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Background: Fracture Risk Assessment Tool (FRAX) and bone turnover markers (BTMs) predict fractures in the general population. However, the role of FRAX and BTMs in predicting mortality remains uncertain in hemodialysis (HD) patients.

Methods: One hundred and sixty-four HD patients stratified by low or high risk of 10-year fracture probability using FRAX. High risk of fracture was defined as 10-year probability of hip fracture ≥3% or major osteoporotic fracture ≥20%. The association of high risk of fracture and BTMs with all-cause mortality and cardiovascular (CV) mortality were evaluated using multivariate-adjusted Cox regression analysis.

Results: Eighty-five (51.8%) patients were classified as high risk of fracture based on FRAX among 164 HD patients. During a mean follow-up period of 3.5 ± 1.0 years, there were 39 all-cause deaths and 23 CV deaths. In multivariate-adjusted Cox regression, high risk of fracture based on FRAX was independently associated with all-cause mortality [hazard ratio (HR): 2.493, 95% confidence interval (CI): 1.026–6.056, p = 0.044) but not with CV mortality (HR: 2.129, 95% CI: 0.677–6.700, p = 0.196). There were no associations between BTMs and mortality risk. Furthermore, lower geriatric nutritional risk index (GNRI) was significantly associated with increased CV mortality (HR: 0.888, 95% CI: 0.802–0.983, p = 0.022) after adjusting by confounding variables.

Conclusion: High risk of fracture using FRAX was an independent predictor of all-cause mortality in patients undergoing HD. FRAX, rather than BTMs, has an important role of prognostic significance in HD patients.
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INTRODUCTION

Osteoporotic fractures can lead to physical dysfunction and decreased quality of life, and link to increased mortality and health cost in the general population (1–3). Accumulating evidence indicates that the fracture risk increases steadily with the loss of renal function in patients with chronic kidney disease (CKD) (4, 5), and the risk becomes four times higher in hemodialysis (HD) patients in comparison with healthy controls (6). Mineral and bone disorders, disturbed calcium and phosphate balance, secondary hyperparathyroidism, as well as vitamin D deficiency in chronic kidney disease contribute to the derangements in bone mineralization and turnover (7). Moreover, chronic diseases in CKD could aggravate frailty. Uremic toxin, inflammation, fluid overload, anemia, and malnutrition are involved in the process of muscle mass loss, cognitive impairment, and finally generate frailty in CKD (8, 9). Of note, frailty links to increased risk of fracture and mortality in dialysis-dependent patients (10, 11).

The Fracture Risk Assessment Tool (FRAX) is an online calculated tool, and is able to predict 10-year fracture risk based on clinical risk factors and bone mineral density (BMD) in the general population. Furthermore, FRAX helps doctors make treatment strategies for osteoporosis in clinical practice (12). Although the risk factors for major bone fractures in CKD are complex, FRAX has been demonstrated to stratify fracture risk in non-dialysis CKD patients and in HD patients (13–15). Bone turnover markers (BTMs) are series of biomarkers released during the process of bone remodeling. BTMs include markers of bone resorption and bone formation, and provide a non-invasive approach for studying bone turnover. Previous studies have reported a positive association between BTMs and fracture risk (16, 17). In patients with end-stage kidney disease (ESKD), BTMs were correlated with bone loss and low bone density (18, 19). However, the association between BTMs and fractures were conflicting in patients with CKD (19, 20).

Even though FRAX and BTMs might reflect the severity of low bone density and an increased risk of osteoporotic fractures, the associations of FRAX and BTMs with mortality risk remains unclear in patients with CKD or with ESKD. There are limited studies to examine their role in predicting mortality among this patient population. Hence, the aims of this study are to investigate the relationship between FRAX and BTMs, and further to evaluate the role of FRAX and BTMs in association with all-cause mortality and cardiovascular (CV) mortality in HD patients.



METHODS


Study Participants

From March 2017 to December 2017, this interventional cohort study recruited 178 patients on thrice-weekly HD >3 months at the outpatient HD center of a regional hospital in Taiwan. All patients were ≥20 years of age and their each HD treatment lasted for 3.5–4.5 h based on the Kidney Disease Outcomes Quality Initiative clinical practice guideline (21). Patients who refused to undergo dual energy x-ray absorptiometry (DXA) scan (n = 6), patients with bilateral below knee amputation (n = 3), and those who were hospitalized 4 weeks prior the study enrollment (n = 5) were excluded from the study. Finally, a total of 164 maintenance HD patients (mean age 60.1 ± 10.6 years, 54.9% men) were included. The ethics review committee and Institutional Review Board of Kaohsiung Medical University Hospital approved the study protocol (KMUHIRB-F(I)-20150074). All patients provided their written informed consent.



Demographic, Medical and Biochemical Information

Through the interviews and electronic medical records, the information of patients' demographic characteristics and their medical history were obtained. Fasting blood sample was collected for measurement of biochemical markers using an automated chemistry analyzer TBA-c16000 (Toshiba, Tokyo, Japan). The intact parathyroid hormone (PTH) assay was performed using the analyzer Immulite 2000 (Siemens Healthcare Diagnostics, Munich, Germany). Serum 25-hydroxyvitamin D concentration was analyzed using chemiluminescent microparticle immunoassay on an automated Abbott Architect i2000 (Abbott Laboratories, IL, USA). The geriatric nutritional risk index (GNRI), reliable indicator for nutritional status in maintenance HD patients (22), was calculated as GNRI = [14.89 × albumin (g/dl)] + [41.7 × (body weight/ideal body weight)] (23). The ideal body weight was defined as the value calculated from the height and a body mass index of 22 (24). If the patient's body weight was greater than the ideal body weight, body weight/ideal body weight was set to 1 (25).



BTMs

Serum procollagen type 1 amino-terminal propeptide (P1NP) and C-terminal cross-linking telopeptide of type I collagen (CTX) were analyzed by an automated Roche electrochemiluminescence system (E411, Roche Diagnostics, Mannheim, Germany). The Unicel DxI 800 immunoassay system (Beckman Coulter Inc., Brea, CA, USA) was used to measure bone-specific alkaline phosphatase (BALP). Serum dickkopf-related protein-1 (DKK1) and sclerostin levels were measured using commercially available enzyme-linked immunosorbent assay (EIAab Science Co.:DKK1; Biomedica: sclerostin), following the manufacturer's protocols.



Cardiothoracic Ratio and Aortic Arch Calcification

All patients' chest X-rays were reviewed by an experienced radiologist for assessment of the cardiothoracic ratio and aortic arch calcification (AoAC). The cardiothoracic ratio was calculated based on the ratio of the transverse diameter of the cardiac shadow to the transverse diameter of the chest on patients' chest X-rays. AoAC was assessed using the scale proposed by Ogawa et al. (26). In brief, the number of section with calcification was counted from the divided 16 sections of the aortic arch on patients' chest X-rays.



Assessment of Fracture Risk Using FRAX

To assess the risk of fractures, FRAX is able to provide the 10-year probability of a major osteoporotic fracture and hip fracture, respectively. FRAX assessment requires the information about age, gender, height, weight, previous fracture, family history of hip fracture, current smoking, use of glucocorticoids, history of rheumatoid arthritis and secondary osteoporosis, amount of daily alcohol consumption, and femoral neck BMD (http://www.shef.ac.uk/FRAX). BMD at femoral neck was measured using a DXA scanner (Hologic Inc., Bedford, MA, USA). High risk of fracture was defined as 10-year probability of hip fracture ≥3% or a major osteoporotic fracture ≥20% (27, 28).



Outcomes of Interest

Two clinical outcomes, all-cause mortality and CV mortality were assessed. CV mortality was defined as fatal myocardial infarction, fatal ventricular arrhythmia, sudden cardiac death, and fatal stroke. Study patients were followed until death, and the remaining patients were followed until July 2021.



Statistical Analysis

Descriptive statistics are presented as percentages, mean ± standard deviation, or median (25th−75th percentile) for the dialysis vintage, AoAC, P1NP, CTX, BALP, DKK1, sclerostin, intact PTH, and high-sensitivity C-reactive protein (hs-CRP). The study patients were stratified into two groups based on low or high risk of fracture assessed by using FRAX. Differences between two groups of patients were analyzed by the chi-square test for categorical variables, and by an independent t-test for continuous variables with approximately normal distribution, or by Mann-Whitney U test for continuous variables with skewed distribution. Survival curves for all-cause mortality and CV mortality were illustrated using the Kaplan-Meier method and compared between above-mentioned groups of patients by the log-rank test. The univariate and multivariate adjusted Cox regression analyses were used to identify the factors associated with all-cause and CV mortality. The continuous variables with a skewed distribution were log-transformed to attain normal distribution in the Cox regression analysis. Significant variables (p < 0.05) in the univariate analysis were selected into the multivariate Cox analysis to identify the factors associated with all-cause and CV mortality. A p < 0.05 was considered statistically significant. All statistical analyses were carried out using SPSS version 22.0 (SPSS Inc., Chicago, IL, USA) for Windows.




RESULTS


Clinical Characteristics of Study Patients

A total of 164 HD patients were included in this study. Table 1 lists the study patients' baseline characteristics. The median value of 10-year probability of hip fracture and major osteoporotic fracture were 3.35% and 8.35%, respectively. Eighty-five (51.8%) patients were classified as high risk of fracture based on FRAX. Patients with high risk of fracture were more likely to be older, had lower body mass index, lower GNRI, higher AoAC, lower femoral neck BMD, lower femoral neck T-score, and higher level of hs-CRP, compared to those with low risk of fracture.


Table 1. Comparison of baseline characteristics between maintenance hemodialysis patients with low or high risk of fracture assessed using FRAX.
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Relationship Between BTMs and Clinical Features in Maintenance HD Patients

We further explored the relationships between BTMs and clinical characteristics in HD patients. As shown in Table 2, P1NP, BALP, CTX and sclerostin were not significantly correlated with any of study patients' clinical features. Of note, DKK1 was negatively correlated with hemoglobin, total calcium level and femoral neck T-score. Furthermore, we compared the differences of BTMs in patients with 10-year probability of major osteoporotic fracture <20% or ≥20%. Levels of P1NP, BALP, CTX were lower, while levels of DKK1 and sclerostin were higher in patients with 10-year probability of major osteoporotic fracture ≥20%, but these differences did not achieve statistically significance, as shown in Figure 1A. BTMs demonstrated in a similar fashion in patients with 10-year probability of hip fracture <3% or ≥3% (Figure 1B), and in those with femoral neck T-score ≥-2.5 or < -2.5 (Figure 1C). Specifically, level of DKK1 was significantly higher (p = 0.004) in patients with femoral neck T-score < -2.5 when compared to patients with femoral neck T-score ≥-2.5.


Table 2. Univariate correlations between bone turnover markers and clinical characteristics in maintenance hemodialysis patients.
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FIGURE 1. Comparison of bone turnover marks in patients stratified by 10-year probability of major osteoporotic fracture <20% or ≥20% (A), 10-year probability of hip fracture <3% or ≥3% (B), and femoral neck T-score >-2.5 or ≤ -2.5 (C). *p = 0.004.




Factors Associated With All-Cause Mortality Using Cox Proportional Hazard Model

There were 39 (23.8%) deaths during a mean follow-up period of 3.5±1.0 years. The causes of mortality included CV death (n = 23), infectious disease or sepsis (n = 13), massive gastrointestinal bleeding (n = 2), and liver failure (n = 1). Figure 2A illustrates the Kaplan-Meier curves of survival according to low or high risk of fracture. Patients with high risk of fracture had a worse overall survival compare to those with low risk of fracture (Log-rank p < 0.001). In the univariate Cox proportional hazard analysis, high risk of fracture (hazard ratio [HR]: 4.281, 95% confidence interval [CI]: 1.966–9.322, p < 0.001), age ≥60 years, diabetes mellitus, coronary artery disease, higher hs-CRP, higher cardiothoracic ratio, higher AoAC, and lower GNRI were significantly associated with increased risk of all-cause mortality. In multivariate-adjusted Cox analysis, high risk of fracture (HR: 2.493, 95% CI: 1.026–6.056, p = 0.044) was independently associated with increased risk of all-cause mortality (Table 3).


[image: Figure 2]
FIGURE 2. Kaplan-Meier curves of all-cause mortality (log-rank p < 0.001) (A) and cardiovascular mortality (log-rank p = 0.004) (B) according to low or high risk of fracture based on FRAX.



Table 3. Factors associated with all-cause mortality in maintenance hemodialysis patients using Cox proportional hazards model.
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Factors Associated With CV Mortality Using Cox Proportional Hazard Model

During the follow-up period, there were 23 CV deaths, including fatal myocardial infarction (n = 4), fatal ventricular arrhythmia (n = 2), sudden cardiac death (n = 13), and fatal stroke (n = 4). Figure 2B displays the Kaplan-Meier curves of CV survival according to low or high risk of fracture. Patients with high risk of fracture had a worse CV survival compare to those with low risk of fracture (Log-rank p = 0.004). In the univariate Cox analysis, high risk of fracture (HR: 3.935, 95% CI: 1.459–10.614, p = 0.007), age ≥60 years, diabetes mellitus, higher AoAC, and lower GNRI were significantly associated with increased risk of CV death. In multivariate-adjusted Cox regression analysis, diabetes mellitus (HR: 2.646, 95% CI: 1.020–6.869, p = 0.046) and lower GNRI (HR: 0.888, 95% CI: 0.802–0.983, p = 0.022) were independent predictors of CV mortality, but high risk of fracture was not associated with CV mortality after adjusting by confounding variables (Table 4).


Table 4. Factors associated with cardiovascular mortality in maintenance hemodialysis patients using Cox proportional hazards model.
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DISCUSSION

In this study, we examined the association among FRAX, BTMs and mortality risk in maintenance HD patients. Our results revealed that high risk of fracture using FRAX independently predicted all-cause mortality in patients on chronic HD. Besides, lower GNRI was also an important predictor of CV death in these patients. However, none of BTMs was associated with mortality risk.

Our study highlights the prognostic significance of FRAX in patients undergoing HD. FRAX has been extensively used to estimate 10-year fracture risk in the general population in various countries, and it helps decision-making process in management of osteoporosis (12, 29). However, the utility of FRAX has been questioned as chronic kidney disease-mineral and bone disorder (CKD-MBD) and multiple comorbidities may drastically affect turnover and remodeling of bones in patients with kidney disease. Over the last couple of years, mounting evidence has indicated that FRAX performs as well in patients with CKD or ESKD as in the general population. Whitlock et al. reported that FRAX was significantly discriminated risk of fractures in nondialysis CKD patients (13). In addition, FRAX and major osteoporotic fractures had a stronger relationship in CKD patients when compared with those with preserved kidney function (13). Przedlacki et al. analyzed 718 HD patients in a 2-year prospective study, which demonstrated that FRAX was the strongest independent risk factor for major bone fractures (14). Thus, FRAX is recommended in assessment of fracture risk and intervention in patients with CKD or ESKD in the updated consensus report (30).

Fracture events would increase the risk of subsequent unfavorable outcomes. In HD patients, the post-fracture risk of death was 3.7-fold higher in HD patients than those without fracture (31). However, few studies have elucidated the association between FRAX and mortality. In a retrospective study, Sezgin et al. showed that high fracture risk category of FRAX was associated with higher one-year mortality rate in 94 elderly patients (32). Hayashi et al. reported that higher major osteoporotic risk using FRAX was a predictor of death among incident HD patients in Japan (33). The findings in the present study were in line with these works. As for peritoneal dialysis patients, study in regard to investigation of the utility or the role of FRAX remains lacking. Furthermore, we also found that lower GNRI was also an independent predictor of CV mortality in this study. In the assessment of nutritional status in chronic HD patients, GNRI is an accurate indicator (34). We included 10-year probability of hip fracture in addition to major osteoporotic fracture using FRAX, and GNRI as a reliable nutritional marker, and CV death for analysis, which were not considered in the work by Hayashi et al. (33). Malnutrition, inflammation, multiple comorbidities, and nutrient loss from dialysis were risk factors of protein energy wasting and associated with frailty in patients with ESKD (8, 35). Frailty was prevalent in ESKD and significantly increased overall mortality risk regardless of age (10, 36). Recently, an association between a higher FRAX-score and frailty has been recognized (37). Overlapped risk factors for frailty and FRAX, including age, female sex, smoking, alcohol intake, multimorbidity and micronutrient deficits, might underlie the association between FRAX and increased mortality risk. Malnutrition was also the risk factor of frailty (38), and this might explain why a lower GNRI was associated with unfavorable outcomes in our study.

The regulation of bone formation and resorption involving in CKD-MBD is complex. Additionally, Wnt/β-catenin pathway increases osetoblastogenesis and decreases osetoclastogenesis, and it also plays an important role in bone remodeling process of CKD-MBD (39). P1NP and BALP are the markers of bone formation, whereas CTX, DKK1, and sclerostin are the markers of bone resorption, and DKK1 and sclerostin can inhibit Wnt/β-catenin pathway (19). The associations among BTMs, fracture, and BMD remain controversial in HD patients. A previous study found BTMs (P1NP, BALP, and CTX) were not associated with fracture, but were negatively associated with hip BMD in ESKD (19). However, Iimori et al. reported that BALP was associated with fracture in HD patients (40). Furthermore, the relationships between sclerostin, DKK1 and bone turnover were contradictory in patients with CKD (41, 42). In our study, only DKK1 was significantly higher in patients with femoral neck T-score < -2.5 and was consistent with a prior study in CKD (42). This result might be related to Wnt/β-catenin pathway inhibition. We also demonstrated that BTMs were not helpful in prediction of mortality in HD patients. Although certain studies indicated the link between serum sclerostin and adverse outcomes (43, 44), a meta-analysis and a recent prospective study showed that it was not associated with overall and CV mortality in HD patients (45, 46). The controversy in prognostic significance of BTMs in maintenance HD patients may be attributed to the differences in method of BTMs measurement, study heterogeneity, and different observation time.

There were several study limitations. First, this study enrolled HD patients in a single hospital with relatively small sample size. Second, we did not investigate all known BTMs and we checked BTMs only once at baseline. Since the BTMs are dynamic markers as changes in bone turnover and mineralization in CKD-MBD, it may be difficult to clearly address the association between BTMs and mortality risk. Third, the association between FRAX and fracture was not assessed because we cannot obtain the fracture events that were diagnosed in other hospitals. Finally, because age is an essential variable in the FRAX algorithm, a large-scale cohort study with age-matched patients is needed to better elucidate the role of FRAX in predicting mortality among chronic HD patients.

In conclusion, our study demonstrated that high risk of fracture using FRAX and lower GNRI independently predicted all-cause and CV mortality, respectively, in patients with HD. However, BTMs were not able to predict mortality risk. FRAX, rather than BTMs, has an important role of prognostic significance in maintenance HD patients.
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