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Introduction: Our aim in this study was to detect the presence and the grade of mitral and aortic calcification, and aor-
tic stiffness, and the relationship between bone mineral density (BMD) and vascular calcification in patients undergoing 
hemodialysis.
Methods: Patients participating in the hemodialysis program were included in the study. Echocardiography was performed 
to determine the presence of mitral and aortic calcification, as well as aortic stiffness. The BMD was measured using dual 
energy x-ray absorptiometry (DEXA) from the radial region of the arm without an arteriovenous fistula, and from the lumbar 
and femoral regions. The BMD values were classified as T and Z scores.
Results: Sixteen female and 36 male patients were included in the study. Mitral valve calcification was detected in 22 (42.3%) 
and aortic valve calcification in 25 (48.1%) patients. Aortic valve calcification and aortic stiffness were correlated with age 
and parathormone. Aortic stiffness was correlated with the calcium–phosphorus product. There was a correlation between 
the radial region Z score and aortic stiffness. The radial region T score was consistent with osteoporosis in both genders. The 
results of the radial region BMD were associated with gender and duration of dialysis.
Discussion and Conclusion: Age was associated with both aortic valve calcification and aortic stiffness, whereas aortic and 
mitral valve calcification and aortic stiffness were not correlated with the femoral, lumbar, and radial region bone mineral 
densitometry results. The DEXA results for the radial region may provide more accurate information about bone density in 
patients undergoing hemodialysis.
Keywords: Bone density; chronic renal failure; DEXA; echocardiography; vascular calcification.

End-stage renal failure results in the development of car-
diovascular alterations. The risk of vascular calcification 

increases parallel with a reduced renal function. Cardiovas-
cular calcification is associated with cardiovascular events 

and clinical outcomes that increase mortality. In most of the 
cases with vascular calcification, the central mechanism is 
an abnormal bone metabolism. Osteoporosis is generally 
detected due to low bone mineral densitometry findings. 
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Both idiopathic osteoporosis and renal osteodystrophy 
cause an increased bone fragility and fractures. However, 
these disorders have different pathophysiological features.

A total of 52 patients in a routine hemodialysis program 
were evaluated prospectively to assess the relationship be-
tween vascular and cardiac calcification and osteoporosis 
in patients undergoing hemodialysis and to determine risk 
factors.

Materials and Methods 
A total of 52 patients in the routine hemodialysis program 
in our hospital were included in the study. Patients with 
known cardiovascular diseases were excluded.

Signed informed consent forms were obtained from all 
patients who agreed to participate in the study. An ethics 
committee approval was obtained.

Demographic characteristics of the patients were recorded. 
A detailed clinical history was obtained from all patients. 
Known cardiovascular risk factors, hypertension and lipid 
disorders, diabetes mellitus (DM), smoking history, a family 
history of cardiovascular disease, and drugs that were used 
continuously were recorded.

The time since the onset of hemodialysis treatment was ex-
pressed in months.

Laboratory parameters including urea, creatinine, calcium, 
phosphorus, alkaline phosphatase, albumin, hemoglobin, 
C-reactive protein (CRP), ferritin, low-density lipoprotein, 
cholesterol, triglyceride, high-density lipoprotein, bicar-
bonate, and parathormone (PTH) levels were measured. 
Calcium measurements were recorded according to ad-
justed albumin values. These measurements were made 
using an ARCHITECT C-8000 (ABBOTT) device. PTH was 
measured with a COBAS e 411 (ROCHE) device. Hemoglobin 
was measured using a Cell Dyn-3700 (ABBOTT) device.

Body mass index (BMI) was calculated according to the fol-
lowing formula: weight (kg)/height (cm)². Patients’ BMI was 
calculated based on the measurements taken between the 
days of dialysis sessions.

For transthoracic two-dimensional (2-D), M-mode and 
color flow, Doppler measurements, an ACUSON Sequoia 
C512–branded echocardiography device (Siemens, Moun-
tain View, Atlanta, USA) with a 4 MHz transducer was used. 
Echocardiographic evaluation was performed by the same 
cardiologist who was blinded to clinical data on the day 
when patients did not undergo dialysis.

The aortic stiffness index (AS) was calculated using the 

following formula: AS=log(SBP/DBP)/(Aomax−Aomin)/
Aomin.

The following parameters were determined by transverse 
parasternal projection: the aortic valve area (AVA-cm²) and 
the mitral valve area (MVA-cm²).

In addition, aortic semilunar and mitral valve calcifications 
were evaluated (19), and patients were divided into those 
whose heart valves were with and without calcification.

Patients’ bone mineral densitometry measurements were 
performed by dual energy X-ray absorptiometry (DEXA) 
from the lumbar vertebrae, forearm, and femoral regions 
(Hologic QDR 4500, Hologic, Inc., Wallham, Mass, USA). 
With this technique, bone density per bone unit area was 
expressed in grams/cm2. Absolute BMD values and Z and 
T scores of femoral and lumbar vertebrae and distal radius 
were recorded.

Distal-radius bone density was measured from the arm 
without an arteriovenous fistula. The femoral, vertebral, 
trabecular bone, radius, and cortical bone densities were 
evaluated. Measurements were evaluated according to 
standard deviation related to a young-age population of 
the same gender relative to the T score; According to the 
criteria by the World Health Organization, these scores 
were interpreted as follows: normal ( 0.1 to −1.0), osteope-
nia (−1.0 to −2.5), and osteoporosis (<−2.5). The Z score 
was measured relative to the age- and gender-matched 
population. A statistical analysis was performed using the 
SPSS 17.0 program. Descriptive analysis, chi-square test, 
the Kruskal–Wallis test, and T test were used. Correlation 
coefficient was calculated by Pearson’s correlation analysis. 
A p-value less than 0.05 was considered to be statistically 
significant. 

Results
The study population included 52 patients (16 females 
[30.8%] and 36 males [69.2%]). The mean age was 
56.69±13.96 years. The mean age of female and male pa-
tients was 56.38±11.78 and 56.83±14.98 years, respectively. 
Thirteen patients (25%) were diagnosed with DM.

Patients were in the routine hemodialysis program 3 days 
a week for 4 hours. They were receiving calcitriol and phos-
phorus-binding agents, according to their calcium, phos-
phorus, and PTH values (Table 1).

The mean overall aortic stiffness in patients was 1.58±0.32. 
This value was 1.65±0.31 for women and 1.55±0.33 for men 
without any statistically significant difference between the 
genders (p=0.32) (Table 2).
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Aortic stiffness correlated weakly with age (p=0.02, r=0.3). 
On the other hand, calcium–phosphorus product and aor-
tic stiffness were significantly correlated (p=0.007, r=−0.38).

There was a weak negative correlation between aortic 
valve calcification and PTH levels (p=0.02 and r=−0.31, re-
spectively). A weakly significant correlation was detected 
between the age and pathology levels in patients with 
and without aortic valve calcification (p=0.02, r=0.305) 
(Fig. 1).

Bone densitometry: The mean femoral score of our 
patients was −1.57±1.13 (−4.2–0.80), and their mean 
femoral Z score was −0.61±1.22 (−3.1–2.5). The mean 
femoral score was −2.11±1.34 (−4.20–0.70) in female 
and −1.33±0.95 (−3.10–0.80) in male patients, with a sta-
tistically significant difference between both genders 
(p=0.021). The mean lumbar T score of our patients was 
−1.73±1.75 (−5.2–2.5), and lumbar Z score was −0.75±1.98 
(−5.10–5.2). Mean lumbar T score was −2.68±1.45 (−5.10–
0.50) in females and −1.31±1.72 (−5.20–2.5) in males with 

a statistically significant difference between both genders 
(p=0.008) (Table 3).

A weak correlation was detected between the radial Z score 
and aortic stiffness (r=0.28).

A significant correlation was detected between the radial Z 
score and alkaline phosphatase levels (p=0.008).

Radial BMD results were significantly correlated with pa-
tient gender and duration of dialysis (p=0.000 and p=0.043, 
respectively).

When the femoral, lumbar, and radial bone densitometry 
values were evaluated, a significant difference was not 
found between the normal, osteopenic, and osteoporotic 
groups as for aortic stiffness (p=0.36, 0.31, and 0.15, respec-
tively).

No significant correlation was found between the femoral 
bone densitometry measurements and mitral valve calcifi-
cation (p=0.76) (Fig. 2).

No significant correlation was detected between the 

Table 1. Biochemical parameters (mean+SD)

		  Mean±SD

BUN (mg/dl)	 68.51±16.30

Creatinine (mg/dl)	 9.00±2.71
Calcium (mg/dl)	 9.17±0.60
Phosphorus (mg/dl)	 4.98±1.34
PTH (pg/ml)	 290.97±258.05
CaxP (mg/dl)	 46.23±12.07
Albumin (g/dl)	 3.64±0.35
Hemoglobin (g/dl)	 11.30±1.46
CRP (mg/L)	 7.83±7.39
Ferritin (ng/ml)	 700.57±402.98
LDL (mg/dl)	 85.67±27.94
Cholesterol (mg/dl)	 164.69±52.50
Triglyceride (mg/dl)	 240.42±194.06
HDL (mg/dl)	 32.57±7.11
Bicarbonate (mmol/L)	 22.12±1.75
ALP (U/L)	 121.39±78.92
kt/v 	 1.42±0.26
VKİ	 24.45±4.51
Duration of dialysis (mo)	 91.90±77.18

Table 2. Echocardiographic findings (mean+SD) (*p-value was 
estimated using t test)

		  Female	 Male	 Mean±SD	 P*

Aortic stiffness	 1.65±0.31	 1.55±0.33	 1.58±0.32	 0.32
Aortic valve area (cm²)	 2.51±0.46	 2.70±1.04	 2.64±0.90	 0.38
Mitral valve area (cm²)	 3.86±1.03	 3.41±0.87	 3.55±0.94	 0.12

Table 3. DEXA measurements (mean+SD) (*p-value was estimated 
using t test) 

		  Female	 Male 	 Mean	 P*

Femoral
BMD	 0.75±0.24	 0.89±0.15	 0.85±0.19	 0.015
T score	 −2.11±1.34	 −1.33±0.95	 −1.57±1.13	 0.021
Z score	 1.10±1.29	 −0.41±1.14	 −0.61±1.22	 0.06

Lumbar
BMD	 0.74±0.16	 0.93±0.18	 0.87±0.19	 0.001
T score	 −2.68±1.45	 −1.31±1.72	 −1.73±1.75	 0.008
Z score	 −1.43±1.37	 −0.46±2.13	 −0.75±1.98	 0.11

Radial
BMD	 0.35±0.09	 0.46±0.06	 0.42±0.09	 <0.001
T score	 −4.10±1.80	 −3.35±2.27	 −3.58±2.15	 0.24
Z score	 −2.90±1.64	 −2.89±2.05	 −2.89±1.92	 0.98

Figure 1. Distribution of aortic valve calcifications between male and 
female patients.
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femoral bone densitometry results and aortic valve calcifi-
cation (p=0.72) (Fig. 3).

No significant correlation was detected between the lum-
bar bone densitometry results and mitral valve calcification 
(p=0.22) (Fig. 4).

No correlation was detected between the lumbar bone 
densitometry results and aortic valve calcification (p=0.86) 
(Fig. 5).

No significant correlation was detected between the radial 
bone densitometry measurements and mitral valve calcifi-
cation (p=0.59) (Fig. 6).

No significant correlation was detected between the radial 
bone densitometry measurements and aortic valve calcifi-
cation (p=0.79) (Fig. 7).

Figure 6. Correlations with mitral valve calcification based on radial 
bone densitometry measurements.
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Figure 7. Correlations with aortic valve calcification based on radial 
bone densitometry measurements.
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Figure 5. Correlations with aortic valve calcification based on lumbar 
spine bone densitometry results.
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Figure 4. Correlations with mitral valve calcification based on lumbar 
spine bone densitometry results.
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Figure 2. Correlations with mitral valve calcification based on femoral 
bone densitometry results.

Yes
No

Normal Osteopenia Osteoporosis
0

4

2

6

8

10

12

14

16

18

N
um

be
r o

f p
at

ie
nt

s

Figure 3. Correlations with aortic valve calcification based on femoral 
bone densitometry results.
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Discussion
In our study, aortic stiffness and aortic mitral valve calcifica-
tion were determined, and the relationship between them 
and the bone densitometry measurements of the patients 
were investigated. In addition, biochemical parameters 
and other features associated with aortic stiffness and aor-
tic and mitral calcification were studied. The findings of our 
study were compared with those from the other studies.

In a study by Aoki et al. [1], the relationship between vas-
cular calcification, arterial stiffness, and bone mineral den-
sitometry measurements was investigated in 83 chronic 
hemodialysis patients. The aortic calcification index was 
found to be positively correlated with age, duration of dial-
ysis, pulse pressure, and CRP, while a significant correlation 
was not detected between the aortic calcification index 
and serum markers of BMD. 

Age, the pulse pressure, albumin, and CRP values were sig-
nificantly correlated with the aortic calcification index. Aor-
tic calcification index had been found to be inversely corre-
lated with the bone mineral densitometry measurements.

A close relationship between vascular calcification and 
arterial stiffness was indicated in patients undergoing 
hemodialysis. Measurement of the hand bone mineral den-
sitometry was labeled as a useful tool in the evaluation of 
renal diseases related to bone metabolism disorders. 

In our study, aortic stiffness was positively correlated with 
age and calcium–phosphorus product, while aortic stiff-
ness was not correlated with the serum markers of BMD, 
duration of dialysis, CRP value, serum markers of albumin, 
and mineral metabolism.

A significant correlation was not detected between mitral 
valve calcification, age, and CRP values. However, a correla-
tion was noted between aortic valve calcification and age. 
In our study, there was no correlation between the lumbar, 
femoral, and radial bone densitometry results detected in pa-
tients with and without aortic and mitral valve calcification.

A relationship was found between the radial region Z score 
and aortic stiffness. In our study, PTH levels were signifi-
cantly lower in patients with aortic calcification when com-
pared to those without it, whereas no relationship between 
the radial region T score and the PTH level was detected. In 
addition, the results of the radial region bone densitome-
try were compatible with osteoporosis in male and female 
patients, and a significant correlation was found between 
the radial region BMD results, age, and duration of dialysis.

In the study by Toussaint et al. [2], the relationship between 
the bone mineral densitometry results, arterial stiffness, 

and vascular calcification was studied in 45 patients under-
going hemodialysis (male, 64%; diabetics 38%) with a me-
dian age of 58 years. Aortic vascular calcification was found 
to be positively correlated with the onset time of hemodial-
ysis and DM.

An increase in arterial stiffness was positively correlated 
with age, DM, and vascular calcification whereas the age at 
onset of hemodialysis and DM were correlated with aortic 
calcification, age and DM were associated with arterial stiff-
ness. Lumbar and femoral neck T scores were determined 
as 0.14 and −1.66, respectively.

Fifty-two patients undergoing hemodialysis were included 
in our study, and 25% of them were diabetic. In our study, 
aortic stiffness was consistent with age, whereas no rela-
tionship between the duration of dialysis, DM, and the 
femoral–lumbar–radial group bone densitometry mea-
surements was detected.

Aortic vascular calcification was consistent with age in our 
study, while the duration of dialysis was not compatible 
with DM. PTH levels were significantly lower in the aortic 
calcification group. However, the mean T score of the lum-
bar region tended to be lower in our study, and a statisti-
cally significant difference was detected between male and 
female patients. The reason for this is that female patients 
participating in the study may have a tendency to osteo-
porosis due to their higher mean age.

In the study conducted by Orlic et al. [3], the lumbar, femoral, 
and forearm bone mineral densitometry measurements in 
134 patients undergoing hemodialysis was performed. All 
DEXA measurements were found to be lower in female pa-
tients, while T and Z scores of the forearm were not different. 
Age was found to be positively correlated with lumbar DEXA 
results in males and females. In both groups, a negative cor-
relation between femoral and forearm DEXA results was de-
tected. A negative correlation was also found between the 
PTH values and femoral and forearm DEXA results.

In our study, the femoral and lumbar region T and Z scores 
were statistically significant in females and males, whereas 
the radial region T and Z scores were not statistically sig-
nificant. However, in both male and female patients, the 
mean radial T score was consistent with osteoporosis, and a 
statistically significant relationship was found between the 
radial region BMD values, gender, and duration of dialysis.

In a study, Joki et al. [4] demonstrated that lower BMD and 
elevated serum phosphorus values were associated with 
high arterial stiffness in patients undergoing dialysis. In our 
study, no correlation was found between arterial stiffness 
and low BMD values and hyperphosphatemia. However, 
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a significant correlation was found between the calcium–
phosphorus product and aortic stiffness.

In a study that included 79 patients undergoing hemodial-
ysis, Torun et al. [5] investigated the association between 
inflammation and calcification of the cardiac valve, and 
they observed cardiac vascular calcification in 46% of the 
cases, including mitral valve calcification in 6%, aortic valve 
calcification in 14%, and calcification of both valves in 20% 
of these patients. Patients with valvular calcification were 
found to be significantly older than those without. When 
compared with the patients without valvular calcification, 
significantly higher phosphate and CRP values were de-
tected in the valvular calcification group, which were also 
significantly proportional to the age of patients undergo-
ing hemodialysis.

In our study, mitral and aortic valve calcifications were de-
tected in 42.3% and 48.1% of patients, respectively, while cal-
cifications of both valves were found in 36.5% of the cases. 
There was no correlation between patients with and without 
mitral and aortic valve calcification with respect to CRP, phos-
phorus level, and duration of dialysis. However, a correlation 
was detected between age and aortic calcification.

Nign et al. [6] investigated the relationship between bone 
disease secondary to hyperparathyroidism and bone min-
eral densitometry results in 185 patients, and they detected 
a decrease in bone mineral densitometry measurements 
proportional with the increase in patients’ age at dialysis. In 
our study, a significant relationship was found between the 
results of forearm BMD and the patient’s age at dialysis. In 
addition, the radial region densitometry results were con-
sistent with osteoporosis in both female and male patients. 
In dialysis patients, densitometry measurements of other 
regions can be used to detect osteoporosis.

Leskinen et al. [7] investigated the correlation between vas-
cular calcification and arteriosclerosis in 36 dialysis patients 
with chronic kidney disease. They had detected mitral and 
aortic valve calcification in 50% and only mitral valve calci-
fication in 31% of their patients. They had determined risk 
factors for valvular calcification as the duration of the dial-
ysis treatment and age of the patients. Mitral valve calcifi-
cation was found to be five-fold higher in diabetic patients, 
and diabetes was found to be a significant risk factor for mi-
tral valve calcification in patients with chronic renal failure.

In our study including 52 patients, mitral valve and aortic 
valve calcifications were found in 42.3, and 48.1% of the 
patients, respectively. Any correlation was not found be-
tween the presence or absence of diabetes and aortic and 
mitral calcification. A significant correlation was detected 

between aortic calcification and age, while any significant 
relationship could not be found between gender, duration 
of dialysis, and aortic and mitral calcification.

In a study conducted by Porazko et al. [8] including 77 pa-
tients undergoing hemodialysis, age was related to arterial 
stiffness such patients. In our study, a correlation was found 
between aortic stiffness and age.

In the study by Volkov et al. [9] on heart valve calcification in 
132 patients undergoing hemodialysis, with chronic renal 
failure, heart valve calcification was detected in 38.9% of 
the patients, and age and duration of dialysis were corre-
lated with heart valve calcification. In our study, 52 patients 
were included, and heart valve calcification was found in 
36.5% of the patients. However, duration of hemodialysis 
was not associated with heart valve calcification. This find-
ing may be due to the low number of cases in our study.

In the study by Guey et al. with 63 hemodialysis patients on 
factors related to low bone mass, lower bone mass density 
(osteopenia–osteoporosis) was detected in 81% of the pa-
tients. Lower bone mass densities were found in the lum-
bar spinal and femoral neck regions in 46% and 73% of the 
patients, respectively. Lumbar and femoral osteoporosis 
was detected in 8% and 10% of these cases, respectively.

In our study, femoral and lumbar osteoporosis was de-
tected in 19.2% and 32.6% of the cases, respectively. Serum 
albumin levels were positively correlated with body weight 
and femoral and lumbar BMD, whereas a negative correla-
tion existed between age, alkaline phosphatase, and PTH 
(levels 10). In our study, there was a significant difference 
between the lumbar and femoral region T scores in terms 
of gender, and the reason for this difference could be the 
tendency for osteoporosis due to the high average age of 
female patients.

In the study by Nakai et al. [11], bone mineral densitometry 
measurements were performed in hemodialysis patients 
using DEXA, and radial scores were associated with BMD 
and duration of hemodialysis in male hemodialysis pa-
tients, while in female hemodialysis patients, a correlation 
between BMD, age, and duration of hemodialysis could not 
be detected. In our study, radial T scores were compatible 
with osteoporosis in both women and men.

Conclusions
In our study, mitral calcification and aortic calcification were 
found in 42.3% and 48.1% of the patients, respectively. At 
the same time, aortic calcification was also observed with 
an increasing age. The rate of aortic calcification was found 
to be increased in the group with low PTH levels. Aortic 
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stiffness deteriorates with aging and a high calcium–phos-
phorus product.

In our study, when the results of the radial, femoral, and 
lumbar region bone densitometry measurements were 
evaluated, no relation was found between the aortic stiff-
ness and aortic/mitral valve calcification groups and the 
normal, osteopenic, and osteoporotic groups. The lack of 
such a relationship may be due to a small number of our 
cases. However, a weak relationship was found between 
radial Z scores and aortic stiffness. When the results of the 
densitometry measurements of the lumbar and femoral re-
gions were compared, a statistically significant difference 
was found between both genders. This result may be re-
lated to the high age average of female patients. Radial re-
gion T scores were compatible with osteoporosis in both 
genders, and the DEXA results of this region may provide 
accurate information about the bone density in patients 
undergoing hemodialysis. A statistically significant differ-
ence was found between the duration of dialysis and the 
decrease in the radial cortical BMD.

Ethics Committee Approval: The approval of the local Ethics 
Committee was obtained.

Peer-review: Externally peer-reviewed.

Authorship Contributions: Concept: E.P., F.N.Ö.A.; Design: E.P., 
F.N.Ö.A.; Data Collection or Processing: E.P.; Analysis or Interpreta-
tion: E.P.; Literature Search: E.P.; Writing: E.P.

Conflict of Interest: None declared.
Financial Disclosure: The authors declared that this study re-
ceived no financial support.

References
1.	 Aoki A, Kojima F, Uchida K, Tanaka Y, Nitta K. Associations be-

tween vascular calcification, arterial stiffness and bone min-

eral density in chronic hemodialysis patients. Geriatr Gerontol 
Int 2009;9:246–52. [CrossRef ]

2.	 Toussaint ND, Lau KK, Strauss BJ, Polkinghorne KR, Kerr PG. 
Relationship between vascular calcification, arterial stiffness 
and bone mineral density in a cross-sectional study of preva-
lent Australian haemodialysis patients. Nephrology (Carlton) 
2009;14:105–12. [CrossRef ]

3.	 Orlic L, Crncevic Z, Pavlovic D, Zaputovic L. Bone mineral den-
sitometry in patients on hemodialysis: difference between 
genders and what to measure. Ren Fail 2010;32:300–8. [CrossRef ]

4.	 Joki N, Hase H, Imamura Y. Bone mineral density and vascular 
calcification. [Article in Japanese]. Clin Calcium 2005;15:131–6.

5.	 Torun D, Sezer S, Baltali M, Adam FU, Erdem A, Ozdemir FN, et 
al. Association of cardiac valve calcification and inflammation 
in patients on hemodialysis. Ren Fail 2005;27:221–6. [CrossRef ]

6.	 Ning JP, Sun M, Toru I, Etsuo Y. The relationship between bone 
mineral density and secondary hyperparathyroidism bone 
disease. [Article in Chinese]. Hunan Yi Ke Da Xue Xue Bao 
2000;25:77–9.

7.	 Leskinen Y, Paana T, Saha H, Groundstroem K, Lehtimäki T, 
Kilpinen S, et al. Valvular calcification and its relationship to 
atherosclerosis in chronic kidney disease. J Heart Valve Dis 
2009;18:429–38.

8.	 Porazko T, Kuźniar J, Kusztal M, Kuźniar TJ, Weyde W, Kuriata-
Kordek M, et al. Increased aortic wall stiffness associated with 
low circulating fetuin A and high C-reactive protein in predial-
ysis patients. Nephron Clin Pract 2009;113:c81–7. [CrossRef ]

9.	 Volkov MM, Smirnov AV, Dobronravov VA, Degtereva OA, 
Sheviakova EV, Panina IIu, et al. Heart valve calcification in 
patients with chronic kidney disease. [Article in Russian]. Klin 
Med (Mosk) 2009;87:31–5.

10.	Huang GS, Chu TS, Lou MF, Hwang SL, Yang RS. Factors asso-
ciated with low bone mass in the hemodialysis patients--a 
cross-sectional correlation study. BMC Musculoskelet Disord 
2009;10:60. [CrossRef ]

11.	Nakai T, Masuhara K, Kato K, Kanbara N. Longitudinal mea-
surement of bone mineral density at the radius in hemodialy-
sis patients using dual-energy X-ray absorptiometry. J Muscu-
loskelet Neuronal Interact 2001;2:163–5.

https://doi.org/10.1111/j.1447-0594.2009.00528.x
https://doi.org/10.1111/j.1440-1797.2008.01056.x
https://doi.org/10.3109/08860221003611661
https://doi.org/10.1081/JDI-51837
https://doi.org/10.1159/000228539
https://doi.org/10.1186/1471-2474-10-60



