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Abstract

Background :The serum level of neopterin, a marker associated with
cell-mediated immunity, is increased in coronary artery disease and
chronic kidney disease (CKD) especially in end stage renal disease
(ESRD ) and may be a risk marker for adverse outcomes resulting from

Date Submitted: these diseases.

Date Accepted: Objective: to compare the levels of neopterin in two systemic
inflammatory diseases cardiovascular disease and end stage
disease(CVD& ESRD) and study its correlationwith other serum
parameters.

Subjects & Methods:

Address for Correspondence: ~ The study involved 38 male patients with ESRD and 40 male patients
with CVD (age range of 30- 60 years ) .They were attending Kidney
disease and Transplantation Unit and Coronary Care Unit (CCU) at
Baghdad Teaching Hospital ( Medical City ) during the period from
December 2012 to March 2013 with 58 healthy subjects (control group )
of matching age and weight. Fasting venous blood was obtained for
glucose, lipid profile, urea and creatinine measurement which were done
immediately after separation of the serum by standard routine methods.
The determination of neopterin was done using Enzyme-Linked Immuno
Sorbent Assay. (ELISA, Sandwich assay).

Results:the results revealed a significant difference in neopterin level
between each group of patients (CVD & ESRD) with its control group
(455 + 11.9.vs16.48+ 3.09) and (95.89 = 11.3 vs.16.66+ 2.83)
respectively. In addition to inverse correlation between neopterin and
estimated glomerular filtration rate (eGFR) in ESRD patients (p< 0.05),
and significant inverse correlation with triglyceride (TG) in CVD patients (p
< 0.05).

The most important results of this study suggest that the neopterin level,
which is considered a useful marker of systemic inflammation, in ESRD
patients is higher than in CVD patients.
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INTRODUCTION system .The causes of other diseases like neurological
and cardiovascular diseases may be related to
immunological processes @.Neopterin which is a new
biomarker that could play an important role in
pathogenesis of cardiovascular disease and other
inflammatory ~ disease.®Neopterin ~ ,which  is
synthesized by macrophages, is a catabolic product of
guanosine triphosphate (GTP), a purinenucleotide,
which belongs to the chemical group known as
pteridines.®Its synthesis is accompanied  with
stimulation of the cytokineinterferon-gamma and is

Cardiovascular disease (CVD)can be defined as a
disease thatmainly affects the cardiovascular
systeminclude cardiac disease and also vascular
diseases of the brain and kidney, in addition to the
peripheral arterial disease.’One of the most important
factor that play a key role invarious diseases like
infections, autoimmune and malignant tumor diseases
or in cases of allograft transplantation and considered
as one of the causesis the activation of the immune
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indicative of a pro-inflammatory immune status.One of
the  possible explanation of  the enhancement
inflammatory processes within vulnerable plaques is
due to the effect of neopterin which is serve as marker
of cellular immune system activation ,together with
pro-inflammatory cytokine , tumor necrosis factor
alpha(TNF-a),which stimulates gene transcription for
inducible nitric oxide synthase (I NOS), which results
in the production of cytotoxic NO free radical.®

Chronic kidney disease is a progressive loss in renal
function over a period of months or years. There are no
specific symptoms of deterioration of kidney function.
A reduced appetite and feeling unwell might be the
main symptoms of kidney dysfunction. Diabetes and
/or high blood pressure are the main risk factors for
development of kidney problems.

Chronic kidney disease was classifiedin five stages
begin with stage 1, with mildest and causing few
symptoms which progressed to severe illness with poor
life expectancy in stage 5 if untreated. This is

according to the professional guidelines classification.
®

Neopterin concentrations are increased in renal disease
because of either impairment of its excretion and/or
increased its production which is due to systemic
inflammation .Although, neopterin is well known as a
predictor for cardiovascular mortality, however it is not
clear if it is associated with early stage reduced kidney
function.(”

The aim of this studywas to compare the levels of
neopterin in two systemic diseases, namely the
cardiovascular, and end stage renal disease

PATIENTS AND METHODS

Subijects: This study included78 male patients with
ESRD (n= 38) and myocardial infarction (n=40). The
range of age was between 30-60 years .They were from
Kidney disease and Transplantation Unit and Coronary
Care Unit (CCU) at Baghdad Teaching Hospital during
the period from December 2012 to March 2013. The
study also included 58 normal male volunteers of
matching age and weight.

Methods: Ten milliliters (10ml) of fasting venous
blood were withdrawn from both patients and controls.
The blood sample was collected in a plain tube and
centrifuged for 15 minutes at 3000 rpm after being
allowed to clot at room temperature for 30 minutes.
The separated serum  was divided into aliquots and
stored frozen at (-20 ¢°) to be used later for neopterin
determination by Enzyme-Linked Immune Sorbent
Assay (ELISA) . While blood glucose, lipid profile,

urea and creatinine analysis were done immediately
after separation of the serum.

The quantitative determination of Glomerular filtration
rate is calculated by CKD EPI Calculator - four
variables MDRD CKD EPI equation With SI Units
using standardized serum creatinine, age, race,
gender,white or other race male.®

Body mass index was calculated as body weight (in
Kg/Sq height (meter)®

Statistical study:

All values were expressed as mean =+ standard
deviation (mean +SD). All Statistical analysis was
performed using Statistical Package for the Social
Sciences(SPSS version15.0). Independent student t-test
was performed to assess differences between two
means. Pearson correlation coefficient was used to
determine the correlation between quantitative data. P
value < 0.05 was considered significant.

RESULT

There are no significant differences in age ( years)
and BMI (kg/m?) between ESRD patients and control
group (46.66 £10 vs. 44.6+8.17) and (26.34 + 3.91vs.
27.77 £ 2.91) respectively ( p > 0.05) , while there
are significant differences in other biochemical
parameters as shown in table 1,except for serum
glucose .

Table (1) : Comparison between serum variables
in patients with end stage

renal disease (ESRD) and their controls as
mean+SD.
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Parameters

ESRD (meanzSD ) Control(meanxSD)

(n=38) (n=35)
Neopterin 95.89+11.3 16.66+ 2.83 <0.0001™
glucose 5.74t£1.14 5.36x£1.12 0.1563
triglycerides 2.55+0.64 1.6+0.54 <0.0001™
Cholesterol 5.78+0.68 4.27+0.70 <0.0001™
HDL -cholesterol 0.85+0.13 1.18+0.22 <0.0001™
LDL -cholesterol 3.4+0.7 2.35+0.78 <0.0001™
Al 4.17+1.26 2.6+£0.76 <0.0001™
Urea 28.58+£10.94 5.85+0.74 <0.0001™
Creatinine 551.0+326.15 74.4£7.79 <0.0001™

30.0945.27) respectively. (p> 0.05) , while there are
P*<0.05 ,p™*<0.0005 , p™< 0.0001 significant differences in gther biochemical parameters

except glucose as shown in table 2.
All values are expressed in mmol / L , except for
neopterin ( n mol /L) and creatinine (. mol /L).,

Al = Atherogenic Index .

Table (2) Comparison between serum variables in
patients with cardiovascular

disease (CVD) and their controls as mean+SD;

There are no significant differences in age (years) and
BMI (kg/m?) between CVD patients and control group
(46.43 9.8 vs .44.1748.1) and 30.65 + 5.53 vs

CVD(meanzSD)
Parameter (n=40) Control(mean£SD)
(n=46)

neopterin 45 5+11.9 16.48+3.09 <0.0001™
glucose 6.07+1.64 5.39+1.26 0.0349"
triglycerides 2.4+0.71 1.61+0.54 <0.0001™
cholesterol 5.79+0.72 4.77+0.71 <0.0001™
HDL-cholesterol 0.91+0.22 1.18+0.21 <0.0001™
LDL -cholesterol 3.64 +0.67 2.95 +0.59 <0.0001™
Al 425+140 2.15+0.87 <0.0001™
urea 7.42+1.95 5.94+0.71 <0.0001™
creatinine 88.55+25.67 74.18+7.47 0.0014"

All values are expressed in mmol / L , except for
neopterin ( nmol /L) and creatinine (1 mol /L). Al =

P"<0.05 ,p*"<0.0005, p""<0.0001 '
P P Atherogenicindex.
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Figures 1 shows the presence of significant inverse
correlation between neopterin and serum TG in the
CVD patients, while Fig,2 and 3 show significant
inverse correlation of neopterin with estimated
glomerular filtration rate (eGFR) and direct correlation
with serum creatinine.
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Figure (1): Correlation between serum neopterin
and triglycerides

(r=-0.314, p = 0. 048) in cardiovascular disease.
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Figure (2): correlation between serum neopterin,
and estimated glomerular filtrationrate ( r = - 0.35,
p = 0.03) in end stage renal disease.
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Figure (3): correlation between serum neopterin,
and creatinine

(r=-0.38, p =0.03) in end stage renal disease.

DISCUSSION

In recent years, a big attention was paid tothe
association between inflammation and atherosclerosis.
Many studies have demonstrated that local and
systemic inflammation plays an important role in the
formation and development of atherosclerosis which
involved different types of inflammatory cells, and
cytokines.®9This study showed significantly high
levels of neopterin in CVD patients, in comparison
with the normal control group. These results confirm
previous findings of other studies dealing with the
same subject, with the involvement of monocytes in
the pathological processes related to the development
of acute coronary syndromes. 112

In several studies it was demonstrated that there were
significant correlations between neopterin
concentration and certain direct immunological activity
measures like concentrations of interferon gamma,
interleukins. A distinct advantage of neopterin, in
contrast to substances like interferon gamma, is its
considerable chemical stability making it a sensitive
and reliable marker for clinical practical use. 131419

Activated T lymphocytes secrete y-interferon, which
leads to mononuclear macrophages excitation and
neopterin production. Therefore, neopterin levels
directly reflect the activation of macrophages, T
lymphocytes, and cellular immunity.® In addition to
this relation betweenneopterin and immunity
neopterin can easily penetrate into the blood circulation
and because of its high chemical stability and low
molecular weight, its concentration in coronary artery
blood can be determined by measurement of neopterin
level in peripheral blood, which can be used to assess
the degree of coronary artery lesions. 8

From table 2 there is a significant difference in
neopterin level between patients with ESRD and
healthy control groups. The decline in GFR of ESRD
and dialysis patients have greater chances for
developing CVD and this will increase the mortality
percentage within ESRD patients .171®The negative
correlation between neopterin with each of GFR and
positive correlation with creatinine in this study ( fig
2& 3 ) confirms the clinical significance of neopterin
as a biomarker for the presence of a high chance for
developing inflammatory state or CVD in these
patients. Although it is well established thata
dysfunction of the immune system is induced by the
uremicstate, this disturbance has not been
systemicallystudied as a potential contributing cause of
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premature deathsresulting from CVD and infections in
ESRD.

One brief reviewdescribes disorders of the immune
systemsin ESRD and studying the possibility, that a
state ofacquired immune dysfunction in uremia could
be an importantcontributing factor for both CVD and
inflammatorycomplications. %

Two previous studies had shownthat the link between
chronic inflammation andESRD, which progress to
atherosclerotic disease and CVD had a great interest in
understanding the mechanism of this association. % 29

The possible explanation of this relationship is that the
activated T cells formed as a result of inflammation
may play an important role in CVD mediation through
the elevated serum neopterin.t

Of interest in this study is the presence of a significant
negative  correlation  between  neopterin  and
hypertriglyceridemia in CVD patients group as shown
in figure (1).There is, also, inverse correlation, but not
significant, between neopterin and both LDL, and
HDL. The mechanism of this correlation may be due to
the activation of the immune system, which is
indicated by the activation of the immune system, and
indicated by high neopterin level, attended by the
release of interleukin 6, up-regulation of LDL
receptors, with a consequent lowering of LDL-C and
triglycerides.?? 23.24)

In addition to all above , the most important result in
this study ,which represent the main objective of it , is
that the level of neopterin in ESRD patients is
significantly higher than its level in CVD patients
which could be attributed to either increased its
production that mean the degree of inflammation is
higher than CVD , or to delayed clearance through the
kidneys or combination of both mechanisms
Inflammation and increased oxidative stress are
common features in uremic patients.®®

One of these features was the presence of oxidative
damaged protein products named advanced oxidation
protein products (AOPPs) in the plasma of those
patients. (*%)

Advanced oxidation protein products were found to be
elevated at early stages of chronic renal failure and are
closely related to monocyte activation markers
including neopterin, TNF- alpha and its soluble
receptors .27

The second possible explanation of increasing its level
is due to decrease its clearance since neopterin is not
metabolized in theblood @® or combination of both
causes.

One recent study concluded that the more impaired the
renal function, the higher is the increase in serum
neopterin  concentration.®Further  studies  and
measurement of other inflammatory factors are needed
to confirm the results of this speculation.

So in  conclusion this study shows marked
difference in the neopterin levels between CVD and
ESRD this can be explained by threeprobabilities ,
either the differences in the degree of the inflammation
between these two diseases (which increase with
increasing the severity of CKD), or related to the
defect in clearances pathway of this inflammatory
marker or combination of both .

Acknowledgements:

The Patients groups in this study were under the
medical care of Dr .Ali . M. H. AL .Yassin. CABN
FRCP/, GFRCP. The Scientific Council of the Arab
Internal Medicine, Baghdad — Iraq and Dr. kais Hasan
abd F.1.B.M.S.( Neph ) , the head of Kidney Disease
and Transplantation Unit of  Baghdad Teaching
Hospital ( Medical City ) .

REFERENCES

1. 1-Fuster V, Kelly B.B and Vedanthan R.
Promoting Global Cardiovascular Health
Moving Forward .Circulation2011; 123: 1671-
1678.

2. 2- Janeway CA Jr. How the immune system
protects the host from infection. Microbes Infect
2001; 3:1167-71.

3. 3-Fuchs D, Avanzas P, Arroyo-Espliguero R,
Jenny M, Consuegra-Sanchez L, Kaski JC. The
role  ofneopterin  in  atherogenesis and
cardiovascular  risk  assessment.Curr  Med
Chem?2009;16:4644-53.

4. 4-Szmitko PE, Wang CH, Weisel RD, de Almeida
JR, Anderson TJ, Verma S ,New markers of
inflammation and endothelial cell activation: Part
I.Circulation2003 :21;108:1917-23

5. 5- Murr C, Widner B, Wirleitner B, Fuchs D.
Neopterin as a marker for immune system
activation. Curr Drug Metab2002;3:175-87.

6. 6- Johnson, David.": CKD Screening and
Management: Overview". In Daugirdas, John.
Handbook of Chronic Kidney Disease
Management. Lippincott Williams and Wilkins.
2011. Chapter4: 32-43.

7. 7- Yadav AK, Sharma V, Jha V .Association
between serum neopterin and inflammatory
activation in chronic kidney disease. Mediators
Inflamm 2012; 2012: 6 pages.

8. 8-Levey AS, Stevens LA, Schmid CH, Zhang YL,
Castro AF, Feldman HI, et al., forthe CKD-EPI
(Chronic  Kidney  Disease  Epidemiology
Collaboration). A newequationto  estimate

Mustansiriya Medical Journal Volume 13 Issue 1 June 2014 | 24


http://www.ncbi.nlm.nih.gov/pubmed?term=Fuchs%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19903144
http://www.ncbi.nlm.nih.gov/pubmed?term=Avanzas%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19903144
http://www.ncbi.nlm.nih.gov/pubmed?term=Arroyo-Espliguero%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19903144
http://www.ncbi.nlm.nih.gov/pubmed?term=Jenny%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19903144
http://www.ncbi.nlm.nih.gov/pubmed?term=Consuegra-Sanchez%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19903144
http://www.ncbi.nlm.nih.gov/pubmed?term=Kaski%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=19903144
http://www.ncbi.nlm.nih.gov/pubmed/19903144
http://www.ncbi.nlm.nih.gov/pubmed/19903144
http://www.ncbi.nlm.nih.gov/pubmed?term=Szmitko%20PE%5BAuthor%5D&cauthor=true&cauthor_uid=14568885
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=14568885
http://www.ncbi.nlm.nih.gov/pubmed?term=Weisel%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=14568885
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Almeida%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=14568885
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Almeida%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=14568885
http://www.ncbi.nlm.nih.gov/pubmed?term=Anderson%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=14568885
http://www.ncbi.nlm.nih.gov/pubmed?term=Verma%20S%5BAuthor%5D&cauthor=true&cauthor_uid=14568885
http://www.ncbi.nlm.nih.gov/pubmed/14568885
http://hdcn.com/CKDhandbook/toc.htm
http://hdcn.com/CKDhandbook/toc.htm
http://www.ncbi.nlm.nih.gov/pubmed?term=Yadav%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=22969169
http://www.ncbi.nlm.nih.gov/pubmed?term=Sharma%20V%5BAuthor%5D&cauthor=true&cauthor_uid=22969169
http://www.ncbi.nlm.nih.gov/pubmed?term=Jha%20V%5BAuthor%5D&cauthor=true&cauthor_uid=22969169
http://www.ncbi.nlm.nih.gov/pubmed/22969169
http://www.ncbi.nlm.nih.gov/pubmed/22969169

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Zainab et al.: Neopterin

glomerular filtration rate. Ann Intern Med
2009;150:604 — 12.

9-World Health Organization WHO. Obesity:
preventing and managing the global epidemic.
Report of a WHO Consultation. WHO Technical
Report Series 894. Geneva, 2000.

10-Oufella HA, Taleb S, Mallat Z, Tedgui A
.Recent Advances on the Role of Cytokines in
Atherosclerosis.Arteriosclerosis, Thrombosis,
and Vascular Biology2011; 31: 969-979
11-Ghattas A, Griffiths HR, Devitt A, Lip GY,
Shantsila E. Monocytes in coronary artery
disease and atherosclerosis: where are we now? J
Am Col ICardiol2013;62:1541-51.

12-Avanzas P ,Espliguero RA, Quiles J, Roy D,
and Kaski JC. Elevated serum neopterin predicts
future adverse cardiac events in patients with
chronic stable angina pectoris. European Heart

Journal2005; 26:457-463.

13-Ray KK, Morrow DA, Sabatine MS, et al.
Long-term prognostic value of neopterin: a novel
marker of monocyte activation in patients with
acute coronary syndrome. Circulation2007;
115:3071-8.

14-L. Hermus, J. H. N. Schuitemaker, R. A. Tio
et al., “Novel serum biomarkers in carotid artery
stenosis: useful to identify the wvulnerable
plaque?” Clinical Biochemistry 2011;44: 1292-
1298.

15-Sasaki T, Takeishi Y, Suzuki S, Niizeki T,
Kitahara T, Katoh S, Ishino M, Shishido T,
Watanabe T, Kubota .High serum level of
neopterin is a risk factor of patients with heart
failure.Int J Cardiol2010; 145:318.

16- 2.Y. Liu and Y.D. Li.Relationship between
serum neopterin levels and coronary heart disease
.Genet. Mol. Res2013;12: 4222-4229.

17-Chertow M,. Fan D, McCulloch CE, and Hsu
CY, “Chronic kidney disease and the risks of
death, cardiovascular events, and hospitalization,”
New England Journal of Medicine2004;351:
1296-1370.

18- E. Avci, S, .Cos,kun, E. C, akir, Y. Kurt, E.
O .Akgu”, andC.Bilgi, “Relations between
concentrations of asymmetric dimethylarginine
and neopterin as potential risk factors for
cardiovascular diseases in haemodialysis-treated
patients,”RenalFailure2008 ; 30: 784-790.

19-Kato S, Chmielewski M, Honda H, Pecoits-
Filho R, Matsuo S, Yuzawa Y, Tranaeus A,
Stenvinkel P, Lindholm B. Aspects of immune

dysfunction in end-stage renal disease.Clin J Am
SocNephrol 2008;3: 1526-33.

20.20- P. Stenvinkel, “Inflammation in end-stage
renal disease—a fire that burns within,”
Contributions to Nephrology 2005;149: 185-199.

21.21- K. Kalantar-Zadeh, “Inflammatory marker
mania in chronic kidney disease: Pentraxins at the
crossroad of universal soldiers of inflammation,”
Clinical Journal of the AmericanSociety of
Nephrology2007;2: 872-875.

22.22-Sarwar, N., Sandhu, M. S., Ricketts, S. L.,
Butterworth, A. S., Di Angelantonio, E.,
Boekholdt, S. M., Ouwehand, W., Watkins, H.et
al. Triglyceride-mediated pathways and coronary
disease: collaborative analysis of 101 studies.
Lancet 2010;375:1634-1639.

23.23-Avanzas P, Arroyo-Espliguero R, Kaski JC.
Neopterin and cardiovascular disease: growing
evidence for a role in patient risk stratification.
ClinChem2009; 55:1056-7.

24.24-Gierens H, Nauck M, Roth M, Schinker R,
SchurmannC, Scharnagl H, et al. Interleukin-6
stimulatesLDL receptor gene expression via
activationof sterol-responsive and Sp1 binding
elements.ArteriosclerThrombVascBiol2000;20:1
777-83.

25.25- Edmund G Lowrie. Chronic inflammation and
clinical outcome in adult hemodialysis patients
.Kidney International 2002;61:594-8.

26.26-Coskun C, Kural A, Doventas Y, Koldas M,
Ozturk H, Inal BB, et al. Hemodialysis and
protein oxidation products. Ann N Y AcadSci
2007; 110:404-8.

27.27- Galli F. Protein damage and inflammation in
uraemia and dialysis patients. Nephrol Dial
Transplant 2007;22: 20-36.

28.28- Lhee H.Y., Kim, H., Joo, K.J., Jung, S.S,
Lee, K.B. The clinical significance of serum and
urinary neopterin levels in several renal diseases.
J. Korean Med. Sci2006;21:678-682.

29.29- Formanowicz .D.Neopterin in patients with
chronic kidney disease and patients with coronary
artery disease .Journal of Biotechnology,
Computational Biology and Bio nanotechnology
2012 ;93:59-67.

Mustansiriya Medical Journal Volume 13 Issue 1 June 2014 | 25


http://whqlibdoc.who.int/trs/WHO_TRS_894.pdf
http://whqlibdoc.who.int/trs/WHO_TRS_894.pdf
http://whqlibdoc.who.int/trs/WHO_TRS_894.pdf
http://whqlibdoc.who.int/trs/WHO_TRS_894.pdf
http://atvb.ahajournals.org/search?author1=Hafid+Ait-Oufella&sortspec=date&submit=Submit
http://atvb.ahajournals.org/search?author1=Soraya+Taleb&sortspec=date&submit=Submit
http://atvb.ahajournals.org/search?author1=Ziad+Mallat&sortspec=date&submit=Submit
http://atvb.ahajournals.org/search?author1=Alain+Tedgui&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed?term=Ghattas%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23973684
http://www.ncbi.nlm.nih.gov/pubmed?term=Griffiths%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=23973684
http://www.ncbi.nlm.nih.gov/pubmed?term=Devitt%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23973684
http://www.ncbi.nlm.nih.gov/pubmed?term=Lip%20GY%5BAuthor%5D&cauthor=true&cauthor_uid=23973684
http://www.ncbi.nlm.nih.gov/pubmed?term=Shantsila%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23973684
http://www.ncbi.nlm.nih.gov/pubmed/23973684
http://www.ncbi.nlm.nih.gov/pubmed/23973684
http://www.ncbi.nlm.nih.gov/pubmed?term=Sasaki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20051294
http://www.ncbi.nlm.nih.gov/pubmed?term=Takeishi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20051294
http://www.ncbi.nlm.nih.gov/pubmed?term=Suzuki%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20051294
http://www.ncbi.nlm.nih.gov/pubmed?term=Niizeki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20051294
http://www.ncbi.nlm.nih.gov/pubmed?term=Kitahara%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20051294
http://www.ncbi.nlm.nih.gov/pubmed?term=Katoh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20051294
http://www.ncbi.nlm.nih.gov/pubmed?term=Ishino%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20051294
http://www.ncbi.nlm.nih.gov/pubmed?term=Shishido%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20051294
http://www.ncbi.nlm.nih.gov/pubmed?term=Watanabe%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20051294
http://www.ncbi.nlm.nih.gov/pubmed?term=Kubota%20I%5BAuthor%5D&cauthor=true&cauthor_uid=20051294
http://www.ncbi.nlm.nih.gov/pubmed/20051294
http://www.ncbi.nlm.nih.gov/pubmed?term=Kato%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18701615
http://www.ncbi.nlm.nih.gov/pubmed?term=Chmielewski%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18701615
http://www.ncbi.nlm.nih.gov/pubmed?term=Honda%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18701615
http://www.ncbi.nlm.nih.gov/pubmed?term=Pecoits-Filho%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18701615
http://www.ncbi.nlm.nih.gov/pubmed?term=Pecoits-Filho%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18701615
http://www.ncbi.nlm.nih.gov/pubmed?term=Matsuo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18701615
http://www.ncbi.nlm.nih.gov/pubmed?term=Yuzawa%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18701615
http://www.ncbi.nlm.nih.gov/pubmed?term=Tranaeus%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18701615
http://www.ncbi.nlm.nih.gov/pubmed?term=Stenvinkel%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18701615
http://www.ncbi.nlm.nih.gov/pubmed?term=Lindholm%20B%5BAuthor%5D&cauthor=true&cauthor_uid=18701615
http://www.ncbi.nlm.nih.gov/pubmed/18701615
http://www.ncbi.nlm.nih.gov/pubmed/18701615
http://www.ncbi.nlm.nih.gov/pubmed?term=Avanzas%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19395434
http://www.ncbi.nlm.nih.gov/pubmed?term=Arroyo-Espliguero%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19395434
http://www.ncbi.nlm.nih.gov/pubmed?term=Kaski%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=19395434
http://www.ncbi.nlm.nih.gov/pubmed/19395434

