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Malnutrition, a new inducer for arterial calcification
in hemodialysis patients?
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Abstract

Background: Arterial calcification is a significant cardiovascular risk factor in hemodialysis patients. A series of
factors are involved in the process of arterial calcification; however, the relationship between malnutrition and
arterial calcification is still unclear.

Methods: 68 hemodialysis patients were enrolled in this study. Nutrition status was evaluated using modified
quantitative subjective global assessment (MQSGA). Related serum biochemical parameters were measured. And
the radial artery samples were collected during the arteriovenous fistula surgeries. Hematoxylin/eosin stain was
used to observe the arterial structures while Alizarin red stain to observe calcified depositions and classify calcified
degree. The expressions of bone morphogenetic protein 2 (BMP2) and matrix Gla protein (MGP) were detected by
immunohistochemistry and western blot methods.

Results: 66.18% hemodialysis patients were malnutrition. In hemodialysis patients, the calcified depositions were
mainly located in the medial layer of the radial arteries and the expressions of BMP2 and MGP were both increased
in the calcified areas. The levels of serum albumin were negatively associated with calcification score and the
expressions of BMP2 and MGP. While MQSGA score, serum phosphorus and calcium × phosphorus product showed
positive relationships with calcification score and the expressions of BMP2 and MGP.

Conclusions: Malnutrition is prevalent in hemodialysis patients and is associated with arterial calcification and the
expressions of BMP2 and MGP in calcified radial arteries. Malnutrition may be a new inducer candidate for arterial
calcification in hemodialysis patients.
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Background
Arterial calcification is a major risk factor of cardiovas-
cular mortality, particularly for hemodialysis patients
[1]. It increases arterial stiffness, pulse wave velocity,
decreases arterial compliance and ultimately leads to
severe cardiovascular events [2,3].
Arterial calcification is traditionally considered to be a

passive process; however, recent studies have shown that
arterial calcification is an actively regulated process and
a series of factors are involved in this process [4]. Bone
morphogenetic protein 2 (BMP2) and matrix Gla protein
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(MGP) are two closely linked critical proteins that regu-
late arterial calcification [5]. And BMP2 has been found
to be a promoter for arterial calcification while MGP is
considered to be an inhibitor of arterial calcification
[6,7]. However, it is still not clear, which key factor asso-
ciated with the prevalence of arterial calcification and
expressions of BMP2 and MGP in end-stage renal dis-
ease (ESRD).
Malnutrition is also a pivotal factor associated with the

increased morbidity and mortality in hemodialysis pa-
tients [8]. However, whether malnutrition participates in
the process of arterial calcification and associates with
the expressions of BMP2 and MGP are not well under-
stood. In the present study, we estimated the nutrition
status of hemodialysis patients and investigated the role
of malnutrition in the process of arterial calcification.
Ltd. This is an Open Access article distributed under the terms of the Creative
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Materials and methods
Patients
All 68 hemodialysis patients from March 2010 to January
2012 were eligible for the study. The inclusion cri-
teria were as follows: all patients had begun to
maintaining hemodialysis. In this study most patients
had been dialyzed for at least 3 months, except two
subjects dialyzed for 1 month. Hemodialysis criteria:
sustained creatinine clearance rate (Ccr) <10 ml/min,
serum creatinine (Scr) > or =707 μmol/L and mani-
festations of the clinical syndromes such as fatigue,
uneasy, gastrointestinal syndrome, anemia, and acid-
osis. The patients with acute renal failure, gastro-
intestinal cancers, hematological system diseases,
primary parathyroid diseases and severe infections
were excluded. We also excluded the patients with
primary bone diseases, but not the typical bone dis-
ease in patients with chronic renal failure, “renal
osteodystrophy”. And the patients that had been re-
ceiving a blood transfusion or intravenous albumin
within one month before nutrition assessment were
also excluded. The radial artery samples from normal
nutrition and malnutrition hemodialysis patients were
collected during the arteriovenous fistula surgeries in
Sun Yat-sen University. The study protocol conformed
to the ethical guidelines of the 1975 Declaration of
Helsinki as reflected in a priori approval by the Ethics
Committee of Sun Yat-sen University. Informed con-
sent was obtained from each patient.

Demographic characteristic data collection and nutritional
status evaluation
Demographic characteristic data were collected as fol-
lows: gender, age, height, weight, primary diseases, com-
plications and hemodialysis duration.
Modified quantitative subjective global assessment

(MQSGA), a good method for assessing the nutritional
status, was specially used for ESRD patients. In this
study, we used MQSGA for assessing the nutritional
status of the enrolled hemodialysis patients. MQSGA
consists of seven components: weight change, gastro-
intestinal symptoms, dietary intake, functional capacity,
co-morbidity, subcutaneous fat and signs of muscle
wasting. Each component has a score from 1 (normal)
to 5 (very severe). The ‘malnutrition score’ is a number
between 7 (normal) and 35 (severe malnourished) [9].
Based on the MQSGA score, two groups were classi-
fied: normal nutrition group (score of 7–10) and mal-
nutrition group (score of 11–35).

Biochemical data collection
Before operation, blood samples were collected into
tubes containing ethylenediaminetetraacetic acid (EDTA)
and then stored at −20°C before being analyzed. Serum
calcium, serum phosphorus, albumin, triglyceride,
total cholesterol (TG), low density lipoprotein choles-
terol (LDL-c), and high density lipoprotein cholesterol
(HDL-c) were measured using TBA-120 auto-analyzer
(Toshiba Medical Systems, Japan).
Serum levels of intact parathyroid hormone (PTH) were

assessed by the chemiluminescence method (Immulyte
2000; DPC, Los Angeles, CA). The calcium × phosphorus
(Ca × P) was calculated based on the serum calcium and
serum phosphorus. Serum calcium 1 mmol/L =4 mg/dl,
serum phosphorus 1 mmol/L =3.1 mg/dl, adjusted serum
calcium (mg/dl): serum calciculm +0.8× [4-sAlb (serum al-
bumin) (g/dl)].

Histological analysis
A 2–3 mm circumferential segment of radial artery was
excised from the patients during arteriovenous fistula
surgeries and immediately placed in saline. The samples
were dissected free of fat and subcutaneous, fixed over-
night in 4% paraformaldehyde and then embedded in
paraffin. Tissue sections of 4 μm thickness were pre-
pared and stained with hematoxylin/eosin (HE, Beyotime
institute of Biology, Suzhou, China). And Alizarin red
(Genmed Scientifics Inc. USA).

HE stain
3 to 5 sections per specimen were deparaffinized and
hydrated to water. Stain nuclei with haematoxylin for
10 minutes. Then rinse in running tap water for 10 -
minutes. After dehydrate 5 seconds in 95% alcohol, the
sections were counterstained with eosin from 30 seconds
to 2 minutes depending on the age of the eosin, and
the depth of the counterstain desired. Dehydrate in 95%
alcohols 2 minutes and repeat one time to remove the
excess eosin. Under the microscope, we could see the
nuclei were stained in blue while cytoplasm was stained
in pink.

Alizarin red stain
Alizarin red stain is a PH dependent method for dif-
ferentiating calcium oxalate from calcium carbonate
and phosphate. 3 to 5 sections per specimen were
deparaffinized and hydrated to distilled water. Stain
slides with the Alizarin Red Solution for about 2 minutes.
Shake off excess dye and blot sections. Dehydrate in acet-
one and then in Acetone-Xylene (1:1) solution. Clear in
xylene and mount in a synthetic mounting medium.
Under the microscope, we could see the calcium deposits
(except oxalate) were stained in orange-red.

Histological calcification score
The histological calcification score was obtained by aver-
aging all the scores from all sections of Alizarin red stain
and graded from 0 to 4 [10]. A score of <1 was labeled
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“no calcification”, score of 1 to 2.5 =mild/moderate cal-
cification and >2.5 to 4 = severe calcification. According
to the Alizarin red stain score, we classified the patients
into three groups: non-calcified (NC) group, slight calci-
fied (SLC) group and severe calcified (SEC) group.

Immunohistochemical stain
3 to 5 unstained slides of each tissue section were
deparaffinized in xylene and rehydrated in descending
achohol. Slides were then placed in 3% hydrogen per-
oxide to inhibit endogenous peroxidase. After washing
in Tris saline, the sections were blocked by 3% bovine
serum albumin (Sigma-Aldrich Tradign Co, Ltd) for
15 minutes, and then incubated with primary antibody
at appropriate dilutions overnight. The antibodies uti-
lized were: BMP2 (1:100, Abcam) and MGP (1:100,
Santa Cruz Biotechnology). Staining without the pri-
mary antibody severed as a negative control. The sec-
ond antibody peroxide conjugated goat-anti-mouse
(Weijia, Guangzhou, China) at 1:400 dilution was ap-
plied for 45 minutes, developed with DAB (Weijia,
Guangzhou, China), and the sections counterstained
with Harris Hematoxylin (Weijia, Guangzhou, China).

Immunohistochemistry analysis
The expressions of BMP2 and MGP were semiquantita-
tive analyzed with Image Pro plus 6.0 digital analysis sys-
tems (Media Cybernetics, USA). Under light microscope,
the mean optical density value (MODV) of the cells was
calculated at 5 visual fields randomly. MODV repre-
sented the density of positive proteins. The mean value
of the measured value was used as the final value for
calculation.

Western blot analysis
Radial artery tissues were homogenized in 250 μ of
homogenization buffer using an electronic stirrer. Pro-
tein concentration was determined with BCA kit
(Biocolors, Shanghai, China).
Equal amounts (30 μg) of total protein were then sepa-

rated by electrophoresis on polyacrylamide-SDS gels and
transferred onto a polyvinylidene difluoride membrance
(immobilon-P membranes; Millipore, Bedford, MA)
using the wet method. The membranes were washed
and blocked with 5% nonfat dry milk in TBS/T buf-
fer for 1 hour at room temperature. Then, the mem-
branes were incubated overnight at 4°C with primary
antibodies: mouse anti-BMP2 (1:1000) and mouse
anti-MGP (1:1000), and mouse anti-β-actin (1:1000,
Weijia, Guangzhou, China). After washing, membranes
were incubated with goat peroxidase-conjugated sec-
ondary antibody (1:5000, Weijia, Guangzhou, China)
and then visualized with an ECL kit (Thermo Scien-
tific, USA) according to the instructions. Specific
bands were quantified by Quantity One software (Bio-
Rad, USA).

Statistical analysis
Data are expressed as mean ± standard error (SEM).
Since not each variable was normally distributed,
Pearson coefficient correlation and Spearman Rank
Correlation were used to assess the relationship
among calcification score, expressions of BMP2 and
MGP, MQSGA score and several calcification-related
risk factors. Multiple linear regression analyses were
utilized to estimate the factors that affected arterial
calcification. The ANOVA test and Kruskal-Wallis
test were used for comparing biochemical character-
istics and MQSGA score among different calcified
groups. P value <0.05 was considered statistically sig-
nificant. All analyses were performed using SPSS ver-
sion 17 (SPSS, Inc, Chicago IL).

Results
Demographic and biochemical characteristics in
hemodialysis patients
A total of 68 patients (35 male and 33 female) undergo-
ing hemodialysis were included in this study. The mean
age of the patients was 62 ± 2.15 years old. Nearly each
patient (92.31%) had a history of hypertension while
about one third (30.77%) patients suffered diabetes. The
mean hemodialysis duration was 5.6 months. We
grouped the patients depending on the MQSGA score.
45 patients (66.18%) were malnutrition. Demographic
and biochemical characteristics of the two groups
were presented in Table 1. Comparing with the nor-
mal nutrition group, the malnutrition group showed
significantly lower body weight (56.79 ± 1.56 kg vs.
61.93 ± 1.76 kg, p = 0.046) and body weight index
(BMI) (21.18 ± 0.46 g/m2 vs. 23.00 ± 0.54 g/m2, p = 0.018)
and a significantly higher MQSGA score (25.28 ± 1.13 vs.
8.26 ± 1.73, p < 0.001). As for the main biochemical param-
eters, the malnutritional patients had high levels of ad-
justed serum calcium, serum phosphorus, Ca × P, PTH,
HLD-c, and low levels of serum albumin (Table 1).

Medial calcification located in the radial arteries of
hemodialysis patients
To observe the structures and calcified depositions in
the radial arteries of hemodialysis patients, HE and
Alizarin red stains were performed, and the represen-
tative data were showed in Figure 1A-F. Alizarin red
stain results showed that 46.15% (31/68) of the radial
arteries had different degree of calcified depositions
and the calcified depositions were mainly located in
the medial layer (Figure 1D-F). We grouped the
hemodialysis patients based on the Alizarin red stain
and calculated the calcification scores depending on



Table 1 Demographic and biochemical characteristics in
hemodialysis patients

Normal nutrition
(n = 23)

Malnutrition
(n = 45)

P

Age (year) 63.43 ± 2.68 62.22 ± 2.26 0.74

Sex ratio (male/female) 13/10 22/23 0.83

Height (m) 1.64 ± 0.06 1.63 ± 0.67 0.99

Weight (kg) 61.93 ± 1.76 56.79 ± 1.56 0.046

BMI (g/m2) 23.00 ± 0.54 21.18 ±0.46 0.018

MQSGA 8.26 ± 1.73 25.28 ± 1.13 <0.001

Ca (mmol/L) 1.99 ± 0.041 2.10 ± 0.023 0.055

Ad-Ca (mg/dL) 8.13 ± 0.21 8.93 ± 0.15 <0.001

P (mmol/L) 1.21 ± 0.13 1.80 ± 0.11 0.0070

Ca × P (mg²/dL²) 44.67 ± 2.53 49.00 ± 2.82 0.035

PTH (pg/mL) 158.50 ± 20.44 535.10 ± 95.19 0.026

Alb (g/L) 37.63 ± 1.02 33.23 ± 1.45 <0.001

TG (mmol/L) 2.88 ± 0.75 1.85 ± 0.16 0.51

Chol (mmol/L) 3.40 ± 0.25 4.05 ± 0.15 0.78

LDL-c (mmol/L) 2.31 ± 0.21 2.34 ± 0.19 0.093

HDL-c (mmol/L) 1.28 ± 0.25 1.83 ± 0.15 0.013

Values are given as mean ± SEM. Nutritional status was classified into two
groups according to MQSGA score: normal nutrition group and
malnutrition group.
Ad-Ca, albumin adjusted serum calcium; Alb, albumin; BMI, body mass index;
Ca × P, calcium × phosphorus product; Chol, cholesterone; HDL-c, high-density
lipoprotein cholesterol; LDL-c, low-density lipoprotein-cholesterol; MQSGA,
modified quantitative subjective global assessment; P, phosphorus; PTH,
parathyroid hormone; TG, triglyceride.

Table 2 The comparison of biochemical characteristics
and MQSGA score among different calcified groups

NC (n=37) SLC (n=18) SEC (n=13)

Ca(mmol/L) 2.03 ± 0.051 2.18 ± 0.023 1.93 ± 0.070

Ad-Ca (mg/dL) 9.20 ± 0.14 9.43 ± 0.19 9.25 ± 0.24

P(mmol/L) 1.34 ± 0.22 1.85 ± 0.15a 2.28 ± 0.33b,c

Ca × P(mg2/dL2) 34.12 ± 1.65 50.50 ± 1.23a 66.97 ± 3.25b,c

PTH (pg/mL) 66.40 ± 2.75 70.93 ± 7.82 77.50 ± 6.00

Alb(g/L) 39.81 ± 1.02 32.11 ± 0.64a 29.08 ± 1.02b

TG (mmol/L) 2.22 ± 0.82 2.03 ± 0.53 1.79 ± 0.48

Chol (mmol/L) 3.65 ± 0.32 4.10 ± 0.35 4.09 ± 1.01

LDL-c(mmol/L) 2.47 ± 0.27 2.06 ± 0.27 2.23 ± 1.55

HDL-c(mmol/L) 1.47 ± 0.37 2.04 ± 0.39 1.86 ± 0.54

MQSGA 10.79 ± 0.42 20.24 ± 0.85a 31.22 ± 1.14b,c

Values are given as mean ± SEM. Three groups are classified according to
calcification score: non-calcified (NC) group, slight calcified (SLC) group and
severe calcified (SEC) group.
Ad-Ca, albumin adjusted serum calcium; Alb, albumin; Ca × P, calcium ×
phosphorus product; Chol, cholesterone; HDL-c, high-density lipoprotein
cholesterol; LDL-c, low-density lipoprotein-cholesterol; MQSGA, modified
quantitative subjective global assessment; P, phosphorus; PTH, parathyroid
hormone; TG, triglyceride.
a p < 0.05 SLC vs. NC; b p < 0.05 SEC vs. NC;c p < 0.05 SEC vs. SLC.
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the calcified degree of the radial arteries. The mean
calcification score was 0.34 for NC group, 1.84 for
SLC group and 3.44 for SEC group. In addition, HE
stain (Figure 1A-C) also showed that the medial layer
of the calcified radial arteries was increased.
Figure 1 Hematoxylin/eosin (HE, A-C) and Alizarin red (D-F) stains o
(A-C) showed that the thickness of medial layer was increased along with the
calcified depositions were mainly located in the medial layer of the radial arter
Biochemical characteristics
Table 2 showed the related serum biochemical character-
istics and MQSGA scores of the hemodialysis patients.
Comparing with NC group, the SLC and SEC groups
had significantly elevated levels of serum phosphorus,
Ca × P and significantly decreased levels of serum albu-
min. And accompanied with the calcified degree of ra-
dial arteries, the MQSGA score significantly increased.
Then we analyzed the relationship between calcified de-
gree and the levels of serum phosphorus, Ca × P and
serum albumin. The results indicated that the calcified
f radial arteries of malnutritional hemodialysis patients. HE stain
calcified degree. And the Alizarin red stain (D-F) demonstrated that the
ies. Abbreviate: NC, non-calcified; SLC, slight calcified; SEC, severe calcified.



Figure 2 (A-D) The relationship between calcification score and the levels of serum phosphorus, calcium × phosphorus product, serum
albumin and modified quantitative subjective global assessment (MQSGA) score. The levels of serum phosphorus, calcium × phosphorus
product and MQSGA score had a positive relationship with calcification score (Figure 2A, B, D) while the levels of serum albumin showed a
negative correlation (Figure 2C).
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degree was significantly positively correlated with the
levels of serum phosphorus (r = 0.726, p < 0.01) and
Ca × P (r = 0.707, p < 0.01), and had a significant negative
correlation with the levels of serum albumin (r = −0.709,
p < 0.01) (Figure 2A-C). In addition, we also analyzed
the relationship between nutritional status and arterial
calcification. Figure 2D showed that the MQSGA score
had a significantly positive relationship with calcification
score (r = 0.797, p < 0.01). And multiple linear regression
analyses revealed that MQSGA score was the most import-
ant factor affecting calcification score (β = 0.448, p < 0.001)
Figure 3 (A-G) The immunostaining results of bone morphogenetic p
(SLC) group and severe calcified (SEC) group had significant higher express
non-calcified (NC) group (Figure 3A-G). And comparing with SLC group, th
and MGP (Figure 3B-C, E-G).
followed by serum phosphorus (β = 0.426, p < 0.001) and
serum albumin (β = −0.192, p = 0.008).

Increased expressions of BMP2 and MGP in calcified
radial arteries
BMP2 and MGP are two critical proteins regulating the
process of arterial calcification. The immunostaining of
both proteins was almost exclusively in the media layer
and prominent in the calcified areas (Figure 3A-F). The
MODV which represented the density of positive pro-
teins showed that both the expressions of BMP2 and
rotein-2 (BMP2) and matrix Gla protein (MGP). Both slight calcified
ions of BMP2 and MGP in radial arteries of hemodialysis patients than
e SEC group also showed significantly increased expressions of BMP2



Table 3 The relationship between MODV of BMP2/MGP
and several calcification-related risk factors

MODV of BMP2 MODV of MGP

r P r P

Phosphorus (mmol/L) 0.586 <0.001 0.659 <0.001

Ca×P (mg²/dL²) 0.498 <0.001 0.541 <0.001

Albumin (g/L) -0.586 <0.001 -0.577 <0.001

MQSGA 0.707 <0.001 0.648 <0.001

BMP2, bone morphogenetic protein-2; Ca × P, calcium × phosphorus product;
MGP, matrix Gla protein; MODV, mean optical density value; MQSGA, modified
quantitative subjective global assessment.
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MGP were gradually significantly increased responding
to the calcified degree (Figure 3G). The western blot re-
sults also demonstrated that the expressions of BMP2
and MGP significantly increased with the calcified de-
gree (Figure 4). And the ratio of MGP/BMP2 in NC,
SLC, and SEC group was 1.27, 1.2, and 0.78 respectively.

The relationships between BMP2/MGP and serum
phosphorus, calcium × phosphorus product, serum
albumin and MQSGA score
We explored the relationships between the expressions
of BMP2 and MGP and calcification-related factors.
Table 3 showed that both the levels of serum phos-
phorus and calcium × phosphorus product positively
correlated with the expressions of BMP2 and MGP in
radial arteries of the hemodialysis patients. In contrast,
the levels of serum albumin significantly negatively cor-
related with the expressions of BMP2 and MGP. More-
over, it was showed that the expressions of BMP2 and
MGP had positive relationships with MQSGA score
(Table 3).

Discussion
This study demonstrated that in hemodialysis patients,
malnutrition is prevalent. And the malnourished patients
have a high incidence rate of radial arteries calcification.
In addition, the expressions of BMP2 and MGP were in-
creased in the calcified radial arteries. For the first time
in hemodialysis patients to our knowledge, we demon-
strated that malnutrition (a high MQSGA score and a
low level of serum albumin) was closely associated with
arterial calcification and the expressions of BMP2 and
MGP. Furthermore, the definite risk factors such as the
serum phosphorus and Ca × P product were both corre-
lated with the calcified degree similarly to the previous
studies [11].
Two types of arterial calcification have been observed:

intimal calcification of the atherosclerotic plaques and
medial calcification of large elastic arteries and small
Figure 4 The western blot results of bone morphogenetic protein-2 (
(NC) group, both slight calcified (SLC) group and severe calcified (SEC) grou
arteries of hemodialysis patients. And SEC group also had significant highe
arterioles [12]. In the ESRD, multiple factors were in-
volved in the development of arterial calcification. Be-
sides traditional risk factors, such as hypertension,
hyperlipidemia, diabetes, there are also specific risk fac-
tors (hyperphosphatemia, uremic toxins, inflammation,
etc.) that associated with arterial calcification. However,
whether malnutrition, the important risk factor of
hemodialysis, is also a specific risk factor for arterial cal-
cification, it is still unclear. In fact, there is a high inci-
dence rate of malnutrition ranging 18% to 75% in
maintaining dialysis patients [13]. And malnutrition is
an important predictor of mortality in patients with
ESRD [14]. Traditional evaluation of nutritional status
can be attained by body weight, BMI, anthropometry,
biochemical parameters and subjective global assess-
ment. In this study, besides serum albumin, MQSGA
was used, and both of which were good ways to evaluate
nutrition status of the hemodialysis patients [9,15]. Mal-
nutrition is not only a decline in protein and calorie in-
take but follows a decrease in the levels of various
nutritional makers, for example, vitamin D and vitamin
K, both of which were involved in the process of arterial
calcification [16]. From the multiple linear regression
analyses, we found that malnutrition was the most im-
portant factor affecting arterial calcification. And it indi-
cates that malnutrition may be involved in the process
BMP2) and matrix Gla protein (MGP). Comparing with non-calcified
p had significantly increased expressions of BMP2 and MGP in radial
r expressions of BMP2 and MGP than SLC group.
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of arterial calcification. Hypoalbuminemia is also a com-
mon marker of malnutrition and low levels of serum al-
bumin was considered as key diagnostic criteria for
malnutrition,especially in hemodialysis patients [17].
And previous epidemiological studies have shown a
strong association between serum albumin and cardio-
vascular mortality in hemodialysis patients [18]. How-
ever, there is still lack of a clear explanation for the role
of serum albumin in high incidence rate cardiovascular
events of hemodialysis patients. In our study, we found
that low levels of serum albumin were significantly nega-
tively correlated with arterial calcification. So the low
levels of serum albumin may increase the morbidity and
mortality of cardiovascular events by promoting the de-
velopment of arterial calcification in hemodialysis pa-
tients. In addition, the low levels of albumin induce
inflammation, inadequate transportation of the excessive
calcium, phosphorus, cholesterol, triglyceride, etc. and
all these factors could promote arterial calcification.
However, because of the limited specific measures of
malnutrition and sample size, more prospective and ran-
domized studies are needed.
BMP2 and MGP are two closely linked proteins dur-

ing the process of arterial calcification. BMP2 belongs
to the TGF-β (transforming growth factor β) superfam-
ily of growth factors and has been demonstrated playing
a key role in the process of arterial calcification [19,20].
MGP, the vitamin K-dependent protein, binds to BMP2
and acts as an endogenous calcification inhibitor [21].
Since both the BMP2 and MGP participate in the
process of arterial calcification, we observed the expres-
sions of BMP2 and MGP in calcified radial arteries of
hemodialysis patients. We found the expressions of
BMP2 and MGP increased simultaneously in the calci-
fied radial arteries. Meanwhile MQSGA score was posi-
tively correlated with the expressions of BMP2. And the
levels of serum albumin showed a negative correlation
with the expressions of BMP2. This provides indirect
evidence that malnutrition has a relationship with arter-
ial calcification.
Interestingly, we also found the increased expressions

of MGP did not show a BMP2-inhibited effect for arterial
calcification. This may attribute to the ratio of MGP/
BMP2 or the forms of MGP. Zebboudj et al. demon-
strated that MGP dose-dependently regulated the activity
of BMP2 and increased calcification [5,22]. In present
study, the ratio of MGP/BMP2 decreased with the calci-
fied degree which indicates that the lower ratio of MGP/
BMP2, the more severe arterial calcification develops.
Moreover, MGP exists carboxylated and uncarboxylated
forms, and that might influence the process of calcifica-
tion differently. In our study, we found that the expres-
sions of MGP were increased in human calcified radial
arteries under hemodialysis condition. Two possible
explanations are that the increased MGP may be the
uncarboxylated form which showed no effect for
inhibiting arterial calcification or only a response to
the calcified process but not a primary cause of arter-
ial calcification. However, since lacking of assessment
of uncarboxylated MGP, more studies in human and
animals are needed to explore the role of MGP in ar-
terial calcification.

Conclusions
Malnutrition is a possible mechanism of arterial calcifi-
cation in hemodialysis patients. Effective treatment of
malnutrition will be a promising strategy for attenuat-
ing arterial calcification and decreasing the morbidity
and mortality of cardiovascular events in hemodialysis
patients.
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