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The frequency of bone fractures among patients with chronic kidney disease
not on dialysis: two-year follow-up
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Introduction. Renal osteodystrophy is a severe complication of chronic kidney disease (CKD)
that increases morbidity and mortality in these patients. Mineral and bone disorder starts early in
CKD and affects the incidence of bone fractures. The aim of this study was to observe the frequency
of diverse bone fractures in patients with CKD not on dialysis.

Methods. This cohort study included 68 patients that were followed during the two-year
period. The patients were divided into two cohorts: one that developed bone fractures and the other
that did not. There were 35 (51.5%) men and 33 (48.5%) women. The mean age of patients ranged
62.88+11.60 years. During follow-up serum values of chronic kidney disease — mineral and bone
indicators were measured. The methods of descriptive and analytical statistics were used in order to
analyze obtained data.

Results. During this two-year follow-up seven patients developed bone fractures. Among
them, females dominated (6 patients) compared to males (only 1 patient). The most common were
fractures of forearm. The mean level of parathyroid hormone (PTH) at the beginning of the
monitoring was higher in the group of patients with bone fractures (165.25 + 47.69 pg/mL) in regard
to another group (103.96 + 81.55 pg/mL). After two-year follow-up, this difference became statistically
significant at the level p < 0.05. Patients that developed bone fractures had higher FRAX (Fracture
Risk Assessment) score compared to another group.

Conclusion. In our study, about 10% of patients had bone fractures in the two-year follow-up
period. Patients who developed fractures had a higher PTH level and FRAX score.
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INTRODUCTION

It is known that 5-10% of the world population
has chronic kidney disease (CKD) [1], which is
associated with many complications including bone
disorders and fractures [2]. Renal osteodystrophy is
a severe complication of chronic kidney disease
that increases morbidity and mortality in these
patients. Renal osteodystrophy (ROD) consists of
the following group of disorders: a high bone
turnover disease (usually associated with secondary
hyperparathyroidism), a low bone turnover disease
(includes adynamic bone disease, osteomalacia, and
aluminum bone disease) and mixed uraemic osteo-
dystrophy [3]. Mineral and bone disorder (CKD-
MBD), that includes ROD, vascular calcifications
and mineral disturbances, starts early in CKD and
affects the incidence of bone fractures. In a study
performed by Hamdy et al., 75% of pre-dialysis
CKD patients had abnormal bone histology (74%
osteitis fibrosa, 19% mixed bone disease, 1% osteo-
malacia, 1% aluminium bone disease, 5% a dynamic
bone disease), without clinical, biochemical or
radiographic evidence of bone disease [4]. Factors
that predispose to low bone mineral density (BMD)
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in patients with CKD are age, gender, the onset of
menopause, sedentary life style, low calcium intake,
vitamin-D deficiency and hyperparathyroidism [5].

Bearing in mind the early beginning of CKD-
MBD, as well as the possible bone fractures that
aggravate life in these patients, the aim of this
study was to observe the frequency of diverse bone
fractures in patients with chronic kidney disease
not on dialysis.

MATERIAL AND METHODS

The total of 68 patients was followed at
regular controls at outpatient nephrology clinic
during the two-year period. There were 35 (51.5%)
men and 33 (48.5%) women. The mean age of
patients ranged 62.88 + 11.60 years. The methods
of descriptive and analytical statistics were used in
order to evaluate the obtained results. For statistical
analysis and graphical data presentation we used
IBM SPSS Statistics 22.0 program for Windows.
The study protocol was approved by the Ethical
Committee of the University Clinical Centre of the
Republic of Srpska under number 01-9-153.2/14.
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Most patients belong to early CKD stage (1-3),
and minority have advanced CKD (stage 4 and 5).
This distribution of patients is the effect of out-
patient clinic population.

RESULTS

During this two-year follow-up seven patients
developed bone fractures, which is 10% of the
observed population. Among them, females dominated
(6 patients) compared to males (only 1 patient).
Table 1 shows mean values of CKD-MBD parameters
and kidney function in both patients groups. The
mean level of parathyroid hormone (PTH) at the
beginning of the monitoring was higher in the
group of patients with bone fractures (165.25 =+
47.69 pg/mL) in regard to the patients that did not
had fractures (103.96 + 81.55 pg/mL). PTH serum
levels raised during two years in patients that
developed bone fractures, despite the use of
vitamin D therapy (Fig. 1). Although there was no
significant difference between PTH levels at the
beginning between the two groups, T-test analysis
revealed a statistically significant difference between
PTH values after two-year follow-up (p < 0.05).

The average values of total alkaline phos-
phatase (ALP) serum levels at the beginning of the
monitoring was higher in patients that developed
bone fractures than in the other group, but without
statistically significant difference. Both groups
were uniform regarding kidney function, acid-base
status and mineral level (Table 1).

When it is about the relationship between the
frequency of bone fractures and CKD stage, we
have seen that bone fractures were most frequently
presented in CKD stage 1, 3 and 4 (Fig. 2).

The most common were fractures of forearm
that appeared in 4 patients. Other fractures were:
hip-fracture (one patient), upper arm fracture (one
patient), lower leg fracture (one patient). We have
compared CKD-MBD indicators in each group of
patients.

Risk factors for bone fractures were also
evaluated (Table 2). In the group of patients with
bone fractures, 28% had diabetes mellitus, whereas
35% of patients had DM in the other group. Neither
patient used corticosteroid therapy in the group
with bone fractures. On the other hand, 15% of
patients that have not developed bone fractures still
have used corticosteriod therapy. Vitamin D sup-
plementation had 43% in the first and 20% in the
second group. Bearing in mind a relatively small
sample and a quite short follow-up period for a
course of CKD, these results must be taken with a
grain of salt.

No patient had non-calcium based phosphate
binder in each group. When it is about the use of
bisphosphonate, only one patient in the group
without bone fractures had this therapy.

In order to compare the risk of bone fractures
among the patients groups, we have calculated
FRAX (Fracture Risk Assessment) for ten-year
probability of bone fractures, expressed as major
osteoporotic fracture risk percentage and hip fracture
risk percentage [6] and compared it to the actual
bone fracture development. As depicted in Table 3,
both the percentage of major osteoporotic fracture
risk and the hip fracture risk were higher in the
group of patients that developed bone fractures
(9.24% and 1.99%, respectively) compared to the
group without bone fractures (7% and 1.49%,
respectively). However, there was no statistically
significant difference between the patients groups.
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Figure 1. Analysis of parathyroid hormone (PTH) levels according to bone fractures development. x-axis:
the groups of chronic kidney disease patients with or without bone fractures.la- pre-PTH (y-axis):
PTH levels at the beginning of the study. 1b- post-PTH (y-axis): PTH levels after two-year follow-up.
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Table 1
CKD-MBD parameters in both groups of patients
Patients with Patients without
Average values f p-value

ractures fractures
PTH at start (pg/mL) 165.25+47,69 103.96+81,55 0.07
PTH after follow-up 265.75+149.56 116.51+87.37 0.01
ALP at start (U/L) 113.00+54.40 90.40+46.30 0.33
Calcium (mmol/L) 2.49+0.25 2.36+0.18 0.58
Phosphate (mmol/L) 1.31+0.27 1.184+0.29 0.51
Sodium (mmol/L) 144.56+6.70 144.17+5.57 0.46
Serum Cr (umol/L) 159.57+£75.91 154.6+97.17 0.88
eGFR (mL/min/1.73m?) 38.57+£25.26 47.184£21.50 0.41
ABE -3.17+£3.49 -1.41+2.67 0.52

Abbreviations: PTH — parathyroid hormone, ALP — alkaline phosphatase, Cr — creatinine,
eGFR - estimated glomerular filtration rate, ABE — acid-base excess, CKD-MBD — chronic
kidney disease mineral and bone disorder. Data are presented as meantstandard deviation.
p-value statistically significant at the level < 0.05.
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Figure 2. Frequency of bone fractures according to the stage of chronic kidney disease (CKD).

Patients in CKD stage 1, 3 and 4 developed bone fractures in two-year follow-up.
x-axis — number of patients, y-axis — stage of CKD.

Table 2

Evaluation of risk factors for bone fractures

Risk factors Patients with fractures Patients without fractures
Diabetes 2 of 7 (28%) 21 of 61 (35%)
Corticosteroids none 9 of 61 (15%)
Vitamin D therapy 3 of 7 (43%) 12 of 61 (20%)
Therapy Patients with fractures Patients without fractures
Sevelamer none none
Bisphosphonates none 1 of 61
Table 3
Fracture risk assessment (FRAX) in patients with chronic kidney disease
ten-year er(‘)ll}zﬁ))i(li ty of bone Patients with Patients without p-value
bone fractures bone fracture
fractures
Major osteoporotic fracture (%) 9.24 7.00 0.24
Hip fracture (%) 1.99 1.49 0.47
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DISCUSSION

World Health Organization (WHO) defined
six risk factors for bone fractures that are inde-
pendent of bone mineral density (BMD): age, female
gender, weight, Caucasian race, prior fracture and
glucocorticoid use [7]. Patients on dialysis have
about four times higher risk of hip fractures than
individuals in the general population [8]. Analyzing
the hip fracture in patients on hemodialysis, Coco
et al. found that albumin, PTH, ALP and age were
independent predictors [9]. In our study, among
patients that developed bone fracture females
dominated and all patients were Caucasians. The
use of glucocorticoid therapy was not present in
patients that developed bone fractures, unlike the
other group that, however, took small doses of
corticosteroid therapy.

Patients with CKD who do not have end-
stage renal disease have an increased risk of bone
fracture [10]. Our study confirms this fact showing
that during two-year follow-up the frequency of
bone fractures was high (10%).

Although it has been reported that diabetes
presents a risk factor for hip fracture [11], we have
not seen that patients with diabetes have higher risk
of bone fracture. Study performed by Deyl et al.
showed that in patients with primary glomerular
disease, taking alfacalcidiol or lanthanum were
associated with decreased risk of bone fractures
[12]. However, the group of our patients that
developed bone fractures had higher percentage
than those taking vitamin D therapy.

Ayus et al. reported that mild prolonged
chronic hyponatremia is independently associated
with hip fracture risk in the elderly population with
the low absolute risk [13]. There was no difference
in sodium levels between the two groups of our
study population.

In CKD patients not on dialysis, the pre-
valence of low BMD is much higher at the one-
third radius site (33%) than at either the lumbar
spine (19%) or the femoral neck (26%) [14]. Russo
et al. showed selective loss of cortical bone in
patients on hemodialysis using peripheral quantitative
computed tomography (QCT) (radius and tibia)
[15]. Jamal et al. reported that peripheral QCT of
the distal radial cortical compartment was superior
to Dual-energy X-ray absorptiometry (DEXA)
measurements of hip BMD to predict prevalent
fracture [16]. Indeed, our study showed that in
patients not on dialysis, the most common were
fractures of the forearm.

BMD by dual-energy X-ray absorptiometry
(DEXA) is unlikely to be sensitive or specific to
either diagnose or differentiate osteoporosis from
other disorders of ROD [3]. In patients with CKD
stages 1-3, WHO DEXA criteria can be used for
diagnosing osteoporosis if there is normal serum
bone biochemistry [1]. But in patients with CKD
stages 4 and 5, it is the best to exclude ROD with
quantitative bone histomorphometry [3]. Therefore,
KDIGO recommended that BMD testing should
not be performed routinely in patients with CKD
stages 3-5, because BMD does not predict fracture
risk in CKD patients as well as in the general
population, and, also, BMD does not predict the
type of renal osteodystrophy [1]. Hence, we did not
consider to perform DEXA scan in our patients.
However, we have calculated FRAX score without
BMD, which was higher in the group of patients
with bone fractures. The possible explanation of
the absence of statistical significance could be the
two-year follow-up period of our patients compared
to ten-year risk period that is predicted by FRAX
score.

The relationship between higher ALP and
fracture could be explained due to high bone
turnover [17] and it is recommended to routine
measure serum ALP in the treatment of chronic
kidney disease-mineral and bone disorder (CKD-
MBD) [1]. ALP is primary secreted by the liver and
bone, and small amounts are secreted by kidneys,
intestine and leukocytes [18]. Therefore, it is better
to monitor bone-specific ALP (BALP) in the
monitoring of bone mineral metabolism [19].
Maruyama et al. found that higher serum alkaline
phosphatase (ALP) levels were independently
associated with mortality as well as with the
incidence of hip fracture in Japanese hemodialysis
patients [18]. In a study performed by Park and
colleagues serum ALP negatively correlated with
bone mineral density assessed by dual-energy
X-ray absorptiometry in hemodialysis patients [20].
Higher serum ALP levels are associated with
increased risk of mortality in hemodialysis patients
[21], and also in patients not on dialysis [22]. In
our patients, the average value of ALP at the
beginning of the monitoring was slightly higher in
the group of patients that developed bone fractures,
but remained in reference range.

Compared to serum PTH, which has a
U-shaped or J-shaped association with mortality,
serum ALP seems to have a linear and incremental
association [18]. Coco et al. found a higher risk of
hip fractures in patients with lower PTH levels
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(< 195) [9]. Jadoul et al. highlighted that patients
with PTH levels > 900 had elevated risk of any
new fracture versus patients with PTH 150-300
(DOPPS study) [23]. However, maintaining the
normal serum PTH level in CKD stages 4 and 5
may predispose to low bone turnover disease [24].
Extreme serum values of parathyroid hormone
(PTH) and bone specific alkaline phosphatase
(BALP) are helpful to distinguish between low and
high turnover disease [25]. limori et al. found
association between serum BALP and any type of
incident fracture and that a significant greater risk
of any type of incident fracture was associated with
PTH levels < 150 or > 300 pg/mL [26]. Our study
showed that patients with bone fractures had higher
PTH level with the trend of increasing during two-
year follow-up and with a statistically significant
difference between groups after the follow-up period.

When it is about osteoporosis treatment, it
should be noted that bisphosphonates are pre-
dominantly dependent on renal clearance [27]. Their
intravenous application can be nephrotoxic [28].
Also, antiresorptives can cause a risk for low
turnover bone disease [29]. Even though there are
not enough data about safety of the use of anti-
resorptives in patients with CKD stage 5, bisphos-
phonates may be considered in those patients with
fractures after exclusion of adynamic bone disease
and osteomalacia by undertaking a bone biopsy [3].
In the group of patients that did not develop
fractures, one patient had bisphosphonate therapy,
but due to this small number, the correlation could
not be performed.

Also, supplementation vitamin D therapy
must not be forgotten. Levin et al. performed a
study in which 13% of patients with eGFR > 80
already had low serum concentrations of 1,25(OH),D

and 12% patients had high serum concentrations of
PTH [30]. In our patients, we did not monitor
serum level of vitamin D, but in both groups
patients had vitamin D therapy in high percentage.

CONCLUSION

In our study, that included patients with
chronic kidney disease not on dialysis, about 10%
had bone fractures in a two-year follow-up period,
which is high percentage in a quite short follow-up
period. Patients who developed bone fractures also
had higher PTH serum level at the beginning of the
monitoring, as well as after two-year follow-up
(which was statistically significant), despite vitamin D
supplementation therapy, so we can assume that
they had a high-bone turnover disease.

The limitation of this study was that we have
not determined bone specific alkaline phosphatase
and DEXA, but on the other hand, it would not
help in distinction of bone disease type. In that
sense, bone biopsy remains a gold standard, although
being an invasive method. On the other hand,
FRAX score assessment could be a good tool in the
estimation of bone fracture risk in patients with
CKD in a long-term follow-up period.

Also, we want to underline that patients with
CKD should be evaluated in terms of early detection
of mineral and bone disorder, in order to prevent
bone fractures.

Conflict of interest: The authors declare that there are not
conflicts of interest. The results of this manuscript have been
presented as oral presentation by Dr. Andreja Figurek at the
Symposium “Bone in CKD”, that was held in Amsterdam,
23 Sept 2016 (endorsed by ERA EDTA, CKD-MBD working
group). Dr. Figurek won travel grant to the Symposium from
ERA-EDTA.

Introducere. Osteodistrofia renald este o complicatie severa a bolii cronice

de rinichi (CKD) care creste morbiditatea si mortalitatea la acesti pacienti.
Tulburarile mintale §i osoase incep de la debutul CKD si afecteaza incidenta
fracturilor osoase. Scopul acestui studiu a fost de a observa frecventa diferitelor
fracturi osoase la pacientii cu CKD care nu sunt dializati.

Metode. Acest studiu de grup a inclus 68 de pacienti, care au fost urmariti pe
o perioada de doi ani. Pacientii au fost impartiti in doua grupe: una care a
dezvoltat fracturi osoase, iar cealaltd nu a facut-o. Au fost 35 (51,5%) barbati si
33 (48,5%) femei. Virsta medie a pacientilor a fost de 62,88 £ 11,60 ani. In timpul
monitorizarii, s-au masurat indicatori minerali §i ososi. Au fost utilizate metode
statisticie descriptive si analitice pentru a analiza datele obtinute.

Rezultate. In timpul acestui studiu de doi ani, sapte pacienti au prezentat
fracturi osoase. Dintre acestea, au fost mai multe femei (6 pacienti) comparativ cu
barbati (doar 1 pacient). Cele mai frecvente au fost fracturile antebratului. Nivelul
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mediu al hormonului paratiroidian (PTH) la inceputul monitorizarii a fost mai
mare in grupul de pacienti cu fracturi osoase (165,25 £ 47,69 pg/mL) fata de
celalalt grup (103,96 = 81,55 pg/ml). Dupa o perioada de urmarire de doi ani
aceastd diferentd a devenit statistic semnificativa (p <0,05). Pacientii care au
dezvoltat fracturi osoase au avut un scor FRAX mai mare (folosit pentru evaluarea
riscului de fractura).

Concluzie. In studiul nostru, aproximativ 10% dintre pacienti au prezentat
fracturi osoase in perioada de urmarire de doi ani. Pacientii care au dezvoltat
fracturi au avut un nivel mai ridicat al PTH §i un scor FRAX mai mare.
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