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 Implication for health policy/practice/research/medical education:
Bone degeneration of type 2 diabetes is known as brittle and hard to treat. This study demonstrated raloxifene, a selective estrogen recep-
tor modulator, altered bone degeneration for diabetic hemodialysis patients. Raloxifene treatment is useful and should be considered 
for type 2 diabetes women.

Background: Osteoporosis and chronic kidney disease are common conditions in older 
adults, and often occur concurrently. Bone disease is caused by increased bone turnover ac-
companying secondary hyperparathyroidism, and by factors such as bone metabolic disor-
der accompanying kidney disease and postmenopausal or age-related osteoporosis, even in 
hemodialysis patients. Raloxifene is commonly used for the treatment of postmenopausal 
osteoporosis in the general population, and may be a treatment option for osteoporosis in 
hemodialysis patients. However, the effects of raloxifene in hemodialysis patients with type 2 
diabetes have not been examined in detail.
Objectives: This study was performed to investigate the effects of raloxifene on bone turno-
ver markers and bone density in postmenopausal women with type 2 diabetes mellitus who 
were undergoing hemodialysis in Japan.
Patients and Methods: The subjects were 60 female patients on maintenance hemodialysis 
(non-diabetic, n=30; diabetic, n=30). Raloxifene hydrochloride (60 mg) was administered to 
14 diabetic patients and 14 non-diabetic patients for one year, and these patients were com-
pared with control groups (no raloxifene) of 16 diabetic patients and 16 non-diabetic patients. 
Serum levels of N-terminal cross-linking telopeptide of type I collagen (NTx), bone alkaline 
phosphatase, and intact parathyroid hormone (iPTH) were measured, and bone density was 
determined by quantitative heel ultrasound at the speed of sound (SOS) in the calcaneus dur-
ing this period.
Results: There were no significant differences in the levels of bone turnover markers except 
for iPTH after treatment of diabetic and non-diabetic patients with raloxifene for one year. 
SOS increased after treatment with raloxifene, but was significantly decreased in the control 
groups. Treatment with raloxifene resulted in a significant decrease in NTx and a significant 
increase in SOS in both diabetic and non-diabetic patients. There were no significant differ-
ences between the diabetic and non-diabetic patients who received raloxifene.
Conclusions: Treatment with raloxifene can suppress reduction in bone density in postmen-
opausal women with type 2 diabetes who are undergoing hemodialysis. 
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1. Background
Osteoporosis and chronic kidney disease (CKD) are 

common conditions in older adults, and both may be as-
sociated with hypertension and diabetes. Older persons 
are likely to have some degree of CKD and low bone min-
eral density (BMD). Hemodialysis patients (CKD stage 5D) 
typically have renal osteodystrophy, reflecting increased 
bone turnover accompanying secondary hyperparathy-
roidism. However, bone disease in hemodialysis patients 
is caused by factors such as bone metabolic disorder 
accompanying kidney disease and postmenopausal or 
age-related osteoporosis, as well as by renal osteodystro-
phy. Adynamic bone disease is common in hemodialysis 
patients with diabetic mellitus (1), and diabetes mellitus 
also has a major influence on bone metabolism in hemo-
dialysis patients. 

The metabolic and endocrine changes in diabetes may 
adversely affect bone quantity and/or quality, and increase 
the risk of fractures in the general population. Diabetic 
patients with normal kidney function typically have low 
bone turnover with reduced bone formation and, to a less-
er degree, bone resorption (2). A decrease in bone forma-
tion markers such as serum osteocalcin, and an increase 
in bone resorption markers such as serum tartrate-resis-
tant acid phosphatase occurs in type 1 diabetes mellitus 
(3). Patients with type 2 diabetes are at high risk of bone 
fracture even if their BMD is normal or high, and this in-
creased risk of fractures may be explained by poor bone 
quality (4). Sharifi et al. found that a higher level of HbA1c, 
a marker of blood glucose control, was related to lower 
lumbar spine density in diabetic women (5).

Amenorrhea and early menopause often occur in fe-
male hemodialysis patients due to hypoestrogenemia, 
and Weisinger et al. found that bone volume is decreased 
in these patients (6). These results suggest the involve-
ment of estrogen deficiency in bone disease in female 
hemodialysis patients. Raloxifene hydrochloride is a se-
lective estrogen receptor modulator (SERM) that has a 
lower carcinogenic risk than estrogen and beneficial ef-
fects on bone (7). Raloxifene is commonly used for the 
treatment of postmenopausal osteoporosis in the gen-
eral population, and the use of raloxifene for hemodialy-
sis patients has also been reported (8, 9). We previously 
showed that raloxifene improves low BMD in patients 
around the time of menopause, as well as in postmeno-
pausal hemodialysis patients of advanced age (10). Thus, 
this drug may also be a treatment option for osteoporo-
sis in hemodialysis patients, but the effects of raloxifene 
in hemodialysis patients with type 2 diabetes have not 
been examined in detail.

2. Objectives
The goal of this study was to compare changes in bone 

turnover markers and bone density over one year in fe-
male hemodialysis patients with type 2 diabetes who 
did and did not receive treatment with raloxifene. The 

changes in these parameters were also compared in simi-
lar groups of female hemodialysis patients who did not 
have type 2 diabetes.

3. Patients and Methods
3.1. Study Design

The subjects were 65 patients who underwent main-
tenance hemodialysis at Oyama Suginoki Clinic, Japan, 
between April 2007 and December 2009. The study was 
conducted according to the principles of the 1975 Decla-
ration of Helsinki. We obtained permission for the study 
from the local ethical committee of our institution, and 
all the patients provided their written informed consent 
prior to participation. Of the 65 patients, 5 were exclud-
ed because they had changes in their intact parathyroid 
hormone (iPTH) of more than ± 50% in the 4-month ob-
servation period, and we wished to avoid the influence 
of a large change in iPTH. For the remaining 60 patients, 
age, menstrual history, duration of dialysis, and causes 
of renal failure were recorded. All were postmenopausal 
females with a mean (± SD) age of 66.1 ± 10.9 years (range: 
50–87 years). The patients had been undergoing hemo-
dialysis for 4 months to 20.2 years (mean duration: 5.1 ± 
5.0 years), and were being treated twice or thrice weekly 
with standard bicarbonate dialysis using semisynthetic 
membranes (dialysis filter surface area: 1.3–2.0 m2). Dry 
weight was targeted in each case to achieve a normo-
tensive edema-free state. Thirty patients had diabetic 
nephropathy and 30 had non-diabetic nephropathy. All 
diabetic patients had type 2 diabetes, with 3 receiving 
insulin therapy, 4 taking sulfonylurea drugs, and 4 tak-
ing an α-glucosidase inhibitor. The remaining 19 diabetic 
patients were on diet therapy alone (i.e., were without 
drug therapy). The diabetic and non-diabetic groups of 
patients were randomly divided into a raloxifene group 
(n=14 each), in which 60 mg of raloxifene was adminis-
tered daily after the evening meal, and a control group 
(n=16 each), in which patients did not receive raloxifene.

In all four groups, pre-dialysis serum levels of calcium 
(Ca), phosphorus (P), iPTH, N-terminal cross-linking 
telopeptide of type I collagen (NTx; a bone resorption 
marker), and bone alkaline phosphatase (BAP; a bone for-
mation marker), were measured prior to treatment and 
at one year after treatment initiation. Serum iPTH was 
measured by IRMA (Allegro Intact PTH; Nichols Institute) 
with an intraassay 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 Bio-
systems) with an intraassay CV of 2.2% (11). Other parame-
ters were measured using standard laboratory methods.

Bone density was evaluated by quantitative heel ultra-
sound measured at the same time with a CM-100 ultra-
sound densitometer (Furuno Electric Co., Hyogo, Japan) 
after each hemodialysis session. The CM-100 measures 
the speed of sound (SOS) in the calcaneus with an intraas-
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say CV of about 0.2%. The SOS value has been shown to be 
significantly and positively correlated with lumbar BMD 
in the general population using methods such as dual-en-
ergy X-ray absorptiometry (DEXA) (12). The diagnostic cri-
terion of osteoporosis is a SOS value < 1479 m/s and the di-
agnostic criterion of osteopenia is a SOS value < 1501 m/s 
(12). In dialysis patients, SOS obtained from quantitative 
heel ultrasound has a significant correlation with BMD 
obtained by DEXA, although the sensitivity and specific-
ity of the SOS value is slightly lower than that in healthy 
subjects (13).

3.2 Statistical Analysis

Results are shown as means ± standard deviation. Dif-
ferences between diabetic and non-diabetic patients 
were analyzed by Mann-Whitney U-test (continuous vari-
ables) or Chi-squared analysis (categorical variables). 
Differences between the control and raloxifene groups 
were also analyzed by Mann-Whitney U-test (continous 
variables). All analyses were performed using StatView 
ver. 5.0® (Abacus Concepts, Inc., Berkeley, CA,USA) and 
JMP ver. 8® (SAS Institute, Cary, NC, USA) software, with 
P < 0.05 considered significant.

4. Results
The baseline characteristics of the patients are shown 

in Table 1. There were no significant differences in age, 

body mass index (BMI), and duration of hemodialysis 
(HD) between the diabetic and non-diabetic patients. 
There were also no significant differences in pre-dialysis 
serum levels of Ca, P, iPTH, BAP, NTx, and SOS between the 
two groups. Nor were there differences in medications 
for chronic kidney disease-mineral and bone disorder 
(CKD-MBD), hypertension, and anemia between the two 
groups.

One year after the start of raloxifene treatment, there 
were no significant differences in bone turnover mark-
ers between the control and raloxifene groups among 
the diabetic hemodialysis patients (Table 2). However, 
the SOS value in the raloxifene group was significantly 
higher than that in the control group among the dia-
betic patients. In the non-diabetic patients, there were 
no significant differences in bone turnover markers and 
SOS values between the control and raloxifene groups. 
Next, we investigated changes in bone turnover markers 
and SOS values from before to one year after treatment. 
There was a significant difference in the change in serum 
NTx (∆NTx) between the raloxifene and control groups 
in both diabetic and non-diabetic patients (Figure 1). The 
NTx concentrations increased in both control groups, 
but decreased in both raloxifene groups after one year of 
treatment; there was no significant difference in the in-
crement between the diabetic and non-diabetic patients. 
Changes in SOS (∆SOS) from before to one year after treat-
ment are shown in Figure 2. SOS decreased after one year 

Non-Diabetes Group Diabetes Group P value

Patients, No. 30 30

Age b, y 66.6 ± 11.4 65.7 ± 10.6 0.77

50-59, No.
60-69, No.
70-79, No.
80-89, No.

8
9
9
4

9
10
8
3

BMI b, kg/m2 21.2 ± 2.5 21.2 ± 2.0 0.93

Duration of HD b, c, y 5.5 ± 4.9 4.6 ± 5.3 0.47

HbA1c b, % - 5.73 ± 0.39

Ca b, mmol/L 2.28 ± 0.17 2.22 ± 0.11 0.12

P b, mmol/L 1.67 ± 0.40 1.70 ± 0.35 0.81

intact PTH b, c, ng/L 100.7 ± 79.6 78.2 ± 52.6 0.2

BAP b, c, µg/L 33.6 ± 19.2 29.9 ± 12.3 0.38

NTx b, c, nmol BCE/L 70.1 ± 27.9 65.4 ± 18.6 0.44

SOS b, c, m/s 1478.4 ± 30.1 1472.4 ± 21.5 0.38

Medication

CKD c-MBD c (calcium /  vitamin D / none)
Hypertension (ACEI c or ARB c / others / none)
Anemia (ESA c / none)

14/10/6
15/5/10
25/5

15/12/3
15/2/13
27/3

0.71
0.62
0.43

Table 1. Baseline Characteristics of Hemodialysis Patients With and Without Type 2 Diabetes a

a Data were analyzed by Mann-Whitney U-test or Chi-squared analysis
b Data are expressed as mean ± SD
c Abbreviations: ACEI, Angiotensin-converting enzyme inhibitor; ARB, Angiotensin II receptor blocker; ESA, Erythropoiesis stimulating agent; BAP, Bone 
alkaline phosphatase; HD, Hemodialysis; PTH, Parathyroid hormone; NTx, Telopeptide of type I collagen; SOS, Speed of sound; CKD-MBD, Chronic kidney 
disease-mineral and bone disorder
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in both control groups, but increased in both raloxifene 
groups. The increase in NTx and decrease in SOS in the 
control groups indicates acceleration of bone resorption 
with advanced age, suggesting a possible decline in bone 
density.

These results suggest that raloxifene suppresses bone 
resorption and increases SOS in both non-diabetic and 
diabetic female hemodialysis patients. The response to 
raloxifene did not differ significantly between diabetic 
and non-diabetic patients. During follow-up of the pa-
tients who received raloxifene, no cases of breast cancer, 
cervical carcinoma, or cerebral or myocardial infarction 
caused by thrombosis were detected.

5. Discussion
The disordered glucose metabolism that occurs in dia-

betes has a major effect on bone metabolism, even in 
hemodialysis patients with renal osteodystrophy. Hemo-
dialysis patients with diabetes are more likely to have 
adynamic bone disease (diagnosed as low bone turnover) 
than non-diabetic hemodialysis patients (1). This low 
bone turnover in diabetes may be due to direct suppres-
sion of PTH secretion, since it has been shown in vitro that 
a high glucose concentration impairs the function of 
parathyroid cells and reduces secretion of PTH (14). Low 
bone turnover is also thought to be promoted by reduced 
PTH secretion caused by nutritional deficiency in diabetic 
patients. In our study, there were no significant differenc-
es in the values of NTx (a bone resorption marker), BAP (a 
bone formation marker), iPTH, and SOS between diabetic 
and non-diabetic patients at baseline, but iPTH in diabetic 
patients was lower than in non-diabetic patients after 1 
year, which has also been reported previously. Kikunami 
et al. reported that the decrement in PTH levels in dia-
betic hemodialysis patients depended on the duration of 
hemodilaysis (15). Clinically, Inaba et al. showed that the 
serum PTH level in diabetic patients undergoing hemo-

Non-Diabetes Group Diabetes Group

P value b
All (n=30)

Control 
(n=16)

Raloxifene 
(n=14)

P valueb All (n=30)
Control 
(n=16)

Raloxifene 
(n=14)

P value b

BMI c, kg/m2 21.2 ± 2.2 21.3 ± 2.2 21.0 ± 2.4 0.75 21.1 ± 1.8 21.2 ± 2.1 21.1 ± 1.4 0.81 0.99

HbA1c, % - - - - 5.74 ± 0.73 5.82 ± 0.69 5.64 ± 0.78 0.54 -

Ca c, mmol/L 2.21 ± 0.15 2.21 ± 0.13 2.21 ± 0.17 0.99 2.19 ± 0.15 2.13 ± 0.14 2.27 ± 0.14 0.01 0.59

P c, mmol/L 1.59 ± 0.31 1.58 ± 0.33 1.60 ± 0.30 0.85 1.63 ± 0.29 1.56 ± 0.23 1.71 ± 0.29 0.13 0.59

intact PTH, ng/L 99.2 ± 67.9 104.2 ± 63.8 93.5 ± 74.5 0.67 63.9 ± 40.6 71.9 ± 40.5 54.7 ± 40.1 0.25 0.02

BAP c, µg/L 46.3 ± 29.8 49.4 ± 27.5 42.8 ± 32.9 0.55 49.9 ± 21.5 51.8 ± 25.2 47.8 ± 16.9 0.61 0.58

NTx c, nmol BCE/L 68.9 ± 28.4 74.2 ± 33.7 62.7 ± 20.2 0.27 60.6 ± 22.4 63.5 ± 25.5 57.2 ± 18.7 0.44 0.21

SOS c, m/s 1475.8 ± 34.6 1465.5 ± 34.9 1487.6 ± 31.3 0.08 1474.1 ± 26.2 1464.2 ±12.0 1485.4 ± 33.4 0.02 0.82

Table 2. Clinical Parameters (Mean ± SD) Measured After one Year in the Raloxifene and Control Groups in Hemodialysis Patients With and Without Type II Diabetes

b Data between the control and raloxifene group and between the non-diabetes and diabetes groups were analyzed by Mann-Whitney U-test.
c Abbreviations: BMI, Body mass index; Ca, Calcium; P, Phosphorus; PTH, Parathyroid hormone; NTx, N-terminal cross-linking telopeptide of type I; SOS, 
Speed of sound; BAP, Bone alkaline phosphatase

Values are shown as means ± SD. 
Data were analyzed by Mann-Whitney U-test.
N.S.: Non Significat

Figure 1. Changes in Serum NTx Concentrations (Value at 1 Year - Pre-Treatment 
Value) Over 1 Year in Hemodialysis Patients With and Without Diabetes Who 
Were (Raloxifene Group) and Were Not (Control Group) Treated with Raloxifene. 

Values are shown as means ± SD. 
Data were analyzed by Mann-Whitney U-test.
N.S.: Non Significat

Figure 2. Changes in SOS Values Over 1 Year in Hemodialysis Patients With 
and Without Diabetes who Were (Raloxifene Group) and Were Not (Control 
Group) Treated with Raloxifene. 
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dialysis is significantly lower than that in non-diabetic 
hemodialysis patients (16). Another study showed that 
osteoblast function is impaired by apoptosis induced by 
advanced glycation end-products (17).

Administration of estrogen has been shown to signifi-
cantly increase BMD in lumbar vertebrae after one year 
in postmenopausal dialysis patients (18). Estrogen has a 
well-known osteoprotective action and suppresses acti-
vation of osteoclasts by PTH (19). In contrast, the action 
of PTH on bone resorption is enhanced under the condi-
tion of estrogen deficiency (20). In general, hemodialysis 
patients have secondary hyperparathyroidism. In female 
hemodialysis patients, bone resorption might be acceler-
ated by menopause (estrogen deficiency), and there is a 
high risk of further decline in BMD compared to male he-
modialysis patients. Taken together, these findings sug-
gest that administration of estrogen might be effective 
for inhibition of bone resorption in female hemodialysis 
patients. Raloxifene is an estrogen agonist in bone that 
is currently approved for the prevention and treatment 
of osteoporosis. SERMs are thought to increase bone 
mass volume by binding to the estrogen receptor (ERα) 
on osteoclasts and inhibiting production of Fas ligand in 
these cells (21). Binding of the Fas ligand to the Fas recep-
tor induces apoptosis of osteoclasts, and therefore bind-
ing of a SERM to the ERα receptor suppresses apoptosis 
and bone absorption.

Studies specifically targeting osteoporosis in individu-
als with diabetes have not been performed, and there-
fore treatment recommendations for osteoporosis in 
diabetic patients follow other guidelines, such as those 
for postmenopausal women in the general population. 
Moreover, there are no guidelines for the treatment of 
osteoporosis in hemodialysis patients with diabetes. To 
the best of our knowledge, studies specifically targeting 
osteoporosis in diabetic hemodialysis patients have not 
been performed, and our study is the first interventional 
study targeting osteoporosis in diabetic hemodialysis 
patients. 

Our study was limited by the small number of subjects, 
but we did find that treatment with raloxifene for one 
year increased SOS in both diabetic and non-diabetic he-
modialysis patients. This result suggests that raloxifene 
is beneficial for all menopausal hemodialysis patients, 
regardless of the presence of diabetes. However, BMD 
itself does not predict fracture and mortality in dialysis 
patients, in contrast to findings in the general popula-
tion (12). The KDIGO clinical practice guidelines for CKD-
MBD recommend that secondary hyperparathyroidism 
should be addressed first in bone disease in dialysis pa-
tients (22). An additional examination by bone biopsy 
is recommended prior to therapy with antiresorptive 
agents in dialysis patients with low BMD, but this is a 
difficult and invasive procedure. Both renal osteodystro-
phy and osteoporosis can lead to increased bone fragil-
ity and fracture. Therefore, suppression of the decrease 
in BMD by raloxifene might be beneficial for decreasing 

bone fragility in hemodialysis patients with low BMD.
This study had particular limitations. First, it was not 

population based, nor were all participants enrolled 
from identical populations; thus, selection bias could 
have occurred. The sample was also not large enough to 
make any definitive conclusions. Second, the patients 
enrolled in this study were treated at Oyama Suginoki 
Clinic only, and might not be representative of average 
Japanese diabetic hemodialysis patients.

In conclusion, this study suggests that the reduction in 
BMD caused by postmenopausal osteoporosis is involved 
in the development of bone disease in female hemodi-
alysis patients with type 2 diabetes, and that raloxifene 
hydrochloride can improve low BMD in these patients as 
well as in non-diabetic female hemodialysis patients.
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