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ADMA predicts major adverse renal events in
patients with mild renal impairment and/or

diabetes mellitus undergoing coronary angiography
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Abstract N

Asymmetric dimethylarginine (ADMA) is a competitive inhibitor of the nitric oxide (NO)-synthase and a biomarker of endothelial |
dysfunction (ED). ED plays an important role in the pathogenesis of contrast-induced nephropathy (CIN). The aim of our study was to
evaluate serum ADMA concentration as a biomarker of an acute renal damage during the follow-up of 90 days after contrast medium
(CM) application.

Blood samples were obtained from 330 consecutive patients with diabetes mellitus or mild renal impairment immediately before, 24
and 48 hours after the CM application for coronary angiography. The patients were followed for 90 days. The composite endpoints were
major adverse renal events (MARE) defined as occurrence of death, initiation of dialysis, or a doubling of serum creatinine concentration.

Overall, ADMA concentration in plasma increased after CM application, although, there was no differences between ADMA levels in
patients with and without CIN. ADMA concentration 24 hours after the CM application was predictive for dialysis with a specificity of
0.889 and sensitivity of 0.653 at values higher than 0.71 wmol/L (area under the curve: 0.854, 95% confidential interval: 0.767-0.941,
P < 0.001). This association remained significant in multivariate Cox regression models adjusted for relevant factors of long-term renal
outcome. 24 hours after the CM application, ADMA concentration in plasma was predictive for MARE with a specificity of 0.833 and
sensitivity of 0.636 at a value of more than 0.70 wmol/L (area under the curve: 0.750, 95% confidence interval: 0.602-0.897, P=0.004).
Multivariate logistic regression analysis confirmed that ADMA and anemia were significant predictors of MARE. Further analysis revealed
that increased ADMA concentration in plasma was highly significant predictor of MARE in patients with CIN. Moreover, patients with CIN
and MARE had the highest plasma ADMA levels 24 hours after CM exposure in our study cohort. The impact of ADMA on MARE was
independent of such known CIN risk factors as anemia, pre-existing renal failure, pre-existing heart failure, and diabetes.

ADMA concentration in plasma is a promising novel biomarker of major contrast-induced nephropathy-associated events 90 days
after contrast media exposure.

Abbreviations: ADMA = asymmetric dimethylarginine, BMI = body mass index, CIN = contrast-induced nephropathy, CKD =
chronic kidney disease, CM = contrast medium, DDAH = dimethylarginine dimethylaminohydrolase, ED = endothelial dysfunction,
HIF-1a = hypoxia inducible factor-1a, MARE = major adverse renal events, MDRD formula = modification of diet in renal disease, NO
= nitric oxide, PCl = percutaneous coronary intervention, ROC curve = receiver operating characteristic, TGF-b1 = transforming

growth factor-b1.
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1. Introduction

Contrast-induced nephropathy (CIN) is one of the leading causes
of hospital-acquired acute kidney injury.™ It is associated with a
significantly higher risk of dialysis and mortality up to 1-year
after contract medium (CM) exposure.*™ Despite extensive
research, pathogenesis of this common complication of CM
exposure remains unclear. Some theories describe hypoxial®~"!
and oxidative stress'® ! of the kidney medulla as possible causes
of CIN. One of the main reasons of hypoxia is a vasoconstriction
caused by CM-induced decrease of nitric oxide (NO) concentra-
tion.['%13] Asymmetric dimethylarginine (ADMA) as an inhibitor
of the endogenous NO production is an important component of
this pathway. ADMA directly inhibits the NO-synthase!'*! and
competes with arginine (substrate of the NO-synthase) in the
cellular uptake, thereby decreasing intracellular NO produc-
tion."*"1*l ADMA mainly eliminated through the kidneys.!'”-'®!
Whether plasma concentration of ADMA is affected by acute and
chronic kidney injury has not specifically been addressed so far.
We investigated weather plasma ADMA concentration change
within the 48 hours after contrast media exposure correlated with
adverse renal events such as need for dialysis, doubling of serum
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creatinine, or death during 3 months of follow-up in patients with
high risk for developing of CIN.

2. Methods
2.1. Study design

The study was conducted according to the Declaration of
Helsinki, the European Guidelines on Good Clinical Practice, and
relevant national and regional authority requirements and ethics
committees. A cohort of 1824 patients who were submitted to
coronary angiography was screened for the study in the
Department of Cardiology of the Charité — Universititsmedizin
Berlin between January 2010 and December 2011. 330
consecutive patients with mild to moderate renal impairment
(creatinine>1.1mg/dL) or diabetes mellitus who signed an
inforrr[leg consent were eventually included into this prospective
study.l!

2.2. Inclusion criteria

Patients with plasma creatinine of at least 1.1 mg/dL and/or pre-
existing diabetes mellitus were enrolled into the study. Inclusion
criteria were based on the Mehran contrast nephropathy risk
score.!?!

2.3. Exclusion criteria

Patients with renal replacement therapy as well as patients who
did not sign an informed consent were excluded from the study
(Fig. 1).

2.4. Course of the study

Prior to coronary angiography, blood samples were obtained for
measurement of basal values (Fig. 2). After sampling, coronary
angiography with contrast medium was performed. Water-
soluble, nonionic, monomeric, low-osmolar, iodine-based con-
trast agent lobitridol was used in a concentration of 350 mg
iodine/mL (XENETIX 350, Guerbet GmbH, Sulzbach/Taunus,
Germany). After the procedure blood samples were obtained
24 hours and 3 months after contrast agent infusion.*!!
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Figure 1. Study population.

2.5. Sample treatment and measurement

The samples were frozen at —80°C the very same day. Before
freezing, blood samples were centrifuged for 5 minutes with 3000
rotates per minutes and only the plasma was frozen. Creatinine
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Figure 2. Design of the study.
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was measured according to the method of Jaffé. GFR was
estimated according to the modification of diet in renal disease
(MDRD) formula. For the measurement of ADMA concentration
in plasma, ADMA ELISA KIT K7860 (Immundiagnostik AG,
Bensheim, Deutschland) was used according to manufacturer
instruction.

2.6. Study outcome measures

Primary outcome measures were death, initiation of dialysis,
doubling of serum creatinine, and nonelective hospitalization
during the 3 months follow-up. Secondary outcome measures
were incidences of CIN and major adverse renal event (MARE).
CIN was defined as an increase of creatinine of 25% or 0.5 mg/dL
from the baseline within 48 hours.”*! MARE was defined as an
occurrence of death, initiation of dialysis, or a doubling of serum
creatinine concentration at follow-up.

2.7. Statistical analysis

The statistical analyses were made with SPSS 20 (IBM SPSS
Statisticsm, IBM Cooperation, Armonk). Differences among the
biomarkers were estimated with Mann-Whitney U test for or
Wilcoxon test for paired variables. Nonparametric tests were
used for the assessment of data in highly skewed distribution.
Specificity and sensitivity were determined by receiver operating
characteristic (ROC)-curves. For all analyses a 2-sided P <0.05
was considered statistically significant. Univariable logistic
regression analyses were used as a screening tool to perform a
backward stepwise multivariable model to identify independent
predictors of dialysis and MARE. Variables that showed an
association with the outcome characterized by a P value <0.25
on univariable analyses were selected for the multivariable
analysis. P values< 0.05 in the final multivariable model were
considered statistically significant.

3. Results

3.1. Patients characteristics

A total of 330 consecutive patients underwent coronary
angiography (254 [77.0%] men and 76 [23.0%] women) with
a mean age of 68.81+9.79 years, and a body mass index (BMI)
of 29.01+5.51kg/m?* was enrolled in the study. 178 (45.9%)
patients were previously diagnosed with diabetes mellitus, 81
(25.8%) suffered from congestive heart failure and 87 (26.4) had
an anemia (Table 1). The mean volume of injected contrast

Baseline characteristics of the cohort.

Patients characteristics N 330 (100%)
Female, %/male, % 76 (23.0%)/254 (77.0%)
Age, £SD years 68.81 (+9.79)
Body mass index, +SD kg/m? 29.01 (+5.51)
CM-volume, +SD mL 113.78 (£57.03)
Baseline creatinine, +SD mg/dL 1.24 (+0.45)
Baseline ADMA, +SD p.mol/L 0.63 (+0.17)

Baseline GFR, +SD mL/min/1.73 m?
Diabetes mellitus, %
Congestive heart failure, %

Anemia, %

64.56 (+21.42)
178 (45.9%)
87 (26.4)
89 (27.0%)

ADMA = asymmetric dimethylarginine, CM=contrast media, GFR=glomerulary filtration rate
according to the MDRD formula, SD=standard deviation.
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Figure 3. Plasma ADMA level before and 24hours after CM application
4P < 0.007. ADMA = asymmetric dimethylarginine, CM = contrast media.

medium was 113.78 + 57.03 mL. The mean glomerular filtration
rate (GFR) at baseline was 64.56+21.42mL/min/1.73 m*
(Table 1). The mean of baseline ADMA prior to contrast
injection was 0.63 (£0.17) pwmol/L.

3.2. Correlation between ADMA concentration in plasma
before and 24 hours after contrast media application and
the occurrence of the study endpoints

Overall, mean ADMA concentration in plasma was significantly
increased in our study cohort (Fig. 3).

ADMA levels in plasma were significantly lower in patients
with diabetes mellitus before CM exposure and significantly
higher 3 months after the coronary angiography. In patients with
congestive heart failure and anemia, ADMA concentration in
plasma was significantly increased before and 24 hours after CM
injection, although this difference remained significant after
90 days follow-up only in patients with cardiac insufficiency
(Table 2).

Nine patients (2.7%) died during the follow-up time of 90
days. CIN was diagnosed in 23 patients (7.0%) of our study
population. The levels of ADMA remained unchanged in
deceased patients as well as in patients with CIN during the study.

Twelve patients (3.6%) in our cohort required a dialysis
treatment in the following 3 months. ADMA concentration in
plasma before and 24 hours after CM injection was significantly
higher in patients requiring dialysis during the follow-up (Fig. 4).
ADMA concentration 24 hours after the CM application was a
predictor of dialysis with a specificity of 0.889 and sensitivity of
0.653 at values higher than 0.71 pmol/L (area under the curve:
0.854, 95% confidential interval: 0.767-0.941, P <0.001)
(Fig. 5). Multivariate logistic regression analysis confirmed that
ADMA was a significant predictor of dialysis (Table 3).

MAREs were determined in 18 patients (5.5%) of our study
population. MARE could be predicted by significantly higher
levels of ADMA in plasma 24 hours after CM injection (Table 2,
Fig. 6). Moreover, patients with at least 1 sign of MARE had
higher ADMA levels before the CM exposure. After CM
administration, the ADMA level increased in each of the MARE
patients. 24hours after the CM application, ADMA was a
predictor of MARE with a specificity of 0.833 and sensitivity of
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Correlation between concentration of plasma ADMA (imol/L) before and 24 h after contrast media application and the occurrence of the

study outcome measures.

ADMA before

ADMA 24h after Change of ADMA

N Mean (+SD) P N Mean (+SD) P N Mean (+SD) P

Whole cohort 330 0.63 (+0.17) 288 0.68 (+0.19) 288 0.05 (+0.15) <0.001"

Diabetes mellitus No 151 0.66 (+0.17) 0.003" 130 0.68 (+0.20) 0.801 130 0.03 (+0.15) 0.013"
Yes 178 0.60 (+0.16) 157 0.68 (+0.17) 157 0.07 (+0.14)

Congestive heart failure No 243 0.61 (+0.17) <0.001" 215 0.65 (+0.17) <0.001" 215 0.04 (+0.14) 0.019"
Yes 87 0.67 (+0.16) 73 0.76 (+0.21) 73 0.09 (+0.16)

Anemia No 239 0.61 (+0.15) 0.008" 209 0.66 (+0.18) 0.011" 209 0.05 (+0.14) 0.860
Yes 9N 0.68 (+0.20) 79 0.72 (0.20) 79 0.06 (+0.16)

CIN No 275 0.63 (+0.16) 0.639 264 0.68 (+0.18) 0.284 264 0.05 (+0.15) 0.878
Yes 23 0.62 (+0.17) 20 0.68 (+0.26) 20 0.07 (+0.15)

Dialysis No 276 0.61 (+0.16) 0.001" 244 0.67 (+0.18) <0.001" 244 0.05 (+0.18) 0.094
Yes 12 0.80 (+0.22) 9 0.95 (+0.27) 9 0.16 (+0.28)

Death No 279 0.63 (+0.16) 0.696 247 0.68 (+0.19) 0.330 247 0.05 (+0.19) 0.260
Yes 9 0.64 (+0.14) 6 0.79 (+0.20) 6 0.14 (0.31)

Doubled creatinine No 234 0.63 (+0.16) 0.085 209 0.68 (+0.18) 0.091 209 0.05 (+0.15) 0.993
Yes 1 135 () 1 139 1 0.05 ()

MARE No 225 0.63 (+0.16) 0.062 203 0.68 (+0.68) 0.005" 203 0.05 (+0.18) 0.044"
Yes 18 0.72 (+0.22) 12 0.87 (+0.28) 12 0.15 (+:0.28)

“P<0.05.

ADMA = asymmetric dimethylarginine, CIN=contrast induced nephropathy, MARE =major advance renal event, SD =standard deviation.

0.636 at a value of more than 0.70 pmol/L (area under the curve:
0.750, 95 % confidence interval: 0.602-0.897, P=0.004) (Fig. 7).
Multivariate logistic regression analysis confirmed that ADMA
and anemia were significant predictors of MARE (Table 4).

Further analysis revealed that increased ADMA concentration
in plasma was highly significant predictor of MARE in patients
with CIN (Fig. 8). Moreover, patients with CIN and MARE had
the highest plasma ADMA levels 24 hours after CM exposure in
our study cohort.

4. Discussion

To our knowledge, this is the first study demonstrating that
concentration of ADMA in plasma is a predictor of MARE in
general and for requirement of dialysis in particular in patients
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Figure 4. Changes in plasma concentration of ADMA before and 24 hours
after CM application in patients with and without dialysis need during 3 months
of follow-up **P < 0.01, ***P <0.001. ADMA = asymmetric dimethylarginine,
CM=contrast media.

with pre-existing renal impairment or diabetes undergoing CM
exposure. Concentration of ADMA in plasma exceeding 0.71
mol/l 24 hours after the CM application was significant predictor
of dialysis. Increased plasma ADMA levels were significantly
higher in patients with MARE 24 hours and 3 months after CM
exposure and plasma ADMA of more than 0.70 pmol/l 24 hours
after the CM application was a significant predictor of MARE in
our patients cohort.
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Figure 5. ROC curve of plasma concentration of ADMA 24 hours after CM
application and dialysis need during 3 months of follow-up. ADMA =
asymmetric dimethylarginine, CM = contrast media, ROC = receiver operating
characteristic.
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Multivariate logistic regression analysis for predictors of dialysis.

95% Cl
Variables B SE Wald Lower Upper P
ADMA 24 h after CM application 4977 1.577 9.964 6.597 3187,882 0.002"
GFR before CM application —0.018 0.015 1.384 0.954 1.012 0.239
Anemia —1.569 0.834 3.535 0.041 1.069 0.060
Congestive heart failure —0.693 0.779 0.791 0.109 2.303 0.374
Diabetes mellitus —0.194 0.857 0.051 0.154 4.416 0.821
Contrast volume 0.008 0.006 2.014 0.997 1.020 0.156

ADMA =asymmetric dimethylarginine, Cl=confidence interval, CM = contrast media, GFR = glomerular filtration rate according to the MDRD formula, SE=standard error.

“P<0.05.

Increase of ADMA concentration in plasma was described in
several pathological conditions, such as arterial hypertension,
coronary disease, pulmonary hypertension, hyperhomocystei-
naemia, pre-eclamsia, diabetes mellitus, peripheral vascular
occlusion disease, chronic kidney disease,>”! and end-stage
renal disease.[*®8]

As in our population, increased levels of ADMA in patients with
impaired renal function were previously described. Higher ADMA
levels were associated with progression of albuminuria®®! and
proteinuria in type 2 diabetic patients.”*! Another study on
patients with stage 1 chronic kidney disease (CKD) and diabetes
mellitus showed that reduction of proteinuria is accompanied by a
lower ADMA level in serum, suggesting that increased cell death
may contribute to ADMA formation and endothelial dysfunction
in diabetic CKD.% Yilmaz®!! showed that ADMA was higher in
patients with nephritic proteinuria as compared with non-nephritic
proteinuric patients independently of glomerular filtration rate.
Increased ADMA levels were detected in children with steroid
resistant nephrotic syndrome due to sporadic focal segmental
glomerulosclerosis compared to healthy age matched controls.>?!

ADMA concentration in plasma is a biomarker for endothelial
dysfunction®! associated with increased risk of cardiovascular
mortality and morbidity**>7! and progressive loss of renal
function.!>5-38:31

Similar to our findings, the association between high ADMA
serum concentrations and deterioration of renal function was
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Figure 6. Changes in plasma concentration of ADMA before and 24 hours
after CM application in patients with and without MARE during 3 months of
follow-up. ADMA = asymmetric dimethylarginine, CM=contrast media,
MARE = major adverse renal event.

T
before

previously reported, suggesting that ADMA may be used as a
biomarker for progression of renal disease.***°! In addition,
ADMA levels increased with decline in GFR and development of
ESRD in a prospective observational follow-up study on patients
with diabetic nephropathy in type 1 diabetes.**! Moreover, high
ADMA concentration in plasma significantly correlated with
doubling of serum creatinine levels!*! and all-cause mortality!**!
in renal transplant recipients. Furthermore, increased serum
ADMA levels were detected at early stages of CKD in patients
with polycystic kidney disease.!*?!

Preclinical studies are in line with results of clinical trials. In
rats with a unilateral nephrectomy, ADMA administration for 8
weeks lead to increased renal oxidative stress, induction of
glomerular and vascular fibrosis, evidenced by increased collagen
type I and type II and fibronectin deposition and decreased
peritubular capillary network.**! In this study, the mRNA
expression of collagen type I and the renal concentration of
transforming growth factor-B1 (TGF-B1) was higher in animals
treated with ADMA.** A significant direct correlation between
TGF-B1, angiotensin I, hypoxia inducible factor-1a (HIF-1a),

ROC Curve
1,07
0,8
,‘i‘" 0,6
2
=
172}
@
v 0,47
AUC =0.750
0,27 95% C.1.=0.602-0.897
P =0.004
0, T T T T
0,0 0,2 0,4 0,6 0,8 1,0

1 - Specificity

Figure 7. ROC curve of plasma concentration of ADMA 24 hours after CM
application and MARE during the 3 months follow-up. ADMA = asymmetric
dimethylarginine, CM =contrast media, MARE =major adverse renal event.
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Table 4
Multivariate logistic regression analysis for predictors of MARE.

95% CI
Variables B SE Wald Lower Upper P
ADMA 24 h after CM application 3.397 1.378 6.073 2.004 445,024 0.014"
GFR before CM application —0.010 0.013 0.629 0.966 1.015 0.428
Anemia —1.500 0.699 4.601 0.057 0.879 0.032
Congestive heart failure -0.718 0.669 1.149 0.131 1.812 0.284
Diabetes mellitus 0.100 0.694 0.021 0.284 4.308 0.885
Contrast volume 0.003 0.005 0.363 0.993 1.014 0.547

ADMA =asymmetric dimethylarginine, Cl=confidence interval, CM = contrast media, GFR = glomerular filtration rate according to the MDRD formula, SE=standard error.

“P<0.05.

and endothelin-1"* was reported. Chronic renal hypoxia is an
important prognostic factor for progression of tubulointerstitial
fibrosis and glomerulosclerosis in CKD patients.*>**¢! Changes in
the ADMA-NO-system were reported not only in chronic but
also in acute kidney injury. Urinary ADMA excretion was
significantly increased in a rhabdomyolysis-related acute renal
injury model in rats.!”!

Possible mechanisms by which endogenous ADMA is involved
in the pathogenesis of CM nephropathy are decrease of renal NO
and increase of renal O, concentration that promote reabsorption
of NaCl resulting in hypertension.***”) Vasoconstriction and
increased blood pressure impair endothelial-dependent relaxation
and increase adhesion ability of endothelial cells, causing an
endothelial dysfunction.*®*"! Endothelial dysfunction in turn
increases ADMA concentration causing a vicious circle.>”!

In the available literature, there are a couple of studies
reporting ADMA levels in patients undergoing a coronary
angiography®'* but only a few of them compare ADMA
values before and after the CM exposure.>5=57]

In contrast to us, Bozlar et al**! measured ADMA levels only
immediately after the CM application in a small cohort of 68
patients without renal impairment. His findings were heteroge-
neous, showing either no change or a reduction of ADMA levels
in serum after CM administration dependent on the performed
procedure. In patients with coronary heart disease, percutaneous
coronary intervention (PCI) with stent placement markedly
decreases plasma level of ADMA in contrast to coronary

MARE
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Figure 8. Difference in plasma concentration of ADMA depending on MARE
and CIN during 3 months of follow-up. ADMA = asymmetric dimethylarginine,
CIN =contrast induces nephropathy, MARE =major adverse renal event, ME =
mean, SD=standard deviation.

angiography alone, which resulted in a steady increase of ADMA
levels in plasma measured 5 and 30 days after procedure.*® This
outcome is in line with our results and literature data describing
ADMA as a biomarker of cardiovascular disorders.**! Similarly,
Giinebakmaz et al®* analyzed incidence of CIN and ADMA
concentration in patients with stable angina pectoris, undergoing
coronary angiography and ventriculography 6 hours before and
12 hours after the procedure. They found a positive correlation
between serum creatinine change and serum ADMA level. In
addition, they could show that increased serum ADMA is an
independent predictor of CIN. Bae et al'*! also proposed ADMA
as a biomarker of cardiac disorders, showing that initially
elevated plasma ADMA concentrations in newly diagnosed
patients with acute myocardial infarction or unstable angina
pectoris decreased during 2 weeks of medical therapy, which
included various combinations of drugs with or without
percutaneous coronary interventions. This fact has to be taken
into account, when considering ADMA as a biomarker of renal
injury in patients with cardiac disorders. A limitation of our study
is given by the relatively small sample size and heterogeneity of
the disease phenotypes within our cohort of patients.>®!

In conclusion, plasma concentration of ADMA is a promising
biomarker of major adverse renal event and need for dialysis after
contrast medium exposure. ADMA as a renal injury biomarker
has to be used with precautions in patients with cardiac failure.

References

[1] Nash K, Hafeez A, Hou S. Hospital-acquired renal insufficiency. Am J
Kidney Dis 2002;39:930-6.

[2] Levy EM, Viscoli CM, Horwitz RL The effect of acute renal failure on
mortality. A cohort analysis. JAMA 1996;275:1489-94.

[3] Gruberg L, Mintz GS, Mehran R, et al. The prognostic implications of
further renal function deterioration within 48h of interventional
coronary procedures in patients with pre-existent chronic renal
insufficiency. ] Am Coll Cardiol 2000;36:1542-8.

[4] Rihal CS, Textor SC, Grill DE, et al. Incidence and prognostic
importance of acute renal failure after percutaneous coronary interven-
tion. Circulation 2002;105:2259-64.

[5] Heyman SN, Brezis M, Epstein FH, et al. Early renal medullary hypoxic
injury from radiocontrast and indomethacin. Kidney international
1991;40:632-42.

[6] Liss P, Nygren A, Erikson U, et al. Injection of low and iso-osmolar
contrast medium decreases oxygen tension in the renal medulla. Kidney
Int 1998;53:698-702.

[7] Hofmann L, Simon-Zoula S, Nowak A, et al. BOLD-MRI for the
assessment of renal oxygenation in humans: acute effect of nephrotoxic
xenobiotics. Kidney Int 2006;70:144-50.

[8] Heyman SN, Rosen S, Rosenberger C. Renal parenchymal hypoxia,
hypoxia adaptation, and the pathogenesis of radiocontrast nephropathy.
Clin J] Am Soc Nephrol 2008;3:288-96.

[9] Heyman SN, Rosen S, Khamaisi M, et al. Reactive oxygen species and the
pathogenesis of radiocontrast-induced nephropathy. Invest Radiol
2010;45:188-95.



Heunisch et al. Medicine (2017) 96:6

[10] Katholi RE, Woods WTJr, Taylor GJ, et al. Oxygen free radicals and
contrast nephropathy. Am ] Kidney Dis 1998;32:64-71.

[11] Bakris GL, Lass N, Gaber AO, et al. Radiocontrast medium-induced
declines in renal function: a role for oxygen free radicals. Am ] Physiol
1990;258:F115-120.

[12] Ignarro L], Lippton H, Edward JC, et al. Mechanism of vascular smooth
muscle relaxation by organic nitrates, nitrites, nitroprusside and nitric
oxide: evidence for the involvement of S-nitrosothiols as active
intermediates. ] Pharmacol Exp Ther 1981;218:739-49.

[13] Sendeski M, Patzak A, Pallone TL, et al. Iodixanol, constriction of
medullary descending vasa recta, and risk for contrast medium-induced
nephropathy. Radiology 2009;251:697-704.

[14] Vallance P, Leone A, Calver A, et al. Endogenous dimethylarginine as an
inhibitor of nitric oxide synthesis. ] Cardiovasc Pharmacol 1992;20
(suppl 12):S60-2.

[15] Closs EI, Simon A, Vekony N, et al. Plasma membrane transporters for
arginine. ] Nutr 2004;134:27525-9S. discussion 27655-2767S.

[16] Schwedhelm E, Boger RH. The role of asymmetric and symmetric
dimethylarginines in renal disease. Nat Rev Nephrol 2011;7:275-85.

[17] Sukhovershin RA, Gilinsky MA. The influence of acute renal injury on
arginine and methylarginines metabolism. Renal Fail 2013;35:1404-11.

[18] Chen GF, Moningka NC, Sasser JM, et al. Arginine and asymmetric
dimethylarginine in puromycin aminonucleoside-induced chronic kidney
disease in the rat. Am ] Nephrol 2012;35:40-8.

[19] Chaykovska L, Heunisch F, von E, et al. Urinary vitamin D binding

protein and KIM-1 are potent new biomarkers of major adverse renal

events in patients undergoing coronary angiography. PLoS One 2016;11:

e0145723.

Mehran R, Aymong ED, Nikolsky E, et al. A simple risk score for

prediction of contrast-induced nephropathy after percutaneous coronary

intervention: development and initial validation. ] Am Coll Cardiol
2004;44:1393-9.

[21] Heunisch F, von Einem G, Alter M, et al. Urinary ET-1 excretion after
exposure to radio-contrast media in diabetic patients and patients with
preexisting mild impaired renal function. Life Sci 2014;118:440-5.

[22] Parfrey PS, Griffiths SM, Barrett BJ, et al. Contrast material-induced
renal failure in patients with diabetes mellitus, renal insufficiency, or
both. A prospective controlled study. N Engl ] Med 1989;320:143-9.

[23] Caglar K, Yilmaz MI, Sonmez A, et al. ADMA, proteinuria, and insulin
resistance in non-diabetic stage I chronic kidney disease. Kidney Int
2006;70:781-7.

[24] Fliser D, Kronenberg F, Kielstein JT, et al. Asymmetric dimethylarginine
and progression of chronic kidney disease: the mild to moderate kidney
disease study. ] Am Soc Nephrol 2005;16:2456-61.

[25] Ravani P, Tripepi G, Marberti F, et al. Asymmetrical dimethylarginine
predicts progression to dialysis and death in patients with chronic kidney
disease: a competing risks modeling approach. ] Am Soc Nephrol
2005;16:2449-55.

[26] Zoccali C, Kielstein JT. Asymmetric dimethylarginine: a new player in
the pathogenesis of renal disease? Curr Opin Nephrol Hypertens
2006;15:314-20.

[27] Young JM, Terrin N, Wang X, et al. Asymmetric dimethylarginine and
mortality in stages 3 to 4 chronic kidney disease. Clin ] Am Soc Nephrol
2009;4:1115-20.

[28] Zoccali C, Benedetto FA, Maas R, et al. Asymmetric dimethylarginine,
C-reactive protein, and carotid intima-media thickness in end-stage renal
disease. ] Am Soc Nephrol 2002;13:490-6.

[29] Hanai K, Babazono T, Nyumura I, et al. Asymmetric dimethylarginine is
closely associated with the development and progression of nephropathy in
patients with type 2 diabetes. Nephrol Dial Transplant 2009;24:1884-8.

[30] Yilmaz MI, Sonmez A, Saglam M, et al. Reduced proteinuria using

ramipril in diabetic CKD stage 1 decreases circulating cell death receptor

activators concurrently with  ADMA. A novel pathophysiological
pathway? Nephrol Dial Transplant 2010;25:3250-6.

Yilmaz MI, Sonmez A, Saglam M, et al. ADMA levels correlate with

proteinuria, secondary amyloidosis, and endothelial dysfunction. ] Am

Soc Nephrol 2008;19:388-95.

Lucke T, Kanzelmeyer N, Chobanyan K, et al. Elevated asymmetric

dimethylarginine (ADMA) and inverse correlation between circulating

ADMA and glomerular filtration rate in children with sporadic focal

segmental glomerulosclerosis (FSGS). Nephrol Dial Transplant 2008;

23:734-40.

Boger RH, Bode-Boger SM, Szuba A, et al. Asymmetric dimethylarginine

(ADMA): a novel risk factor for endothelial dysfunction: its role in

hypercholesterolemia. Circulation 1998;98:1842-7.

[20

[31

132

33

www.md-journal.com

[34] Konya H, Miuchi M, Satani K, et al. Asymmetric dimethylarginine, a
biomarker of cardiovascular complications in diabetes mellitus. World J
Exp Med 2015;5:110-9.

[35] Boger RH, Zoccali C. ADMA: a novel risk factor that explains excess
cardiovascular event rate in patients with end-stage renal disease.
Atheroscler Suppl 2003;4:23-8.

[36] Miyazaki H, Matsuoka H, Cooke JP, et al. Endogenous nitric oxide
synthase inhibitor: a novel marker of atherosclerosis. Circulation
1999;99:1141-6.

[37] Zoccali C, Bode-Boger S, Mallamaci F, et al. Plasma concentration of
asymmetrical dimethylarginine and mortality in patients with end-stage
renal disease: a prospective study. Lancet 2001;358:2113-7.

[38] Baylis C, Arginine . arginine analogs and nitric oxide production in
chronic kidney disease. Nat Clin Pract Nephrol 2006;2:209-20.

[39] Vallance P, Leiper J. Asymmetric dimethylarginine and kidney disease—
marker or mediator? ] Am Soc Nephrol 2005;16:2254-6.

[40] Lajer M, Tarnow L, Jorsal A, et al. Plasma concentration of asymmetric
dimethylarginine (ADMA) predicts cardiovascular morbidity and
mortality in type 1 diabetic patients with diabetic nephropathy. Diabetes
Care 2008;31:747-52.

[41] Abedini S, Meinitzer A, Holme I, et al. Asymmetrical dimethylarginine is
associated with renal and cardiovascular outcomes and all-cause
mortality in renal transplant recipients. Kidney Int 2010;77:44-50.

[42] Frenay AR, van den Berg E, de Borst MH, et al. Plasma ADMA associates
with all-cause mortality in renal transplant recipients. Amino Acids
2015;16:16.

[43] Wang D, Strandgaard S, Borressen ML, et al. Asymmetric dimethy-
larginine and lipid peroxidation products in early autosomal dominant
polycystic kidney disease. Am ] Kidney Dis 2008;51:184-91.

[44] Mihout F, Shweke N, Bige N, et al. Asymmetric dimethylarginine
(ADMA) induces chronic kidney disease through a mechanism involving
collagen and TGF-betal synthesis. ] Pathol 2011;223:37-435.

[45] Nangaku M. Chronic hypoxia and tubulointerstitial injury: a final common
pathway to end-stage renal failure. ] Am Soc Nephrol 2006;17:17-25.

[46] Fine LG, Orphanides C, Norman JT. Progressive renal disease: the
chronic hypoxia hypothesis. Kidney Int Suppl 1998;65:574-78.

[47] Cabral PD, Garvin JL. Luminal flow regulates NO and O2(-) along the
nephron. Am ] Physiol Renal Physiol 2011;300:F1047-53.

[48] Achan V, Broadhead M, Malaki M, et al. Asymmetric dimethylarginine
causes hypertension and cardiac dysfunction in humans and is actively
metabolized by dimethylarginine dimethylaminohydrolase. Arterioscler
Thromb Vasc Biol 2003;23:1455-9.

[49] Boger RH, Bode-Boger SM, Tsao PS, et al. An endogenous inhibitor of
nitric oxide synthase regulates endothelial adhesiveness for monocytes. J
Am Coll Cardiol 2000;36:2287-95.

[50] Fujiwara N, Osanai T, Kamada T, et al. Study on the relationship
between plasma nitrite and nitrate level and salt sensitivity in human
hypertension: modulation of nitric oxide synthesis by salt intake.
Circulation 2000;101:856-61.

[51] LuTM, Chung MY, Lin MW, et al. Plasma asymmetric dimethylarginine
predicts death and major adverse cardiovascular events in individuals
referred for coronary angiography. Int J Cardiol 2011;153:135-40.

[52] Lu TM, Ding YA, Lin SJ, et al. Plasma levels of asymmetrical
dimethylarginine and adverse cardiovascular events after percutaneous
coronary intervention. Eur Heart ] 2003;24:1912-9.

[53] Meinitzer A, Lielstein JT, Pitz S, et al. Symmetrical and asymmetrical
dimethylarginine as predictors for mortality in patients referred for
coronary angiography: the Ludwigshafen Risk and Cardiovascular
Health study. Clin Chem 2011;57:112-21.

[54] Gunebakmaz O, Duran M, Karakaya E, et al. Increased serum
asymmetric dimethylarginine level is an independent predictor of
contrast-induced nephropathy. Turk Kardiyol Dern Ars 2013;41:581-8.

[55] Bozlar U, Ugurel MS, Ozcan O, et al. Impact of catheter arteriography on
the serum level of asymmetric dimethylarginine, an endogenous inhibitor
of nitric oxide synthase. Cardiovasc Intervent Radiol 2008;31:490-5.

[56] Ajtay Z, Scalera F, Cziraki A, et al. Stent placement in patients with
coronary heart disease decreases plasma levels of the endogenous nitric
oxide synthase inhibitor ADMA. Int ] Mol Med 2009;23:651-7.

[57] Bae SW, Stuhlinger MC, Yoo HS, et al. Plasma asymmetric
dimethylarginine concentrations in newly diagnosed patients with acute
myocardial infarction or unstable angina pectoris during two weeks of
medical treatment. Am ] Cardiol 2005;95:729-33.

[58] Drucker E, Krapfenbauer K. Pitfalls and limitations in translation from
biomarker discovery to clinical utility in predictive and personalised
medicine. EPMA J 2013;4:7.


http://www.md-journal.com

	ADMA predicts major adverse renal events in patients with mild renal impairment and/or <?<?diabetes mellitus undergoing coronary angiography
	Outline placeholder
	1 Introduction
	2 Methods
	2.5 Sample treatment and measurement

	3 Results
	3.2 Correlation between ADMA concentration in plasma before and 24&x0200A;hours after contrast media application and the occurrence of the study endpoints

	4 Discussion

	References


