the results reported from 13 cross-sectional
studies are not homogenous and could be influenced by dif-
ference in age, gender, ethnicity, and dialysis vintage. For
these reasons, the systematic use of BMD in the evalua-
tion of fracture risk in CKD, especially in dialysis patients
is still controversial, although recommended by the recent
revised KDIGO.

Compared with the general population, low femoral
BMD (total hip T-Score <2.5 standard deviation), is greater
in patients with CKD stages 3—4 than in subjects with nor-
mal renal function [data from the third NHANES (National
Health and Nutrition Examination Survey)]. Overall, 24%
of women and 11% of men in this cohort had osteoporo-
sis. Unsurprisingly, a significant number of the elderly sub-
jects with osteoporosis also had a reduced eGFR or a CKD
within stages 3—4 [9, 10]. The Rancho Bernardo study cor-
roborated and extended these findings in the sense that they
prospectively demonstrated a direct correlation between the
decline in the renal function and the 4-year loss of BMD
at the hip [11]. Among the 1713 subjects included in this
study, 8% experienced new clinical fractures during the
follow-up period [11]. Similarly, reduced renal function
was associated with a higher rate of bone loss with aging in
elderly Afro-Caribbean men [12].

In dialysis patients, the relation between BMD and the
risk of fracture is not as strong as in the general popu-
lation often leading to contradictory results. Indeed,
five cross-sectional studies did not find any association
between low BMD and the incidence of skeletal frac-
tures [13—17], whereas eight other studies reported posi-
tive results [18—24]. Nevertheless, when collectively
analyzed in a meta-analysis, a low BMD in pre-dialysis
as well as in dialysis patients was associated with a high
risk of fractures [25]. Despite these latest findings, the
use of BMD measurement was not recommended in 2009
KDIGO, because of inconsistency in the results obtained
from mostly cross-sectional designed studies as above
described. Presently, the results of 4 prospective cohorts
show a good predictive value of BMD for the risk of
fracture in CKD stages 3 to 5D [26-29]. The first study
carried out in 485 adult CKD-5D patients, lower femo-
ral neck and total hip BMD was independently associ-
ated with increased risk of any type of incident fractures
[26]. The second study was performed on 2754 older
participants in the Health, Aging, and Body Composi-
tion (Health ABC) cohort and found that a low femo-
ral neck BMD doubled the risk of any fracture in CKD
patients as well as in participants without CKD [29].
The third study explored the community-based Canadian
Multicentre Osteoporosis Study (CaMos) cohort, which
included 1426 subjects and assessed bone fragility by

DEXA and the evaluation of trabecular bone score (TBS)
at L1-L4. Subjects with CKD, defined as eGFR < 60 ml/
min/1.73 m2, and a TBS value below the median value
had a significantly threefold higher 5-year fracture prob-
ability than those with a TBS above the median values
[27]. Finally, the fourth study included 131 CKD patients
(eGFR <60 ml/min/1.73 m2) from three hospitals in
Toronto, Canada, who were followed for 2 years [28]. At
the baseline, mean BMD at the total hip, lumbar spine,
and radius was significantly lower in patients with inci-
dent fracture compared with those without. They also
found that for every 1 SD decrease in BMD at the total
hip, there was a twofold increase in the risk of hip frac-
ture. Likewise, for every 1 SD decrease of BMD at the
lumbar spine, there was a 1.5-fold increase in the risk of
incident fractures [28]. It should be emphasized that the
prediction values of lumbar BMD in CKD patients are
slightly lower than that observed in non-CKD subjects,
in whom each reduction of 1 SD in the BMD at the lum-
bar spine doubles the fracture risk. This difference may
be partially explained by the underdiagnosed of reduced
lumbar BMD in these patients because of the presence of
vascular calcifications and osteoarthritis.

Altogether, the results of these four studies were suf-
ficient to convince the KDIGO experts to revise the 2009
3.2.1 guideline and to potentially recommend, in a future
publication (KDIGO 2017, in press), the use of BMD
measurement for the prediction of peripheral fractures in
CKD stage 3a-5D, whereas there is no evidence that BMD
could be predictive of vertebral fractures.

FRAX™ is a web-based fracture risk assessment
(FRAX) tool developed by researchers at the Sheffield Uni-
versity, UK, to provide a way to calculate an individual’s
risk of having an osteoporotic fracture within the next 10
years, based on specific risk factor, with and/or without
having BMD results. The utility of the use of FRAX™
in CKD patients was for the first time verified in a cross-
sectional Canadian study including 353 patients with CKD
stage 4, with prevalent skeletal fractures in one-third of
them [30]. In this group of patients, FRAX™ score signifi-
cantly discriminated between those with clinical peripheral,
vertebral and any fractures and those without. FRAX™
was even better than BMD for the prediction of the risk of
non-spine fractures, however, the best performances were
observed when considering together FRAX™ and BMD
[30]. The results of the CaMos study (Canadian Multi-
centre Osteoporosis Study) also illustrated the ability of
FRAX™ to predict osteoporotic fracture in 320 subjects
with eGFR <60, which was like that of 1787 subjects with
normal renal function [27]. To the best of our knowledge,
there is no study examining the use of FRAX™ in CKD-5
and dialysis patients, and this absence of study might be
explained because at stages 4-5D of CKD, the disorders
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in bone metabolism are so dominant that WHO criteria for
the diagnosis of osteoporosis and the use of FRAX™ may
become invalid.

QCT and HR-pQCT measurement

Bone strength greatly depends on the quantity and qual-
ity of cortical bone, parameters which are highly altered
in CKD. Data from bone biopsy studies in CKD revealed
that most of these patients exhibit thin cortices with nor-
mal cortical porosity in case of low bone turnover, whereas
they have high cancellous bone volume and normal corti-
cal thickness in case of high bone turnover bone diseases
[31]. Consequently, assessment of cortical bone is crucial
in CKD as these patients loss principally cortical bone,
mainly due to high cortical porosity or endo-cortical bone
resorption, and because cortical bone loss is highly associ-
ated to peripheral fractures at both weight-bearing and non-
weight-bearing sites [32].

As mentioned earlier, BMD as assessed by DEXA is not
sufficient to assess the fracture risk because DEXA cannot
discriminate between cortical and trabecular bone nor the
type of ROD. Conventional quantitative computed tomog-
raphy (QCT) can distinguish between both cortical and
trabecular bone compartments, and has been used in sev-
eral studies including CDK-5D to predict the risk of frac-
tures. In one of the first studies, 21% of dialysis patients
had tomographic signs of vertebral fractures. Lumbar QCT,
quantifying separately BMD at cortical and trabecular,
showed that cortical lumbar BMD was the best predictor of
vertebral fractures [33]. In another study, peripheral (radial)
QCT was used to assess the predictive value of cortical and
trabecular BMD in a group of 52 CKD-5D patients. It was
found that a decrease in cortical BMD increased by 16 folds
the risk of fractures, decreased cortical area and thickness
were also associated with increased risk of fractures [34].
Conventional QCT has also been shown to identify a higher
number of patients experiencing bone loss at the hip when
compared to DEXA (51.3 vs 38.5%) [35].

More recently, the measurement of BMD and micro-
architecture by high-resolution peripheral quantitative
computed tomography (HRpQTC) has raised some hope
because this tool allows the measurement of cortical and
trabecular bone parameters separately as well as the visu-
alization of fine ultra-structural details, including trabecu-
lar thickness, number and separation [36, 37]. Using the
pQCT device from Stratec, Hasegawa et al. showed that
low cortical BMD, was a good and significant predictor of
skeletal fractures in CKD patients [38]. In CKD stages 24,
using the HRpQCT device from Scanco, it was showed
that early alteration of trabecular bone, before the onset of
severe SHPT, may partially explain the high risk of frac-
tures at those earlier stages of CKD [39], but also across
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CKD evolution [36]. HRpQCT also confirms and extend
the findings that bone loss in CKD stage 5D is mainly due
to a reduction of cortical mineral density and thickness, but
not of trabecular bone [32]. Moreover, these cortical fea-
tures are strongly associated with fractures [36]. Although
useful to predict fracture risk and identify the population
who will benefit the most of therapeutic interventions, this
equipment is not widely available and could not be used for
routine assessment.

Biochemical parameters
PTH

In the absence of bone biopsy, PTH remains the more con-
stant, oldest and best surrogate biomarker for bone histo-
logic pattern in CKD [35]. Supporting this assumption,
most CKD patients with adynamic bone disease show
serum intact PTH levels below 150 pg/mL [40] and those
with histological signs of SHPT a PTH above 600 pg/ml
[41]. It should be emphasized that both high and low circu-
lating PTH levels are associated with increased risk of frac-
tures [6, 42, 43]. In most cross-sectional studies [18, 44]
low values of PTH were associated with low BMD and a
high incidence of fractures. Inversely, in the DOPPS cohort
[45] the highest serum PTH levels (>900 pg/ml) were asso-
ciated with the highest prevalence of fractures and a rela-
tive risk of new fracture increased by 76% [6, 7, 42].

The variation of PTH values over time rather than an
isolate value seems to be much more relevant in the occur-
rence of these fractures. This assumption has been veri-
fied in the largest study examining the risk factors of hip
fractures in CKD-5D, the Fresenius Medical Care North
America cohort, which included 955,341 dialysis patients
from 2000 to 2013. They found that the lowest quartiles of
time-average PTH (181-272 pg/ml) were independently
associated with the highest risk of hip fracture [46]. How-
ever, several studies have showed that serum PTH levels,
just prior to a new fracture, are associated with a signifi-
cantly greater risk of fracture, contrarily to baseline or time
average PTH values. The upper and lower PTH values of
the U shaped PTH curve are associated with a significantly
higher risk of fracture compared with PTH values within
the recommended NKF/K-DOQI target values [26]. It
should be stressed that currently most of the decisions to
treat CKD-MBD are taken with a single or two PTH value,
and that the revised KDIGO have now included the term
‘persistently’ above the upper normal PTH level as well as
‘progressively rising’ PTH levels, rather than ‘above the
upper normal limit.” That is, treatment should not be based
only on a single elevated PTH value (KDIGO 2016).

Various confounding factors may interfere with the
interpretation of PTH values observed at the time when
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a new fracture occurs, such as previous surgical parathy-
roidectomy (PTX) that rapidly lowers serum PTH levels
in most patients; and the use of calcimimetics that also
may reduce serum PTH levels in patients with a long his-
tory of uncontrolled SHPT with high bone remodeling, and
that at the time of the fracture, have normal or low PTH
values. This long-term exposition to high serum PTH con-
centrations may had induced a preferential loss of cortical
bone and the risk of fracture, which could be even more
pronounced in CKD-5D women [47]. PTX reduces bone
turnover, may improve bone mineral density and reduce
long-term risk for fractures as observed in a national
cohort of long-term CKD-5D patients who underwent PTX
[48-50]. In the EVOLVE trial (Evaluation of Cinacalcet
HCI Therapy to Lower Cardiovascular Events) a placebo-
controlled trial that randomized 3883 hemodialysis patients
with SHPT (PTH>300 pg/ml) to receive cinacalcet or
placebo for 5 years, 13.2% of the patients treated by cina-
calcet had clinical fractures (median PTH of 694 pg/ml)
compared with 12.2% in the placebo group. There was no
difference between the two groups in an unadjusted inten-
tion-to-treat analysis. However, when accounting for differ-
ences in baseline characteristics, multiple fractures, and/or
events prompting discontinuation of study drug, cinacalcet
reduced the rate of clinical fracture by 16-29% [51].

Vitamin D

Vitamin D, both 250HD and 1250H2D, plays a crucial
role on bone metabolism, since optimal levels are necessary
to keep normal intestinal and renal absorptions of calcium
and phosphate, serum PTH concentration within normal
ranges, and to maintain an appropriate bone mineralization
and BMD. However, the optimal circulating 250HD con-
centration in CKD that might protect against bone fractures
is unknown and controversial [52]. Regarding 1,250H2D,
there is no evidence about the optimal 1,250HD values in
CKD. Despite of this, KDIGO guidelines recommend to
maintain circulating 250HD levels in CKD subjects above
30 ng/mL as for the general population [10]. In CKD-5D
treated by dialysis and applying the same 30 ng/mL cut-off
leads to an estimated prevalence of vitamin D insufficiency
and/or deficiency that range from 50 to 98% with a com-
bined mean prevalence of 82% on a total sample size of
3722 patients [53].

The unique study looking at the relation between circu-
lating 250HD concentration and bone histology in CKD
was published by Coen et al. [54] In their retrospective
study on CKD-5D patients, they found that serum 250HD
levels was associated with bone metabolism independently
of serum PTH and calcitriol levels. Serum 250HD levels
<20 ng/mL positively correlated with bone formation rate
(BFR), the velocity of osteoid synthesis, mineralization and

all static histomorphometric parameters, inversely, values
>40 ng/ml were associated with a downslope of dynamic
parameters of bone turnover [54]. The authors also reported
a progressive increase in osteoid thickness in patients with
the lowest serum 250HD levels and high PTH. However,
the incidence of bone fracture was not reported in this
study.

Few studies have looked at the correlation between
serum vitamin D levels and BMD in the general as well
as in CKD populations. In a homogeneous population of
southern Europe postmenopausal women, BMD was lower
in vitamin D deficient groups, which also had higher lev-
els of markers of bone resorption and formation [55].
The relation between serum 250HD levels and BMD was
explored in an Indian pre-dialysis population, they found
a stepwise decrease of serum 250HD levels and lumbar
BMD from CKD stage 3-5 as well as a positive correla-
tion between lumbar spine BMD and 250HD values [56].
In another study looking at the determinant factors of BMD
and the risk factors of fractures in 70 CKD-5D patients,
it was showed that BMD was significantly reduced only
at the mid-radius but did not predict the risk of fracture,
moreover, circulating 250HD and 1,250H2D levels did not
correlate to BMD at any site. Nevertheless, bone fractures
were associated with dialysis vintage and with low total
body BMD, and rib fractures were frequent and associated
with a poor nutritional state [23]. A small observational
study in 130 CKD-5D patients [57] found that 16% of those
patients experiencing a low-trauma fracture, and that serum
250HD levels in these patients were twice lower than in
the patients without fractures, 15 versus 30 nmol/L. In
addition, low 250HD, low BMD at the distal radius, low
PTH, and prior bone fracture before starting dialysis were
independent predictors of fractures [57]. Inversely, higher
circulating 250HD levels are associated with a decrease in
trabecular network heterogeneity [32]. Likewise, another
study, in 69 CKD-5D patients with a high prevalence of
vitamin D deficiency (59%), showed a significant nega-
tive correlation between serum 250HD and PTH levels,
and a positive correlation between 250HD and BMD at the
radius. Low vitamin D was also independently associated
with reduced BMD at the calcaneus as assessed by ultra-
sounds [58].

An Australian study carried out in 242 CKD-5D
patients, who were on the waiting list for either kidney or
kidney plus pancreas transplantation, found a significant
lower serum 250HD levels in patients treated by peritoneal
dialysis (49 nmol/L) compared with patients on hemodialy-
sis (77 nmol/L), as well as a negative correlation between
serum 250H levels and BMD (z score) at lumbar spine and
wrist. Lower femoral neck BMD was also associated with
an increased prevalence of vertebral fracture and fragility
fracture at any site [19]. Another Japanese, cross-sectional
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observational study, enrolling 325 CKD 3-5 adult patients
(210 men and 115 women), found that 80% of these
patients had serum 250HD lower than 30 ng/ml and that
serum 250HD and body mass index were independent pos-
itive determinants of lumbar spine and femoral neck BMD
[59].

Of note, supplementation with calcidiol (250HD) in
CKD-5D patients improves bone mineralization, whereas
has a limited effect on reducing serum PTH levels similarly
to non-CKD patients [60, 61]. Regarding calcitriol, it effi-
ciently lowers serum PTH levels, but seems to have little or
no effect in bone mineralization. A meta-analysis of several
randomized trials that reported skeletal outcomes in CKD
patients pointed out that in terms of patient-level skeletal
outcomes such as fractures, bone pain, requirement of sur-
gical parathyroidectomy, there was no benefit from the
administration of any active vitamin D analogs [62].

Other bone biomarkers in the prediction of low BMD
and fractures

There are scarce studies looking at the use of old and more
recent bone biomarkers for the estimation of BMD and the
risk of fracture. In one of them, 137 CKD-5D patients with
distal radius BMD reduction showed a significantly higher
serum bone-specific alkaline phosphatase (BASP) levels
BAP and a tendency toward higher N-terminal pro-peptide
of type 1 collagen (PINP) and (pyridinoline) PYD than
those without BMD reduction. However, the difference
did not reach statistical significance in serum osteocalcin
(Oc), collagen type 1 beta cross-linked peptide (b-CTX)
and deoxypyridinoline (DPD) [63]. The same authors also
reported in a group of 195 dialysis patients, that PINP neg-
atively and significantly correlated with the annual loss in
BMD at the distal third of the radius Moreover, when these
patients were stratified into tertiles, per degree of bone loss,
those with the greatest bone loss had higher PINP, BSAP,
and OC [64].

In a cross-sectional study including 82 CKD 3-5
patients, showed that the 23 patients having experienced
fractures had low BMD at the femoral neck and higher
values of Oc, PINP, and tartrate-resistant acid phos-
phatase 5b (Trap5b) [65]. Another study looked at the
correlation between Trap5b and NTX (cross-linked N-tel-
opeptide of type I collagen) with BMD at the second met-
acarpal bone in 103 dialysis patients [66]. They showed
that the increase in these two bone resorption biomark-
ers were independently associated with low BMD [66].
Likewise, the highest quartile of serum NTX, b-CTX and
DPD concentrations were associated with the fastest rate
of annual bone loss, at the distal third of the radius, in
113 dialysis patients [67]. At the same skeletal site, the
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highest quartiles of serum b-CTX levels, in 160 dialysis
patients, were associates with a rapid reduction of BMD
[68].

Abnormal serum phosphate level is undeniably one
of the most important components of CKD-BMD. Cir-
culating phosphate levels slowly rise as CKD progresses
and directly and indirectly contribute to skeletal fragility
found in CKD-MBD, particularly through the stimulation
of PTH and FGF23 production [69]. FGF23 is mainly
produced by osteocytes and osteoblasts and it exerts its
major physiological actions in the kidney stimulating uri-
nary phosphate excretion and inhibiting calcitriol synthe-
sis after binding a complex formed by alpha-klotho and
one of the four canonical FGF receptors. It has been sug-
gested that FGF23 could also play an important role in
the regulation of bone mineralization. In fact, the absence
of FGF23, as in FGF23 knockout animals, and the excess
of FGF23, as in klotho knockout animals, there is severe
bone demineralization. Unfortunately, in CKD-5D
patients, a study looking at the relation between serum
FGF23 levels and BMD did not find any significant cor-
relation either at the femoral neck or at the lumbar spine
[70]. However, high FGF23 values have been associ-
ated with reduced osteoid thickness and osteoid matura-
tion time, in children with normal renal function and in
CKD dialysis children [71]. This paradox appears to be
deciphered as illustrated by a recent publication where it
has been demonstrated that FGF23 modulates bone min-
eralization by regulating the tissue non-specific alkaline
phosphatase (TNAP) specifically through the FGFR3 and
independently of klotho. FGF23 inhibits TNAP and by
this way increased extracellular concentration of pyroph-
osphate, reduced the amount of inorganic (free) phos-
phate, and indirectly stimulates osteopontin gene expres-
sion, a known mineralization inhibitor [72]. Excessive
FGF23 has also been shown to contribute to bone loss in
CKD through another klotho-dependent mechanism and
the stimulation of the osteoblast Wnt inhibitors Dkk1
[73]. Therefore, the inactivation of the Wnt/b-catenin
signaling pathway by the altered phosphate/FGF23/
Klotho axis may provide another autocrine/paracrine
mechanism favoring bone loss in CKD-MBD.

Bone biopsy

Bone histomorphometry is the gold standard to evaluate
CKD-MBD [74] although not routinely recommended
except if the results will impact therapeutic decisions
(KDIGO 2016). Unfortunately, there is no evidence
showing an association between fractures and the histo-
logical type of ROD.
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Conclusions

The etiology of the increased fracture risk in CKD popula-
tion is multifactorial and involved most of the risk factors
identified in the general population including low BMD,
low body weight, early menopause, maternal history of
osteoporosis and inflammation-related diseases. However,
the distinction between fractures occurring because of
severe osteoporosis or because of ROD related to CKD-
MBD fractures is not clear-cut and does not often offer a
clear view in terms of prognosis. Obviously, the preven-
tion of skeletal fractures is the principal clinical objec-
tive in CKD-MBD subjects and yet is absent in the cur-
rent CKD-MBD guidelines. There is neither established
evidence-based data helpful in clinical practice to support
clinicians ordering imaging tests to identify and manage
CKD patients with skeletal fractures. The revised KDIGO
guidelines will now recommend the use of BMD meas-
urement for the prediction of peripheral fractures in CKD
stage 3a-5D, whereas there is no evidence that BMD could
be predictive of vertebral fractures, nor if MBD should be
performed at any giving interval for the monitoring of bone
loss. The combination of BMD with FRAX improves the
risk prediction of bone fractures. Finally, the usefulness of
circulating biomarkers of bone metabolism in predicting
the risk of skeletal fractures and bone loss in CKD remains
unreliable.
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