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Background: Patients on maintenance hemodialysis have an increased risk of fracture. However, the relationship between fracture
and poor prognosis is not clear.

Methods: A total of 182 maintenance hemodialysis patients were enrolled in the study. The relationship between fracture and poor
prognosis (cardiovascular events, stroke, malignancy and 5-year all-cause mortality) were analyzed.

Results: 21 of 182 patients had a history of fracture at the time of enrollment. 26 patients had a new fracture after enrollment. A total
of 57 fractures occurred in 47 patients, the most common fracture site was the rib. Patients with fracture group had a higher proportion
of elderly and female, higher serum phosphorus and B-type natriuretic peptide and lower hemoglobin, albumin, and potassium
compared with those without fracture. Age (OR=3.809, 95% CI: 1.064—8.966, p=0.038), hemoglobin (OR=0.961, 95% CI: 0.925—
0.997, p=0.035), and serum phosphorus (OR=3.325, 95% CI:1.104-10.019, p=0.033) were the independent risk factors of new
fractures in MHD patients. The incidence of malignancy and 5-year all-cause mortality in patients with fracture was higher than those
without fracture (p<0.05). But there was no significant difference in the incidence of acute myocardial infarction or stroke.
Conclusion: 25.8% of maintenance hemodialysis patients had at least one fracture, with rib fractures accounting for the highest
proportion. Age, hemoglobin and serum phosphorus were the independent risk factors of new fractures. The incidence of malignancy
and 5-year all-cause mortality in patients with fracture was higher than those without fracture, but there was no significant difference in
the incidence of acute myocardial infarction and stroke.

Plain Language Summary: To determine the incidence of fractures in hemodialysis patients, we conducted this single center,
prospective observational study. 182 patients were enrolled. We also recorded the 5-year incidence of acute myocardial infarction-
(AMI), stroke, malignancy, and mortality.

Our results showed that the incidence of fracture in hemodialysis patients was 25.8%. The most common fracture site was the rib.
There were significant statistical differences in age, gender, hemoglobin, serum albumin, B-type natriuretic peptide, potassium and
phosphorus between patients with and without fractures. Logistic regression analysis suggested that advanced age, anaemia and
hyperphosphatemia were independent risk factors for new fractures in hemodialysis patients.

We followed 182 patients for 5 years and recorded the incidence of stroke, AMI and malignancy. The rates of AMI and stroke did
not differ significantly between the two groups. However, the incidence of malignancy in patients with fractures is significantly higher
than that in patients without fractures.

In our study, a total of 74 patients died, including 24 deaths in the fracture group and 50 deaths in the non-fracture group. The main
causes of death in 74 cases were cardiovascular events. Our study provides some insight into the association between fractures and
poor outcomes in hemodialysis patients.
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Introduction
Chronic kidney disease (CKD) is a major global public health problem. The prevalence of CKD in China is 8.2%~10.8%,
that’s about 100 million patients.'” With the progression of CKD, renal function gradually declines. When the
glomerular filtration rate (GFR) drops below 10mL/min, dialysis is often required. The main purpose of dialysis is to
replace part of the function of the damaged kidney and remove toxins and excess fluid from the body to reduce uremia
symptoms and improve the patient’s quality of life. By the end of December 2022, the total number of patients registered
for dialysis in mainland China had exceeded one million, bringing a heavy health burden to families and society.
There are many complications in dialysis patients, such as anemia, malnutrition, chronic kidney disease-mineral and
bone disorder (CKD-MBD), resulting in significantly higher fracture rates than in the general population.®* Fractures
lead to reduced quality of life and increased mortality in dialysis patients.’” The most common causes of death in
maintenance hemodialysis (MHD) patients include cerebrovascular accidents, congestive heart failure and lung infec-
tions. To further clarify the incidence of fractures in MHD patients and the association between fractures and poor
prognosis (cardiovascular events, stroke, malignancy and 5-year all-cause mortality), we performed this single center,
prospective observational study.

Materials and Methods
This study was conducted at blood purification center of Tongji Hospital from January 2017 to December 2021.

Inclusion Criteria
The participants in the study were all HD patients aged >18 years who had received hemodialysis for more than 90 days.

Exclusion Criteria
1. Patients younger than 18 years old. 2. Patients who refuse to sign the consent. 3. Patients who have received
hemodialysis for less than 90 days.

All enrolled patients underwent a routine chest CT and abdominal X-ray examinations once a year. Patients who have
suffered a fall are examined by X-rays at the emergency department. Fractures were diagnosed radiologically using
morphometry regardless of the presence of clinical symptoms. Patients were evaluated monthly for anemia and quarterly
for CKD-MBD. Drugs to treat anemia include roxallistat, erythropoietin and iron. Drugs to treat CKD-MBD include
sevelam, lanthanum carbonate and calcium acetate, calcitriol, paricalcitol and cinacase.

Data Analysis

The collected data were recorded and analyzed using the Statistical Product and Service Solutions (SPSS) version 26.
Qualitative data were described as numbers and percentages, while quantitative data were expressed as mean+SD or
median (quartile 1, quartile 3) for parametric and non-parametric data, respectively. The Kolmogorov—Smirnov test was
used to test the normality of the continuous variables. Independent samples #-tests and Mann—Whitney U-tests were used
to compare parametric and non-parametric variables between the two groups. The chi-square test was used to compare
the qualitative variables between the two groups. Multivariate logistic regression analysis was used to identify significant
predictors of fracture incidence. The level of significance was set at 5% (p<0.05).

Ethical Considerations
This study was approved by the Ethics Committee of Shanghai Tongji Hospital (approval number: 259-XZ-03) and
conformed to the principles outlined in the Declaration of Helsinki. All subjects signed informed consent.

Results

The study enrolled 182 MHD patients, 61.0% males, with a mean age of 63.1£12.8 years. The leading cause of ESRD is
glomerulonephritis (36.8%, 67/182), followed by diabetic nephropathy (27.5%, 50/182), hypertensive nephropathy
(19.2%, 35/182) and polycystic kidney disease (8.8%, 16/182). Twenty-one of 182 patients had a history of fracture at
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Figure | The proportion of fracture sites in MHD patients. A total of 57 fractures occurred in 47 patients, including 20 rib fractures (35.09%), 10 vertebral fractures
(17.54%), 7 humeral fractures (12.28%), 5 Hip fractures (8.77%), and 15 other fractures (26.32%, including phalanx, metatarsal bone, ulna, etc).

the time of enrollment. Twenty-six patients had a new fracture after enrollment in the study. A total of 57 fractures
occurred in 47 patients, including 20 rib fractures, 10 vertebral fractures, 7 humeral fractures, 5 hip fractures, and 15
other fractures (Figure 1). The proportion of fractures by age is shown in Figure 2. The risk of fracture increases with age
and is higher in women than in men. In patients over 80 years of age, more than half of the females experienced fractures.

Table 1 shows the comparison of demographic and clinical parameters between the patients with or without fracture.
Compared with the patients without fracture, patients with fracture had a higher proportion of elderly (66.0£13.6 vs 62.1
+12.3 yrs.) and higher proportion female (53.2% vs 34.1%), higher serum phosphorus (1.85+0.52 vs 1.68+0.50 mmol/L)
and higher B-type natriuretic peptide and lower hemoglobin (100.2+17.1 vs 104.4£15.1 g/L), lower albumin (36.86+3.93
vs 37.80+6.07 g/L), and lower potassium (3.93+0.79 vs 4.23+0.91 mmol/L). The patients with fracture had a greater
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Figure 2 The prevalence of fractures by age (Black: Total; Blue: Male; Red: Female). In people over 50 years of age, the incidence of fractures increases with age and is higher
in women than in men. More than half of all women over 80 experienced fractures.
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Table | Demographic and Clinical Parameters of the Patients with and without Fractures

Patients with Patients Without P value
Fracture (n=47) Fracture (n=135)

Sex, women, n (%) 24(51.1) 47(34.8) 0.039
Age, years 66.0£13.6 62.1+12.3 0.002
Diabetic nephropathy (%) 34.0 25.2

Chronic glomerulonephritis (%) 27.7 40.0

Hypertensive nephropathy (%) 21.3 18.5

Polycystic kidney disease (%) 10.6 6.7

Duration of dialysis, (months) (84, 111.6) (11.8, 95.8) 0.903
CVC (%) 31.7 15.5

AVF (%) 65.9 8l1.9

AVG (%) 24 2.6

Blood Flow (mL/min) 229420 229422 0.500
spKt/V 1.52+0.63 1.47+0.42 0.789
URR 69.21+8.51 70.02+9.36 0.607
Hemoglobin, g/L 100.2£17.1 104.4£15.1 0.016
CRP, mg/L (2.61, 8.77) (1.86, 6.98) 0.251
Albumin, g/L 36.86+3.93 37.80%6.07 0.017
Potassium, mmol/L 3.93£0.79 4231091 0.006
Calcium, mmol/L 2.19+0.20 2.19+0.29 0.745
Phosphorus, mmol/L 1.85+0.52 1.68+0.50 0.048
PTH, ng/L (136.78, 387.53) (113.88, 486.63) 0.761
Vitamin D, nmol/L 33.38%17.76 32.324+21.92 0.292
Fe, umol/L 13.35£7.70 12.27+4.68 0.806
Ferritin, pg/L (197.20, 673.35) (192.90, 632.28) 0.498
Uric acid, umol/L, umol/L 399.51479.52 411.22+81.54 0.174
CO,, mmol/L 21.95+2.79 21.85+3.05 0.075
BNP, ng/L (199.30, 741.70) (114.70, 575.33) 0.018

Abbreviations: CVC, Central Venous Catheter; AVF, Arteriovenous Fistula; AVG, Arteriovenous Graft; URR, urea
reduction rate; CRP, C-reactive protein; PTH, Parathyroid Hormone; BNP, B-type natriuretic peptide.

proportion of patients with diabetes and a higher proportion of central venous catheter(CVC), but there was no statistical

difference between the two groups. Multivariate logistic regression analysis showed age (>65 yrs. vs < 65 years),

anaemia and hyperphosphatemia were independent risk factors for new fractures in MHD patients, as shown in Table 2.

We followed 182 patients for 5 years and recorded the incidence of stroke, AMI and malignancy. The incidence of

stroke was 8.5% in patients with fracture and 6.7% without fracture. AMI occurred in 23.4% of patients with fracture and

21.5% of patients without fracture. Malignancy developed in 8.5% (4/47) of patients with fracture, including two breast

cancers, one prostate cancer, and one pancreatic cancer. Three patients (2.2%, 3/135) in patients without fracture

developed malignancy, one colon cancer, kidney cancer, and lung cancer (Table 3).

Table 2 Independent Risk Factors for New Fractures in MHD Patients

i} Sx | Waldx2 | P value | OR 95% CI
Age 1.128 | 0.544 4.302 0.038 | 3.809 | 1.064~8.966
Albumin —0.059 | 0.049 1.450 0228 | 0943 | 0.857~1.038
Hemoglobin | —0.04 | 0.019 4.428 0.035 | 0961 | 0.925~0.997
Phosphorus | 1.202 | 0.563 4.559 0.033 3.325 | 1.104~10.019
Co, 0.100 | 0.105 0916 0.339 1.106 | 0.900~1.358
PTH 0.000 | 0.001 0.002 0.960 1.000 | 0.999~1.001

Abbreviation: PTH, Parathyroid Hormone.
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Table 3 Correlation Analysis Between Fracture and Poor Prognosis of
Patients in MHD Patients

Patients with Patients Without P value

Fracture (n=47) Fracture (n=135)
Stroke (%) 85 6.7 0.280
AMI (%) 234 21.5 0.541
Malignancy (%) 85 22 <0.001
I-year mortality (%) 12.77 9.63 0.555
2-year mortality (%) 234 18.52 0.833
3-year mortality (%) 40.43 23.7 0.014
4-year mortality (%) 44.68 32.59 0.035
5-year mortality (%) 51.06 37.04 0.040

Abbreviations: MHD, Maintenance Hemodialysis; AMI, Acute Myocardial Infarction.

During 5 years of follow-up, 74 of 182 patients died, the all-cause mortality rate was significantly higher in patients
with fracture (51.06%, 24/47) than that in patients without fracture (37.04%, 50/135). From the third year onwards, there
was a statistically significant difference in all-cause mortality between the two groups, as shown in Table 3. The first
leading cause of death was cardiovascular events (27.03%, 20/74), including heart failure, AMI and sudden cardiac
death. The second cause was infection (18.92%, 14/74), followed by stroke (12.16%, 9/74) and respiratory failure
(6.76%, 5/74), as shown in Figure 3.

Discussion

The incidence of fracture in dialysis patients is higher than that in the general population. Due to factors such as CKD-
MBD, malnutrition, decreased exercise and cognitive function, osteoporosis is common in dialysis patients, with
decreased bone quality and strength, leading to an increased risk of fracture. In previous studies, hip fractures were
the most common type in dialysis patients, the incidence of hip fracture is about 4 to 5 times higher than that in the
general population.® Our study showed that 11.5% of patients on maintenance hemodialysis had a history of fracture, and
fractures occurred in 14.3% of patients during 5 years of follow-up. The most common fracture site was the rib, followed

2.7%1. 4%

=CVD = Sudden death
= Infection Cerebrovascular events
= Respiratory failure =Malignant tumor

= Gastrointestinal bleeding = Intestinal obstruction

Figure 3 Analysis of 5-year death causes in MHD patients. During 5 years of follow-up, 74 of 182 patients died. The first leading cause of death was cardiovascular events
(27.03%, 20/74), including heart failure, AMI and sudden cardiac death. The second cause was infection (18.92%, 14/74), followed by stroke (12.16%, 9/74) and respiratory
failure (6.76%, 5/74).
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by the vertebra, humerus and hip. The types of fractures are different in different populations, in people with type 1
diabetes, the most common fracture sites are carpal, clavicle, foot, humerus and tibia/fibula.” In our study, the higher
proportion of rib fractures and vertebral fractures may be related to the routine chest CT and abdominal X-ray
examinations performed in hemodialysis patients. Since a large proportion of hemodialysis patients are elderly patients
with mobility difficulties, they often need to be carried between wheelchairs and beds, which is often done by family
members who lack professional facilities, which may increase the chance of rib fractures.

To analyze risk factors for fracture in hemodialysis patients, we compared the differences between patients with or
without fracture. The results showed that the fracture group had a higher proportion of elderly and female, in patients
over 80 years of age, more than half of the female dialysis patients experienced fractures. Logistic regression analysis
showed age, hemoglobin and surum phosphorus were independent risk factors for new fractures in MHD patients.

Anemia is a common complication of ESRD. The prevalences of anemia were 40.1% in patients with CKD stage 4
and 60.3% in patients with CKD stage 5.® Anemia is associated with cognitive impairment, physical function decline,
muscle weakness, and low bone mineral density, leading to an increased risk of fractures.” EPO has been used clinically
to treat anemia in end-stage renal disease. Data from the United States Renal Data System (USRDS) datasets shows EPO
treatment as an independent risk factor for hip fractures in hemodialysis patients.'® Therefore, the relationship between
anemia and fracture in hemodialysis patients presents complex characteristics.

Hyperphosphatemia is highly prevalent in MHD patients and can lead to a variety of clinical manifestations, including
cardiovascular calcification and fracture.'' Serum phosphorus level is positively associated with fracture risk in male
patients with CKD.'? This association persisted even after correction for FGF23 and PTH levels.'? In the LANDMARK
study, among patients undergoing hemodialysis with hyperphosphatemia and at least 1 vascular calcification risk factor,
treatment of hyperphosphatemia with lanthanum carbonate compared with calcium carbonate did not result in
a significant difference in composite cardiovascular events and hip fracture.'"* In the COSMOS project, during
a median follow-up of 24 months, 4% hemodialysis patients experienced at least one bone fragility fracture. Baseline
serum phosphate > 6.1 mg/dL was significantly associated with a higher bone fragility fracture risk. Baseline serum
calcium showed no association with bone fragility fracture risk. But the correlation between serum PTH and fracture was
inconsistent.'” In the EVOLVE study, bone fracture occurred in 19.2% of dialysis patients without hypocalcemia and
18.9%~21.1% of hemodialysis patients with hypocalcemia, indicating there was no significant correlation between
hypocalcemia and the incidence of fracture.'®

Hip fracture is associated with increased hospitalization and mortality. However, the relationship between other
fracture types and patient outcomes is unclear. In our study, 182 hemodialysis patients were followed up for 5 years,
a total of 7 of 182 patients developed malignancy, which was higher than in the general population. Hemodialysis
patients have an increased risk of malignancy due to impaired immune system function, malnutrition, immunosuppres-
sants or cytotoxic drugs and other factors.'”'® In our study, malignancy appear to be more likely to occur in patients with
fracture, for reasons that are not clear. One possible reason for this is that the patient had inadvertently suffered
a pathological fracture before the diagnosis of malignancy was made. We also followed the hemodialysis patients for
the occurrence of stroke and acute myocardial infarction. In a Korean nationwide population-based study, vertebral
fracture is associated with myocardial infarction in incident hemodialysis patients.'® In our study, the incidence of stroke
and acute myocardial infarction was significantly higher in the hemodialysis patients, but there was no statistically
significant difference between the two groups.

The main cause of death in MHD patients was cardiovascular disease.”’ In our study, 182 hemodialysis patients were
followed up for 5 years and a total of 74 died, including 24 deaths in the fracture group and 50 deaths in the non-fracture
group. The mortality in patients with fracture group (51.06%, 24/47) was significantly higher than that in patients without
fracture (37.04%, 50/135) (p<0.05). The main causes of death in 74 cases were cardiovascular events, including heart
failure, acute myocardial infarction and sudden cardiac death, followed by infection, stroke, and respiratory failure.

Our study has the following limitations: First, it is a single-center and small sample study, and the conclusions are not
applicable to other ethnic groups; Second, we did not evaluate patients with SF-36 and other scales, so our study did not
explore the impact of fractures on the quality of life of hemodialysis patients. Third, due to the inconsistent location of
the fracture, we did not explore the effect of surgical and non-surgical treatment on patient outcomes in our study.
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In conclusion, our study showed that the incidence of fracture in MHD patients was significantly increased, and the
most common fracture was rib fracture. Advanced age, anemia and hyperphosphatemia were the independent risk factors
of new fractures in MHD patients. Serum calcium and PTH levels had no significant correlation with fracture occurrence.
The incidence of malignancy and S5-year all-cause mortality in patients with fracture was higher than those without
fracture. But there was no significant difference in the incidence of acute myocardial infarction or stroke. Since our study
was a single-center study with a small sample size, whether pathological fractures and elevated levels of inflammation
were involved needs further study.
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