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Abstract

Background: Nephropathy associated metabolic disorder induces high incidence of fragility fracture in end-stage
renal disease (ESRD) patients. As the risk factors and prognosis of fragility fracture in ESRD patients are unclear,
more research is needed. This study aimed to evaluate various risk factors for ESRD-related fragility fractures, explore
factors affecting the prognosis of patients with such fractures, and provide information for prevention and
treatment of renal osteopathy to improve the prognosis of patients.

Methods: In this retrospective case-control study, the case notes of 521 ESRD patients who received
maintenance dialysis for at least 3 months were examined. Finally, 44 patients diagnosed with fragility
fractures were assigned to the fragility fracture (FF) group and 192 patients were included in the control
group (CG). Demographic information, underlying diseases, nutritional, bone metabolism, and renal function
parameters, along with the number and causes of any deaths, were recorded for multiple statistical analysis.

Results: The FF group had increased incidences of essential hypertension and diabetes mellitus and higher
serum calcium, corrected calcium, alkaline phosphatase, and hemoglobin levels. Immunoreactive parathyroid
hormone (iPTH), total cholesterol (TC), and low density lipoprotein (LDL) levels were higher in the CG.
Multivariate Cox regression analysis revealed that fragility fracture was an independent risk factor for all-
cause mortality in ESRD patients (P < .001, RR: 4.877, 95% Cl: 2.367-10.013).

Conclusions: Essential hypertension and diabetes, high serum calcium and alkaline phosphatase levels, and
reduced iPTH levels were risk factors for fragility fracture in ESRD patients. Maintaining iPTH and serum TC
levels may protect against fragility fractures in them. Fragility fractures may vyield poor prognosis and
shorter lifespan. The presence of fragility fracture was an independent predictor of all-cause death in ESRD
patients.
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Background

End-stage renal disease (ESRD) is a crucial issue that af-
fects a substantial number of people in developing coun-
tries. As the end-stage of chronic kidney disease (CKD),
the prevalence of ESRD steadily increases along with the
numbers of the elderly in a population and the ubiquity
of some chronic diseases such as diabetes mellitus and
hypertension. In ESRD patients, renal osteodystrophy is
a common complication which can lead to abnormalities
of calcium and phosphorus metabolism, and bone for-
mation and turnover dysregulation [1]. Patients with
ESRD therefore may develop symptoms, including bone
pain, bone deformation, osteoporosis and even spontan-
eous fractures, which affect their physical and mental
health, reduce their quality of life and even affects their
prognosis.

In recent years, the predisposition to fractures in
ESRD patients has not been given the attention it de-
serves and the annual incidence of ESRD-related fragility
fractures becomes a serious problem, especially in devel-
oping countries [2, 3]. Kidney Disease Improving Global
Outcome (KDIGO) has defined Chronic Kidney Disease
and Mineral Bone Disease (CKD-MBD) as a clinical syn-
drome encompassing mineral, bone, and calcific cardio-
vascular abnormalities that develop in patients with
CKD. They have also recommended the desirable serum
content of calcium, phosphorus, and intact iPTH [4].
Despite these measures, there are still many shortcom-
ings to be addressed. One of these is that most of the
data and cases in existing research and treatment guide-
lines focus on western populations. Whether these data
are suitable for specific ethnic and demographic situa-
tions in Asia remains to be seen. Furthermore, there
have been relatively few reports in recent years on the
clinical characteristics and prognosis of fragility fracture
in ESRD patients. Thus, the aim of this retrospective
study was to evaluate the various risk factors of ESRD-
related fragility fractures, explore the factors affecting
the prognosis of these patients, and provide information
for clinical prevention and treatment of renal osteopathy
to improve the prognosis of patients.

Methods

We retrospectively analyzed all patients included in the
clinic data bank in The Second Xiangya Hospital of Cen-
tral South University which launched in 2000 and based
on the medical history, biochemical and imaging results.
The study protocol was approved by the institutional re-
view board of Central South University. All the patients
had accepted maintenance hemodialysis for at least 3
months. We examined the clinical information of all 521
patients from January 1st, 2013 to August 31st, 2019 as
a research group in the data bank. Among these patients,
all 44 cases of diagnosed fragility fracture were included
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in the FF group there were 20 males and 24 females.
The 44 cases were hospitalized for bone pain that oc-
curred spontaneously or sustained from a minor trauma
and confirmed initial fragility fracture according to his-
tory of present illness and X-ray or CT examination. For
patients with any signs (local pain, abnormal motivation,
etc.) of bone fracture, X-ray were performed routinely.
For fractures which remains elusive in local X-ray im-
ages, high-resolution CT and reconstruction were de-
ployed. Radiological findings were analyzed by two
observers blinded to clinical data, with an interobserver
concordance of 95%. A total of 192 hemodialysis pa-
tients without fracture hospitalized in the same period
were selected as CG, in which, 100 of them were male.
The Exclusion criteria included: (1) incomplete clinic in-
formation. (2) long-term or current use of glucocorti-
coids or selective estrogen receptor modulators. (3)
severe infection or surgical trauma within 1 month. (4)
presence of diseases that seriously affect bone metabol-
ism, such as tumors, tuberculosis, Cushing’s syndrome,
etc. (5) fractures caused by an external force, such as a
car accident, etc. The nephropathy of these patients in-
cluded: chronic glomerulonephritis (99 cases), diabetic
nephropathy (31 cases), hypertensive nephropathy (27
cases), diabetes associated with hypertension nephropa-
thy (biopsy proven combined diabetic nephropathy and
hypertensive nephrosclerosis) (14 cases), polycystic kid-
ney (autosomal dominant) (13 cases), chronic interstitial
nephritis (10 cases), gouty nephropathy (10 cases), ische-
mic nephropathy (7 cases), obstructive nephropathy (8
cases), purpuric nephritis (3 cases) and unknown eti-
ology nephropathy (14 cases). All patients were treated
with conventional therapy including (1) phosphate
binder, active vitamin D, and sensitive calcium receptor
agonist (adjusting calcium and phosphorus metabolic
disorders); (2) calcium channel blockers (CCBs), alpha-
receptor blockers, beta receptor blockers, angiotensin-
converting enzyme inhibitors (ACEIs), and angiotensin
receptor blockers (ARB) (adjusting blood pressure); (3)
insulin and oral medications (adjusting blood glucose);
(4) recombinant human erythropoietin (rh EPO), iron
preparations, and folic acid (curing the anemia); and (5)
hemodialysis (2—3 times per week), etc.

Experimental cases and data collection

(1) Baseline demographic data (age, gender) and
clinical data related to chronic nephropathy (the
history of dialysis, adequacy of dialysis(kt/v) and
underlying disease such as hypertension and/or
diabetes) were collected at the time of enrollment.

(2) Both groups of patients had venous blood sample
collection in the early morning before intended
hemodialysis therapy to collect laboratory
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Table 1 Baseline information of both groups
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Fragility group (n=44) Control group (n=192) P
Age (years) 67.2 (57.0,78.0) 65.3 (56.0,79.0) NS
Male/female ratio 20/24 100/92 NS
Primary hypertension (%) 24 (54.5%) 65 (33.9%) 0.022
Diabetes (%) 20 (45.5%) 54 (28.1%) 0.028
Period of dialysis therapy (months) 36.0 (12.0,72.0) 240 (16.0,48.0) NS
Adequacy of dialysis (kt/v) 1.56 (1.37,1.65) 149 (1.32,161) NS

NS None of significance; n Number

biochemical data, such as hemoglobin, albumin,
alkaline phosphatase, serum calcium, serum
phosphorus, serum lipid (TC — total cholesterol,
TG - triglycerides, low-density lipoprotein, high-
density lipoprotein, Lipoprotein a), iPTH. We cal-
culated the calcium-phosphorus product and the
correction for calcium. When serum albumin levels
were lower than 40 g/L, the following formula [5]
can be used: Z=X+ 0.2x[4-Y]. (Z: correction for cal-
cium (mmol/l); X: serum calcium (mmol/l); Y:
serum albumin (g/dl)). The fractures were assessed
by X-ray or CT scan. We defined the fracture as a
break in the bone’s continuity and integrity. Epi-
physeal separation was also included in the
definition.

(3) The mean follow-up time for all patients was 1439.0
(745.0-2513.0) days. During the follow-up period,

survival time, all-cause mortality and cardiovascular
mortality was monitored.

Statistical approach

SPSS 22.0 was used for statistical analysis, and all
data were tested by the Kolmogorov-Smirnoff
method for normal distribution. Mean + standard
deviation was used for recording measurement data
conforming to normal distribution, and quartile was
used for recording measurement data not conform-
ing to normal distribution. The T-test or rank-sum
test was used for analyzing differences between two
groups of continuous variables, and categorical vari-
ables were expressed as percentage and analyzed by
chi-square test. Logistic regression was used for
multivariate analysis and calculating the relative risk
ratio. The Kaplan-Meier survival analysis and the
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Log Rank test were used to estimate survival rate of
all-cause mortality, cardiovascular event mortality
and analyze the statistical significance of the survival
rate differences between two groups. Cox regression
analysis was used to study the effects of multiple
factors on the survival period. P < .05 was consid-
ered statistically significant.

Results

Fracture in patients with ESRD

Our study found that among 521 ESRD patients, 44 suf-
fered fragility fractures during the follow-up period, with
a rate of 8.4% and an annual average incidence of about
2.76%o. The types of fracture included 13 cases of verte-
bral fractures (7 thoracic, 4 lumbar, and 2 thoracolum-
bar), 15 cases of proximal femoral fractures, 4 cases of
radial fracture, 3 cases each of ossa pubis, fibula and
proximal humerus fracture, 2 cases of pelvic fracture,
and 1 case of scapula fracture. The most common frac-
ture sites are the vertebral body and the proximal femur.

Etiology analysis in ESRD patients with fragility fractures
The baseline information of patients in both groups is
shown in Table 1. The average age of the FF group was
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67.2 (range 57.0-78.0), the average age of the CG was
65.3 (range 56.0-79.0) There were no statistical differ-
ences in age, gender, adequacy of dialysis (kt/v), or the
period of dialysis therapy between the fragility group
and CG. The prevalence of hypertension and diabetes in
the FF was, however, significantly higher than in the CG,
(P < .05).

Statistical analysis of the serum nutrition-related
parameters and the mineral-bone metabolism disorder
parameters

In our study, the results showed that the FF patients had
higher levels of hemoglobin than the CG patients (Fig. 1a).
However, there were no statistically significant differences
between the two groups in albumin (Fig. 1a), LP-a (Fig.
1b), TGs and HDL (Fig. 1c). What's more, FF patients had
lower levels of TC and LDL than the CG patients (Fig. 1c).
The level of iPTH was lower in the FF group with statis-
tical significance (Fig. 2a). However, it was also found that
the serum levels of alkaline phosphatase (Fig. 2b), serum
calcium and corrected calcium (Fig. 2d) were higher in the
FF patients. There no significant difference in the
calcium-phosphorus product (Fig. 2c) and serum phos-
phorus (Fig. 2d) between both groups.
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Table 2 Regression analysis results of risk factors for fragility
fracture

Waldz P OR (95% CI)
Total cholesterol (mmol/l) 9234 0.003 0483 (0.301-0.768)
Alkaline phosphatase (U/L) 12576 0.001 1.004 (0.989-1.010)
Correct calcium (mmol/I) 5487 0018  7.986 (2.402-46.897)
Parathyroid hormone (pg/ml) ~ 9.905 0.002 0912 (0.873-0.958)

(FF group: n=44; CG group: n=192)

Analysis of risk factors for fragility fracture in ESRD
patients

Logistic regression analysis of risk factors for fragility
fracture in ESRD patients

We analyzed the variables whose P value was less than .1
by the logistic regression method. ESRD patients’ serum
corrected calcium and alkaline phosphatase which acted
as significant risks of fragility fractures were independent
of the factors such as age, gender, and period of dialysis
therapy. Normal levels of TC and iPTH might be protect-
ive against fractures. The results are shown in Table 2.
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Analysis of the relationship between different levels of bone
metabolism parameters (serum calcium, serum phosphorus,
and iPTH) and fragility fracture

According to the KDIGO guidelines, the CKD5 pa-
tients’ therapeutic goal of correct calcium was 2.1—
2.5 mmol/l and the goal was 1.13-1.78 mmol/l for
serum phosphorus. We divided the patients into
three different subgroups (low-level group, target
value group and high-level group) according to the
correct calcium and serum phosphorus therapeutic
goals (supplementary Table 1). For iPTH, the thera-
peutic goal was 150-300 pg/ml according to the K/
DOQI guidelines, and the patients were also divided
into three subgroups as before. Analyzing fracture
cases in each subgroup, the value group and the
high-level group had a higher incidence of fragility
fracture than the low-level group. At the same time,
the low-level group of iPTH had a higher incidence
of fragility fracture than the high-level and target
value group. The differences were statistically sig-
nificant (P < .05). All the results are shown in
Fig. 3.
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fracture in low level target value and high level corrected calcium subgroup. *: p< 0.05 when the designated two subgroups were compared. b.
Distribution of fragility fracture in low level target value and high level iPTH subgroup. *: p< 0.05 when the designated two subgroups were
compared. c. Distribution of fragility fracture in low level target value and high level serum phosphorus subgroup. *: p< 0.05 when the designated

two subgroups were compared




Xie et al. BMIC Nephrology (2021) 22:23

Table 3 Distribution of death cause in all patients
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Fragility fracture group (n=44) Control group (n=192) P value

All-cause death 34 (77.3%) 45 (23.4%) 0.000
Cardiovascular event caused death 11 (25.0%) 16 (8.33%) 0.001

Myocardial infarction 2 2

Cerebral apoplexy 5 3

Congestive heart failure 1 1

Sudden death 1 2

Malignant arrhythmia 2 8
Septic shock 13 8 0.001
Respiratory failure 5 13 NS
Cachexia 5 2 0.0005
Others (gastrointestinal hemorrhage, severe metabolic disorder. Etc.) 0 6 NS

Prognosis and survival analysis of ESRD patients suffering
fragility fracture

The follow-up period of this study was 1476.0 (736.0,
2516.0) days. During the follow-up period, 12.1% of
the patients were lost to follow-up and 79 died, 34 in
the FF and 45 in the CG. Compared with the CG,
the number of all-cause deaths and cardiovascular
deaths in the FF showed a significantly higher inci-
dence (P < .001) (Table 3). Eleven patients in the FF
died from cardiovascular events, 13 patients died from
septic shock, and 5 patients died from cachexia. Com-
pared with the CG, the analysis results showed statis-
tically significant differences.

The prognosis of ESRD patients in the FF group was
significantly poorer. Kaplan-Meier survival curve analysis
showed that the all-cause mortality of ESRD patients in
the FF group was significantly higher than that of the
CG after 1year of follow-up, and the survival rate de-
creased further after 5 years of uremia. The survival time

of patients with fragility fracture was 246.0 (66.5, 758.0)
days (Fig. 4a). Analysis of the cardiovascular event sur-
vival curve also showed that the ESRD patients in the FF
group had significantly higher cardiovascular event mor-
tality than the CG after 5 years of follow-up (Fig. 4b).
Further multivariate Cox regression analysis revealed
that fragility fracture was an independent risk factor for
all-cause mortality in ESRD patients (P < .001, RR:
4.877, 95% CI: 2.367—-10.013). Other risk factors revealed
include female gender and high levels of LDL (Table 4).

Conclusion

(1) Among dialysis patients with ESRD, the risk of
fracture was greatly increased. The average annual
incidence of fragility fracture in ESRD patients in
this study was about 2.76%o. Proximal femoral
fracture was the most common, followed by
vertebral fractures.
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Table 4 Cox regression result for all-cause mortality

Waldz P OR (95% Cl)
Female (0: no; 1: yes) 5.389 002 1.543(1.076-2.179)
Low density lipoprotein (mmol/l)  5.265 0.019 1.256 (1.045-1.494)
Fragility fracture (0: no; 1: yes) 18376 0001 4.877 (2.367-10.013)

(2) Hypertension, diabetes, high levels of correct
calcium, alkaline phosphatase, and excessive
reduced iPTH level might be the risk factors of
fragility fracture in patients with ESRD.
Hypertension, correct calcium and alkaline
phosphatase were independent risk factors. Serum
nutrition-related parameters, and appropriate levels
of parathyroid hormone might be protective factors.

(3) The prognosis of ESRD patients in the FF group
was significantly poorer. Fragility fracture was an
independent predictor of all-cause death in patients
with ESRD. Cardiovascular event, along with septic
shock, become the leading causes of death in ESRD
patients with fragility fracture.

Discussion

Chronic kidney disease (CKD) is common, with an esti-
mated worldwide prevalence of 7% of patients in stage
3-5. In addition, with the aging of society, the incidence
of chronic kidney disease, especially ESRD, is gradually
increasing [6]. Due to the advanced stage of chronic
renal disease, renal osteodystrophy often occurs in ESRD
patients, and subsequent fractures are common. Renal
osteodystrophy usually interferes with bone metabolism
and related hormone levels to reduce bone mass,
strength and cause abnormal bone remodeling [7, 8].
These bone abnormalities are common in most ESRD
patients, especially those requiring dialysis [9]. There-
fore, patients with ESRD have a higher risk of fracture,
and the risk of fracture increases as renal function de-
clines. Fragility fractures in ESRD patients are a serious
complication, resulting in high morbidity, high mortality
[10], increased financial burden and prolonged
hospitalization [11, 12]. In recent years, there have been
relatively few studies on fragility fractures in ESRD pa-
tients, and most have focused on cases from Europe and
North America. Whether the results can be extrapolated
to Asian populations is unclear because of differences in
race and social structure. In our study, Chinese patients
were the main subjects. Among the 521 patients studied,
we found that the incidence of fragility fractures during
the follow-up period was 8.4%, proximal femoral frac-
tures and vertebral body fractures were the main types
seen. The annual incidence of fragility fractures during
follow-up was 2.76%o. Compared with other research,
the incidence of fractures was similar, although our
study showed an obvious decrease in annual incidence
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compared with data from the research of Tseng et al
[13]. This may be related to our workload, which has
over 2600 hemodialysis treatments per week. Dialysis pa-
tients are treated with high quality normative therapy in
our hospital. The dialysis center nursing department has
excellent education on the causes of fracture such as
falls and dizziness.

Our study found that the FF group patients were sig-
nificantly more likely to have underlying diseases such
as essential hypertension and diabetes than the CG, and
our subsequent correlation analysis showed that essen-
tial hypertension was an independent risk factor for fra-
gility fractures. This conclusion is consistent with that
reported by Yang, Sennerby, and Vestergaard P et al.
[14-16]. We suspect that the reason may be linked to
the high incidence of symptoms such as dizziness which
occurs with blood pressure fluctuation, and high blood
pressure-related urinary calcium loss which can cause
bone quality decline. Although our experiment did not
investigate this further, a literature search revealed that
Rull [17] recommended a 24-h wurinary calcium and
empty stomach calcium/creatinine ratio test that could
offer better data support. This can be considered in fu-
ture studies. We also hypothesize that diabetes causes
blood glucose fluctuations that may result in symptoms
such as dizziness, amaurosis fugax, or nausea and thus
increase the risk of falls leading to fractures. Existing re-
search [18—-20] has detailed the association between dia-
betes and osteoporosis. Other results of studies into
osteoporosis and fragility fractures are consistent with
our research.

In this study, the nutritional indicators including
hemoglobin, serum TC and LDL in patients with fragil-
ity fractures were significantly lower than those in the
CG, while the levels of TG, high-density lipoprotein and
apolipoprotein were slightly lower than those in the CG,
but there was no statistical significance. This situation
suggests a relationship between fragility fractures and
nutritional status. The logistic regression analysis in this
study suggests higher TC levels may be a protective fac-
tor for fractures. Sivas et al. [21] believe that the increase
of TC could reduce the risk of vertebral fracture propor-
tionately. Yamaguchi et al. [22] suggested that an in-
crease of one standard deviation of TG reduced the risk
of vertebral fracture in perimenopausal women by ap-
proximately 50%. However, Wang Y et al. pointed out
that although high levels of TG were associated with fra-
gility fractures, there was no relationship between in-
creased TC at standard deviation and fracture
susceptibility [23]. The study by Trimpou et al. [24]
found that high TC was directly associated with fracture
susceptibility. We believe that the conflict between the
two results achieved from the healthy people and ESRD
patients may be the result of significant confounding
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factors. The relevant serum lipids and bone metabolism
which are directly affected by chronic kidney disease and
the common effect of statins and double phosphate on
bone and lipid metabolism may have introduced biases.
We believe that a moderately high level of cholesterol
often represents a better nutritional status and is associ-
ated with effective dialysis. These patients have a better
quality of life and are active so they have better motor
strength and coordination of their skeletal muscles, thus
reducing the risk of fragility fracture. We recommend a
follow-up study with an expanded sample size in ESRD
patients to confirm our speculation.

We found that ESRD patients in the FF group had
higher serum calcium, serum corrected calcium and al-
kaline phosphatase levels than the CG, while iPTH levels
were lower than the CG. Similarly, in the comparative
study based on the levels recommended by KDIGO, the
fracture rate of the target level and the high corrected
calcium group was higher than that of the low corrected
calcium group, and the fracture rate of the low iPTH
group was higher than that of the target level and the
high iPTH group. The regression analysis also confirmed
that fragility fracture was correlated with the low iPTH
and a high level of corrected calcium. We speculate that
this might be related to low calcium and high phospha-
temia in CKD patients, resulting in prescribed calcium
supplements or calcitriol. High alkaline phosphatase and
high serum calcium not only did not lead to increased
bone calcium deposition but also led to excessive inhib-
ition of iPTH and failure of osteoblastic transformation
and function. These processes affected the
mineralization of bone and led to increased fracture sus-
ceptibility. The relationship between low iPTH and frac-
ture has been confirmed in the studies of Matias PJ [25]
and Atsumi [26]. The study of Maruyama et al. [27] also
confirmed that elevated alkaline phosphatase in ESRD
patients increased the risk of fracture. In many of the re-
ports we reviewed, the significant effects of hyperpho-
sphatemia on the prognosis of ESRD patients has been
repeatedly noted, but in our study, there was no signifi-
cant difference in serum phosphorus levels between the
fracture group and the CG, and further studies have
shown no significant difference in fracture incidence
among the subgroups of serum phosphorus defined by
KDIGO. This may reveal that although hyperphosphate-
mia is closely related to the prognosis of ESRD patients,
it is not a risk factor for brittle fracture. The serum level
of vitamin D3 was not included in this study, which may
be a confounding factor. Further research will be carried
out in follow-up experiments.

In this study, we found that 77.3% of the patients died
in the FF group and 25.0% of them died from the cardio-
vascular event. Both all-cause mortality and the cardio-
vascular event mortality were higher in the FF group. it
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was found that the survival rate and life span of patients
with fragility fractures decreased significantly. We specu-
late that the impact of fragility fractures on the risk of
death is due firstly, to an increased risk of cardiovascular
events. Shantouf et al. [28] showed that high serum alka-
line phosphatase may be associated with metastatic cal-
cification of soft tissue. Therefore, high levels of alkaline
phosphatase in ESRD patients with fragility fractures
may promote arterial and cardiac calcification. In our
study, the COX regression analysis showed that high
LDL was an independent risk factor for all-cause mortal-
ity, and high LDL was also a risk factor for arterial calci-
fication and cardiac valve calcification [29]. There are
limitations in this study. Firstly, based on the exclusion
criteria, there were potential selection bias between the
236 study population and the excluded patients. The
case: control ratio was more than 1:4 which may not im-
prove statistical power and not all of the study popula-
tion had X-ray and CT scan which may cause potential
selection bias. Limited by the recording system, the drug
mineral metabolism related therapies and the dialysis
characteristics were not present in detail. Secondly, this
study did not confirm the calcification of artery and
heart valve in patients, this should be investigated in fu-
ture studies. Thirdly, there may be an increased risk of
infection. Fractures can lead to prolonged bed rest, an
increased risk of hypostatic pneumonia, and a risk of de-
veloping refractory systemic infection, leading to septic
shock and systemic multi-organ failure. We found that
the fracture group had more deaths from septic shock
and multiple organ dysfunction than the CG, which sup-
ports our hypothesis. Studies by Groff [30], Dodd [31]
and many scholars have also confirmed the association

between secondary infection after fracture and patient
death.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512882-020-02224-7.

Additional file 1: Supplementary Table 1. The distribution of fragility
fracture cases in three subgroups of serum corrected calcium,
phosphorus and iPTH.

Abbreviations

ACEls: Angiotensin-converting enzyme inhibitors; ARB: Angiotensin receptor
blockers; CG: Control group; CKD: Chronic kidney disease; ESRD: End-stage
renal disease; FF: Fragility fracture; iPTH: Immunoreactive parathyroid
hormone; KDIGO: Kidney disease improving global outcome; LDL: Low
density lipoprotein; rh EPO: Recombinant human erythropoietin; TC: Total
cholesterol

Acknowledgements
Not applicable.

Authors’ contributions
LX collected case information and drafted initial version of the manuscript.
XH also helped to collect the data of patient. ZO designed the study


https://doi.org/10.1186/s12882-020-02224-7
https://doi.org/10.1186/s12882-020-02224-7

Xie et al. BMC Nephrology (2021) 22:23

procedure, revised the manuscript and served as technical advisor of
statistics. WL conducted the data analysis and also helped to revise the
manuscript. All authors have read and approved the manuscript.

Funding

This work was supported by the National Natural Science Foundation for
Youths (81702670). The funder WL conducted the data analysis and helped
to revise the manuscript.

Availability of data and materials

The datasets analysed during the current study are not publicly available due
to the potential use in further researches but are available from the
corresponding author on reasonable request.

Ethics approval and consent to participate

The study protocol was approved by the institutional review board of
Central South University. The retrospective study was based on non-
interventional data analysis, therefore the written informed consent was
waived by the institutional review board according to Technical Guidelines
for Clinical Trials of Diagnostic Reagents in Vitro (the attachment of No. 16
announcement in 2014) issued by the China Food and Drug Administration.
The access to the the clinic data bank in The Second Xiangya Hospital of
Central South University requires the application for scientific research
purpose, which is approved by the institutional review board of Central
South University.

Consent for publication
Not applicable.

Competing interests
No competing interests are declared.

Author details

'Department of Nephrology, The Second Xiangya Hospital, Central South
University, Changsha 410011, Hunan, P.R. China. “Department of Orthopedics,
The Second Xiangya Hospital, Central South University, 139 Renmin Road,
Changsha 410011, Hunan, P.R. China.

Received: 3 October 2020 Accepted: 23 December 2020
Published online: 11 January 2021

References

1. Kidney Disease. Improving Global Outcomes (KDIGO) CKD-MBD Work
Group. KDIGO clinical practice guideline for the diagnosis, evaluation,
prevention, and treatment of chronic kidney disease-mineral and bone
disorder (CKD-MBD). Kidney Int. 2009;76:51-5130.

2. Hung LW, Hwang YT, Huang GS, Liang CC, Lin J. The influence of renal
dialysis and hip fracture sites on the 10-year mortality of elderly hip fracture
patients: a nationwide population-based observational study. Medicine.
2017,96:¢7618.

3. Najar MS, Mir MM, Muzamil M. Prevalence of osteoporosis in patients with
chronic kidney disease (stages 3-5) in comparison with age- and sex-
matched controls: a study from Kashmir Valley tertiary care Center. Saudi J
Kidney Dis Transpl. 2017;28:538-44.

4. Wang AY, Akizawa T, Bavanandan S, et al. 2017 kidney disease: improving
global outcomes (KDIGO) chronic kidney disease-mineral and bone disorder
(CKD-MBD) guideline update implementation: Asia summit conference
report. Kidney Int Rep. 2019;4:1523-37.

5. Klaus G, Watson A, Edefonti A, et al. Prevention and treatment of renal
osteodystrophy in children on chronic renal failure: European guidelines.
Pediatr Nephrol. 2006;21:151-9.

6. Zhang QL, Rothenbacher D. Prevalence of chronic kidney disease in
population-based studies: systematic review. BMC Public Health. 2008,8:117.

7. Moorthi RN, Moe SM. Recent advances in the noninvasive diagnosis of renal
osteodystrophy. Kidney Int. 2013;84:886-94.

8. Damasiewicz MJ, Nickolas TL. Rethinking bone disease in kidney disease.
JBMR plus. 2018;2:309-22.

9. Coen G, Ballanti P, Bonucci E, et al. Renal osteodystrophy in predialysis and
hemodialysis patients: comparison of histologic patterns and diagnostic
predictivity of intact PTH. Nephron. 2002,91:103-11.

Page 9 of 9

10.  Nitsch D, Mylne A, Roderick PJ, Smeeth L, Hubbard R, Fletcher A. Chronic
kidney disease and hip fracture-related mortality in older people in the UK.
Nephrol Dial Transplant. 2009,24:1539-44.

11. Schumock GT, Sprague SM. Clinical and economic burden of fractures in
patients with renal osteodystrophy. Clin Nephrol. 2007,67:201-8.

12. Doan QV, Gleeson M, Kim J, Borker R, Griffiths R, Dubois RW. Economic
burden of cardiovascular events and fractures among patients with end-
stage renal disease. Curr Med Res Opin. 2007;23:1561-9.

13. Tseng CH, Huang WS, Li TC, Chen HJ, Muo CH, Kao CH. Increased risk of
end-stage renal disease among hip fracture patients. Eur J intern Med. 2014;
25:956-61.

14. Yang S, Nguyen ND, Center JR, Eisman JA, Nguyen TV. Association between
hypertension and fragility fracture: a longitudinal study. Osteoporo Int. 2014;
25:97-103.

15. Sennerby U, Farahmand B, Ahlbom A, Ljunghall S, Michaelsson K.
Cardiovascular diseases and future risk of hip fracture in women. Osteoporo
Int. 2007;18:1355-62.

16.  Vestergaard P, Rejnmark L, Mosekilde L. Hypertension is a risk factor for
fractures. Calcif Tissue Int. 2009;84:103-11.

17.  Rull MA, Cano-Garcia Mdel C, Arrabal-Martin M, Arrabal-Polo MA. The
importance of urinary calcium in postmenopausal women with
osteoporotic fracture. Can Urol Assoc. 2015,9:E183-6.

18. Kurra S, Fink DA, Siris ES. Osteoporosis-associated fracture and diabetes.
Endocrinol Metab Clin N Am. 2014;43:233-43.

19.  Paschou SA, Dede AD, Anagnostis PG, Vryonidou A, Morganstein D, Goulis
DG. Type 2 diabetes and osteoporosis: a guide to optimal management. J
Clin Endocrinol Metab. 2017;102:3621-34.

20. Tell-Lebanon O, Rotman-Pikielny P. Osteoporosis and diabetes - in which
way are they related? Harefuah. 2016;155:697-701.

21, Sivas F, Alemdaroglu E, Elverici E, Kulug T, Ozoran K. Serum lipid profile: its
relationship with osteoporotic vertebrae fractures and bone mineral density
in Turkish postmenopausal women. Rheumatol Int. 2009;29:885-90.

22, Yamaguchi T, Sugimoto T, Yano S, et al. Plasma lipids and osteoporosis in
postmenopausal women. Endocr J. 2002,49:211-7.

23. Wang Y, Dai J, Zhong W, Hu C, Lu S, Chai Y. Association between serum
cholesterol level and osteoporotic fractures. Front Endocrinol. 2018;9:30.

24. Trimpou P, Oden A, Simonsson T, Wilhelmsen L, Landin-Wilhelmsen K. High
serum total cholesterol is a long-term cause of osteoporotic fracture.
Osteoporo Int. 2011;22:1615-20.

25. Matias PJ, Laranjinha |, Azevedo A, et al. Bone fracture risk factors in
prevalent hemodialysis patients. J Bone Miner Metab. 2019.

26.  Atsumi K, Kushida K, Yamazaki K, Shimizu S, Ohmura A, Inoue T. Risk factors
for vertebral fractures in renal osteodystrophy. Am J Kidney Dis. 1999;33:
287-93.

27. 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.
2014,29:1532-8.

28, Shantouf R, Kovesdy CP, Kim Y, et al. Association of serum alkaline
phosphatase with coronary artery calcification in maintenance hemodialysis
patients. Clin J Am Soc Nephrol. 2009;4:1106-14.

29. Ten Kate GR, Bos S, Dedic A, et al. Increased aortic valve calcification in
familial hypercholesterolemia: prevalence, extent, and associated risk factors.
J Am Coll Cardiol. 2015;66:2687-95.

30.  Groff H, Kheir MM, George J, Azboy |, Higuera CA, Parvizi J. Causes of in-
hospital mortality after hip fractures in the elderly. Hip Int. 2019;
1120700019835160.

31. Dodd AC, Bulka C, Jahangir A, Mir HR, Obremskey WT, Sethi MK. Predictors
of 30-day mortality following hip/pelvis fractures. Orthop Traumatol Surg
Res. 2016;102:707-10.

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



	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Experimental cases and data collection
	Statistical approach

	Results
	Fracture in patients with ESRD
	Etiology analysis in ESRD patients with fragility fractures
	Statistical analysis of the serum nutrition-related parameters and the mineral-bone metabolism disorder parameters
	Analysis of risk factors for fragility fracture in ESRD patients
	Logistic regression analysis of risk factors for fragility fracture in ESRD patients
	Analysis of the relationship between different levels of bone metabolism parameters (serum calcium, serum phosphorus, and iPTH) and fragility fracture

	Prognosis and survival analysis of ESRD patients suffering fragility fracture

	Conclusion
	Discussion
	Supplementary Information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

