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Abstract 
 

Osteoporosis and chronic kidney disease (CKD) are common conditions in older 

adults and often occur concurrently. Hemodialysis patients typically have renal 

osteodystrophy as the bone-disease component of chronic kidney disease - mineral and 

bone disorder (CKD-MBD). However, some hemodialysis patients have much lower 

bone mineral density (BMD), which may be due to postmenopausal or age-related 

osteoporosis. In this chapter, we evaluated the involvement of estrogen deficiency in 

bone disease in female hemodialysis patients. 

The subjects in the first part of the study were 115 adult hemodialysis patients 

(57 males and 58 females). In April 2006, serum levels of N-terminal cross-linking 

telopeptide of type I collagen (NTx), bone alkaline phosphatase (BAP), and intact 

parathyroid hormone (iPTH) were measured as bone turnover markers; and bone density 

was determined by quantitative heel ultrasound as the speed of sound (SOS) in the 

calcaneus. A significant positive correlation between age and NTx levels and a 

significant negative correlation between age and SOS values were found in female 

subjects; however, neither of these correlations was present in males. Episodes of bone 

fracture were assessed for 1 year from April 2006 to April 2007. Eight patients (2 males, 

6 females) had bone fracture and the NTx levels in April 2006 and age were elevated in 

these patients. These results suggest that low bone density due to postmenopausal 

osteoporosis might accelerate bone frailty in female hemodialysis patients and that the 

NTx level might be an effective marker for postmenopausal osteoporosis. 

To examine these results, in the second part of this chapter we investigated the 

effects of raloxifene, a selective estrogen receptor modulator (SERM), on bone turnover 

markers and bone density in female hemodialysis patients. Raloxifene hydrochloride 

(60 mg) was administered daily after the evening meal for one year and NTx, BAP, iPTH 
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and SOS were evaluated. NTx significantly decreased after treatment with raloxifene for 

one year, but significantly increased in the control group; whereas SOS significantly 

increased after treatment with raloxifene for one year, but significantly decreased in the 

control group.  

This chapter indicates that reduction of BMD caused by estrogen deficiency is 

involved in development of bone disease in female hemodialysis patients, and that 

raloxifene improves low BMD even in postmenopausal females complicated with CKD-

MBD. 

 

 

Introduction 
 

Osteoporosis and chronic kidney disease (CKD) are both common conditions of older 

adults and both may be associated with substantial morbidity [1]. Older persons are likely to 

have both early stage CKD (stage 1 through to early stage 3) and low BMD due to 

postmenopausal or age-related osteoporosis.  

Hemodialysis patients (CKD stage 5D) typically have renal osteodystrophy, reflecting 

increased bone turnover accompanying secondary hyperparathyroidism as the bone-disease 

component of chronic kidney disease - mineral and bone disorder (CKD-MBD). However, 

bone disease in hemodialysis patients is also caused by factors such as bone metabolic 

disorder accompanying kidney disease and postmenopausal or age-related osteoporosis. The 

factors that contribute to bone diseases may differ depending on the background of patients 

undergoing hemodialysis.  

Both renal osteodystrophy and osteoporosis can lead to increased bone fragility and 

fractures. In turn, bone fragility depends on varying combinations of low bone mineral 

content and abnormal bone quality. However, the extent to which the degree of 

postmenopausal osteoporosis is involved in bone disease in hemodialysis patients remains 

unclear. 

Amenorrhea and early menopause commonly occur in female hemodialysis patients due 

to hypoestrogenemia, and Weisinger et al. found that bone volume is decreased in these 

patients [2]. These results suggest involvement of postmenopausal osteoporosis in bone 

disease in female hemodialysis patients. Raloxifene hydrochloride, an estrogen agonist in 

bone, is a selective estrogen receptor modulator (SERM) that is currently approved for the 

prevention and treatment of osteoporosis [3].  

Raloxifene is commonly used for treatment of postmenopausal osteoporosis in the 

general population. Only a small fraction of raloxifene is cleared by the kidney [4] and 

raloxifene has been used for treatment of hemodialysis patients [5]. Thus, raloxifene is likely 

to be a treatment option for osteoporosis in hemodialysis patients, but the effects of the drug 

in patients of different age groups have not been examined in detail.  

In this chapter, we first investigated bone turnover markers and bone density to determine 

the involvement of postmenopausal osteoporosis in male and female hemodialysis patients. 

We then investigated the effects of raloxifene on bone turnover markers and bone density in 

postmenopausal female hemodialysis patients.  
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Methods 
 

Study Design 
 

A total of 115 adult patients (57 males, 58 females) who were receiving maintenance 

hemodialysis at Oyama Suginoki Clinic in Japan were enrolled in the study in April 2006. 

The study was conducted according to the principles of the Declaration of Helsinki and with 

approval from the local ethics committee of our institution. All the patients provided written 

informed consent prior to participation. Pre-dialysis serum levels of calcium (Ca), phosphorus 

(P), intact PTH (iPTH); N-terminal cross-linking telopeptide of type I collagen (NTx), a bone 

resorption marker, and bone alkaline phosphatase (BAP), a bone formation marker, were 

measured in April 2006. Serum iPTH was measured by an IRMA (Allegro Intact PTH; 

Nichols Institute) with an intraassay coefficient of variations (CV) of 4.8%. Serum NTx was 

measured by ELISA (Osteomark NTX serum; Ostex International) with an intraassay CV of 

4.6%. Serum BAP was measured with an enzyme immunoassay (ALK-PHASE-B; Metra 

Biosystems) with an intraassay CV of 2.2% [6]. Other parameters were measured by standard 

laboratory methods. Bone density was evaluated by quantitative heel ultrasound measured at 

the same time points using a CM-100 ultrasound densitometer (Furuno Electric Co., Hyogo, 

Japan) after hemodialysis session. The CM-100 measures the speed of sound (SOS) in the 

calcaneus with an intraassay CV of about 0.2% [7]. The SOS value is significantly positively 

correlated with lumbar BMD using methods such as dual-energy X-ray absorptiometry 

(DEXA) in the general population. The diagnostic criteria of osteoporosis was below 1479 

m/s and the diagnostic criteria of osteopenia was below 1501 m/s in SOS value measured by 

CM-100 [7].
 
Episodes of bone fracture in 115 hemodialysis patients were assessed for 1 year 

from April 2006 to April 2007. 

In the second part of the study, 53 female patients who were receiving maintenance 

hemodialysis at Oyama Suginoki Clinic were initially enrolled in an interventional study on 

the effects of raloxifene hydrochloride (Evista®) between April 2007 and August 2008. Of 

these patients, 47 in whom changes in iPTH were < ±50% in a 4-month observation period 

were selected for the interventional study. This exclusion criterion was used to avoid the 

influence of a large change in PTH. Age, menstrual history, duration of dialysis, and causes 

of renal failure were recorded. The 47 subjects included 6 premenopausal and 41 

postmenopausal females with a mean ( SD) age of 63.8  13.3 years old (range: 40 - 87 

years old).  

All 6 premenopausal patients had climacteric syndrome and irregular menstruation, 

indicating that they were close to menopause. Fifteen of the patients had diabetic nephropathy 

and 32 had non-diabetic nephropathy.  

The 47 patients were randomly divided into two groups using the random number table 

method: the raloxifene group (n=21) and the control group (n=26). In the raloxifene group, 60 

mg of raloxifene was administered daily after the evening meal. In both groups, pre-dialysis 

serum levels of Ca, P, iPTH, NTX, and BAP were measured pre-treatment and one year after 

treatment. Bone density was measured at the same time points using a CM-100 ultrasound 

densitometer. 
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Statistical Analysis 
 

Results are shown as means ± SD, unless otherwise noted. Spearman correlation analysis 

was performed to determine correlations between age and NTx levels or SOS values. 

Comparisons between two groups were assessed by unpaired t-test for normally distributed 

data, by Wilcoxon rank sum test for non-normal distributions, and by 
2
 test for nominal 

variables. All analyses were conducted using JMP ver. 8 (SAS Institute, Cary, NC, USA) 

software with P<0.05 considered to be significant. 

 

 

Results 
 

At baseline (April 2006) there were significant correlations between age and NTx levels 

in female dialysis patients. Analysis by age groups showed that NTx started to increase after 

60 years of age and peaked in the eighties, indicating that the increase in NTx becomes 

significant after menopause (Figure 1). However, there was no correlation between age and 

NTx levels in male dialysis patients (Figure 2). A significant negative correlation was found 

between SOS measured by the CM-100 and age in females (Figure 3), but not in males 

(Figure 4). Age was not correlated with iPTH or BAP in male or female patients (data not 

shown). A high NTx level suggests accelerated bone resorption and a possible decline in bone 

density, and the increase in NTx and decrease of SOS with increased age in female 

hemodialysis patients indicates an influence of postmenopausal osteoporosis. 

Episodes of bone fracture were assessed in 115 hemodialysis patients for 1 year from 

April 2006 to April 2007. Eight patients (6.9%; 2 males, 6 females) had bone fracture.  

 

 
There was a significant positive correlation between serum NTx concentrations and age: NTx = 10.92 + 

1.25  age, r= 0.33, p<0.05. 

Figure 1. Relationship of serum NTx levels with age in 58 female hemodialysis patients. 
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There was no significant correlation between serum NTx concentrations and age. 

Figure 2. Relationship of serum NTx levels with age in 57 male hemodialysis patients. 

 

There was a significant negative correlation between SOS and age: SOS = 1571.83 – 1.49  age, r= -

0.63, p<0.01. 

Figure 3. Relationship of SOS values with age in 58 female hemodialysis patients. 

The patients with fracture were significantly older (73.1  9.0 vs. 63.7  8.1 years old) 

and had a higher baseline NTx level (146.2  37.7 vs. 70.1  10.6 nmol BCE/L) compared to 

non-fracture patients. There were no significant differences in Ca, P, iPTH, BAP and SOS 

between the fracture and non-fracture patients. 
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There was no significant correlation between SOS and age. 

Figure 4. Relationship of SOS values with age in 57 male hemodialysis patients. 

Table 1. Baseline characteristics of the 47 patients in the interventional study 

 

Item All Control  Raloxifene P value 

N 47 26 21  

Age (years) 63.8±13.3 62.8±14.5 65.1±11.9 0.55 

40-49 8 6 2  

50-59 11 5 6  

60-69 10 5 5  

70-79 10 5 5  

80-89 8 5 3  

Menstruation (+) / (-) 6/41 4/22 2/19 0.58 

BMI 21.4±2.3 21.4±2.4 21.4±2.2 0.96 

Duration of HD (years) 5.8±5.1 6.7±4.6 4.7±5.6 0.21 

DM (+) / (-) 15/32 7/19 8/13 0.53 

Ca (mg/dL) 9.14±0.61 9.10±0.62 9.18±0.59 0.65 

P (mg/dL) 5.27±1.31 5.24±1.41 5.32±1.19 0.46 

intact PTH (pg/mL) 94.8±58.5 96.1±59.4 93.3±57.5 0.89 

BAP (µg/L) 31.0±16.2 30.4±14.6 31.7±18.2 0.78 

NTX (nmol BCE/L) 66.8±24.6 66.2±28.6 67.5±19.1 0.85 

SOS (m/s) 1479.0±29.9 1479.9±29.9 1477.9±30.5 0.81 

Values are shown as the mean ± SD. 
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Table 2. Changes of clinical parameters in the raloxifene and control groups 

 

    Control Raloxifene p-value 

Ca (mg/dL) Pre-treatment 9.10±0.62 9.18±0.59 0.65 

 1 year  9.32±0.57 9.30±0.61 0.81 

P (mg/dL) Pre-treatment 5.24±1.41 5.32±1.19 0.46 

 1 year  5.61±1.18 5.69±1.19 0.76 

intact PTH (pg/mL) Pre-treatment 96.1±59.4 93.3±57.5 0.89 

 1 year  96.4±51.0 81.2±54.7  0.41 

BAP (µg/L) Pre-treatment 30.4±14.6 31.7±18.2 0.78 

 1 year  49.4±15.1 46.5±16.3 0.72 

NTX (nmol BCE/L) Pre-treatment 66.2±28.6 67.5±19.1 0.85 

 1 year  72.1±15.6 60.3±14.4 0.12 

SOS (m/s) Pre-treatment 1479.9±29.9 1477.9±30.5 0.81 

  1 year  1466.8v10.9 1487.8±10.8 0.02 

Values are shown as the mean ± SD. 

 

 

Figure 5. Changes of serum NTx concentrations (value at 1 year - pre-treatment value) over 1 year in 

female hemodialysis patients treated with raloxifene and in a control group of patients who did not 

receive raloxifene. 

The baseline characteristics of the 47 female patients in the interventional study are 

shown in Table 1. There were no significant differences in age, BMI, menopausal status 

(pre/post), duration of hemodialysis, and rate of diabetes mellitus between the raloxifene and 

control groups. There were also no significant differences in pre-dialysis serum levels of Ca, 

P, iPTH, BAP, NTx and SOS between the two groups. At one year after the start of raloxifene 

treatment, there were no significant differences in bone turnover markers, except for SOS, 

between the two groups (Table 2). 
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Figure 6. Changes of SOS values over 1 year in female hemodialysis patients treated with raloxifene 

and in a control group of patients who did not receive raloxifene. 

We next investigated the changes in NTx and SOS values in subgroups of age to evaluate 

the effect of raloxifene in postmenopausal patients. As shown in Figure 5, NTx tended to be 

increased in all age subgroups in the control group after one year, but tended to be decreased 

in all age subgroups in the raloxifene group. In particular, there were significant differences in 

the change in serum NTx (NTx) from before to one year after treatment in the 50s, 70s and 

80s age subgroups. Changes in SOS from before to one year after treatment are shown for the 

age subgroups in Figure 6. For each subgroup, SOS decreased after one year in the control 

group, whereas SOS increased at all ages in the raloxifene group, with significant increases in 

the 50s and 70s age subgroups. These results suggest that raloxifene treatment suppresses 

bone resorption and increases SOS in patients at close to the time of menopause and in 

postmenopausal patients of advanced age. 

In follow-up of the patients who received raloxifene, there were no cases of breast cancer, 

cervical uterus carcinoma, or cerebral or myocardial infarction caused by thrombosis. 

 

 

Discussion 
 

Active osteoblasts secrete procollagen type I, and the propeptides at both the C- and N-

termini are immediately cleaved and can be measured in serum. The collagen molecules are 

then covalently bonded through pyridinoline cross-linking. Fragments containing these 

pyridinoline links are released during bone resorption, and the N-terminal end of this peptide, 

NTX, serves as a bone resorption marker [8]. These collagen-based markers have been 

studied in the general population, wherein there are significant but moderate correlations with 

bone-formation/resorption rates in uremic patients [9], and the markers are increased after 

fracture [10]. Bone turnover markers are also suitable for evaluating bone metabolism over 
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time and are useful for predicting the suppression of bone resorption. Hochberg et al. found 

that the prevalence of non-vertebra fracture was lower in patients with inhibited bone 

resorption, and that bone metabolism is an independent factor predicting bone fracture [11]. 

Some bone turnover markers, including NTx, are excreted by the kidney, and therefore 

the serum concentrations may merely represent accumulation, rather than bone turnover in 

CKD patients. Thus, collagen-based markers of bone turnover measured in the serum in CKD 

patients have higher levels compared to those in the general population [12]. However, since 

all the subjects in the current study were hemodialysis patients and clearance by the kidney is 

almost same in these patients, the serum concentration of bone turnover markers may 

represent the status of bone metabolism, instead of accumulation. Also, we excluded some 

patients to avoid the influence of a large change in PTH. The KDIGO guidelines indicate that 

serum bone turnover markers cannot predict fractures or other clinical outcomes in dialysis 

patients [13]. However, a few studies have shown significant correlations between collagen 

cross-linking molecules and the rate of bone formation in hemodialysis patients [14]. With 

raloxifene treatment, a change in osteocalcin was found to be a better predictor of fracture 

incidence compared to the change in BMD [15]. In the current study, changes of serum NTx 

were related to changes in SOS values, and thus represent the status of bone metabolism. 

Therefore, the results of previous work and those in our study suggest that the sequential 

changes of bone turnover markers over time, and not the level at a single time point, are 

indicative of a change in bone volume, which is determined by bone balance in hemodialysis 

patients. Moreover, bone turnover markers might be helpful in identifying those patients who 

are likely to respond to osteoporosis medications. 

Fracture risk is related to BMD and bone quality in hemodialysis patients, as well as in 

the general population. Thus, some hemodialysis patients have low BMD and a 

corresponding high risk of fracture, which is of importance since fracture is associated with 

increased morbidity and mortality in CKD patients [16]. In the 2007 annual survey of bone 

fracture in Japanese hemodialysis patients performed by The Japanese Society for Dialysis 

Therapy, sex (women), malnutrition (low BMI, low creatinine, low albumin) and diabetes 

mellitus were found to be significant risk factors for bone fracture; however, the PTH level 

was not a significant risk factor [17]. These results indicate that female gender itself is a risk 

factor for bone fracture. Our study showed a significant decrease of SOS and an increase of 

NTx with increased age in female hemodialysis patients, but not in male hemodialysis 

patients; and a significantly higher age and NTx level in patients with bone fracture. Taken 

together, these results suggest that postmenopausal osteoporosis has a major influence on 

bone metabolism in dialysis patients. 

Matuszkiewicz-Rowinska et al. found that bone density in lumbar vertebrae was 

significantly increased one year after the start of estrogen administration in postmenopausal 

dialysis patients [18]. Estrogen has a well-known osteoprotective action and acts on 

osteoblasts and stroma cells and suppresses activation of osteoclasts by PTH [19]. Moreover, 

the action of PTH on bone resorption is enhanced under a condition of estrogen deficiency 

[20]. Thus, estrogen appears to influence the action of PTH. Using the NTx/PTH ratio as an 

index of PTH sensitivity, Hamano et al. found that NTx/PTH was 1.5-times higher in 

postmenopausal women than in men and had an inverse relationship with estradiol 

concentration [21]. These findings agree with our results showing that NTx increased 

significantly with advanced age in women over 60 years old. Thus, in female dialysis 
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patients, bone resorption is accelerated by menopause (estrogen deficiency) and there is a risk 

of a further decline in bone density. 

Administration of a SERM such as raloxifene, rather than estrogen itself, is standard 

treatment for postmenopausal osteoporosis in women with normal kidney function. The effect 

of raloxifene has also been examined in hemodialysis patients. In a randomized control trial, 

raloxifene increased lumbar BMD in female hemodialysis patients at more than 2 years after 

menopause [5]. Moreover, the results of a post hoc study in CKD patients with a serum 

creatinine level <2.6 mg/dl, performed as part of the Multiple Outcomes of Raloxifene 

Evaluation trial, showed that the risk of vertebral fracture decreased with raloxifene treatment 

regardless of the degree of kidney dysfunction [22]. The results of the current study support 

these previous findings, since treatment with raloxifene was found to be effective for 

increasing bone density even in women over 70 years old. This suggests that raloxifene is 

effective not only for women just after menopause, but also for women many years after 

menopause. Thus, SERMs may be effective for suppressing a decline in bone density even in 

women of advanced aged who have almost lost ovary function. SERMs are thought to 

increase bone mass volume by binding to estrogen receptors (ER) on osteoclasts and 

inhibiting production of Fas ligand by osteoclasts [23]. Since self-apoptosis occurs after 

binding of Fas ligand to the Fas receptor on osteoclasts, binding of a SERM to the ER 

receptor suppresses apoptosis and bone absorption. 

In the current study, bone density was assessed at the calcaneus by quantitative heel 

ultrasound using a CM-100 densitometer. For diagnosis of osteoporosis, assessment of bone 

density is often performed using methods such as DEXA. However, quantitative heel 

ultrasound is more convenient than DEXA and repeated measurements can be performed 

safely. Comparison of quantitative heel ultrasound and DEXA in dialysis patients has shown 

that the SOS value obtained from quantitative heel ultrasound is significantly correlated with 

results obtained by DEXA, although the sensitivity and specificity of the SOS value are lower 

[24]. Thus, quantitative heel ultrasound is a reliable method that is suitable for monitoring 

changes in bone density over time. 

In dialysis patients, the relationship between BMD and fracture is not as strong as that in 

the general population [13]. The reason for the poor performance of BMD in CKD patients is 

not well defined, but it is possible that these patients have poor bone quality that cannot be 

measured by absorptiometry. However, there are several reports showing a significant 

relationship between BMD and fracture. In a study of 242 patients, Elder and Mackun found a 

lower BMD at the hip in cases with fragility fractures, and a trend toward a lower spine BMD 

[25]. The KDIGO guidelines indicate that BMD itself does not predict fracture and mortality 

in dialysis patients, in contrast to the general population [13]; however, both poor bone 

quality and low BMD can lead to increased bone fragility and fracture. Therefore, 

suppression of the decrease in BMD by raloxifene might be beneficial for decreasing bone 

fragility in hemodialysis patients with osteoporosis (diagnosed as low BMD). 

 

 

Conclusion 
 

The results of this chapter suggest that reduction in bone density caused by 

postmenopausal osteoporosis is involved in the development of bone diseases in female 
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hemodialysis patients and that raloxifene hydrochloride is effective for improving bone 

density in patients around the time of menopause and in postmenopausal patients of advanced 

age. Management of osteoporosis in hemodialysis patients is important for prevention of bone 

fracture. Our results indicate that raloxifene is a treatment option for osteoporosis in female 

hemodialysis patients.  
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