NEFROLOGIA2022;42(2):177-185

)
‘ )‘ nefrol iy
| |
I -

Y nefrolfelepl]

Sociedad

Espanola de Revista de la Sociedad Espafola de Nefrologia

Nefrologia . . e vt e ot s

www.revistanefrologia.com g,

Original article
Diabetes acts on mortality in hemodialysis patients
predicted by asymmetric dimethylarginine
and inflammation
Mauro Sergio Martins Marrocos“"*, Andrei Alkmim Teixeira®, Beata Marie Quinto?,
Maria Eugénia Fernandes Canzian®, Silvia Manfredi®, Marcelo Costa Batista “-°
@ Universidade Federal de Sdo Paulo, Rua Pedro de Toledo, 781 14 andar, Vila Clementino, CEP: 04039-032 Sdo Paulo, SP, Brazil
b Hospital do Servidor Publico do Estado de Sdo Paulo, Rua Pedro de Toledo, 1800, CEP: 04039-901 Sdo Paulo, SP, Brazil
¢ Hospital Israelita Albert Einstein, Av. Albert Einstein, 627/701, Morumbi, CEP 05652-900 Sdo Paulo, SP, Brazil
ARTICLE INFO ABSTRACT
Article history: Background: The mortality rate of diabetic patients on dialysis is higher than that of non-
Received 15 September 2020 diabetic patients. Asymmetric dimethylarginine and inflammation are strong predictors
Accepted 10 February 2021 of death in hemodialysis. This study aimed to evaluate asymmetric dimethylarginine and

C-reactive protein interaction in predicting mortality in hemodialysis according to the pres-
ence or absence of diabetes.

Keywords: Methods: Asymmetric dimethylarginine and C-reactive protein were measured in
Inflammation 202 patients in maintenance hemodialysis assembled from 2011 to 2012 and followed for
Asymmetric dimethylarginine four years. Effect modification of C-reactive protein on the relationship between asymmetric
Hemodialysis dimethylarginine and all-cause mortality was investigated dividing the population into four
Diabetes categories according to the median of asymmetric dimethylarginine and C-reactive protein.
Effect modification Results: Asymmetric dimethylarginine and C-reactive protein levels were similar between

diabetics and non-diabetics. Asymmetric dimethylarginine - median IQR pM —(1.95 1.75-2.54
versus 1.03 0.81-1.55 P=0.000) differed in non-diabetics with or without evolution to death
(HR 2379 CI 1.36-3.68 P=0.000) and was similar in diabetics without or with evolution to
death. Among non-diabetics, the category with higher asymmetric dimethylarginine and
C-reactive protein levels exhibited the highest mortality (69.0% P =0.000). No differences in
mortality were seen in diabetics. A joint effect was found between asymmetric dimethylargi-
nine and C-reactive protein, explaining all-cause mortality (HR 15.21 CI 3.50-66.12 P =0.000).
Conclusions: Asymmetric dimethylarginine is an independent predictor of all-cause mortal-
ity in non-diabetic patients in hemodialysis. Other risk factors may overlap asymmetric
dimethylarginine in people with diabetes. Inflammation dramatically increases the risk of

death associated with high plasma asymmetric dimethylarginine in hemodialysis.
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La diabetes modifica la asociacién entre mortalidad y niveles elevados de
dimetilarginina asimétrica e inflamacion en pacientes en hemodiilisis

RESUMEN

Palabras clave:

Inflamacién
Dimetilarginina asimétrica
Hemodidlisis

Diabetes

Modificacién del efecto

Fundamento: La tasa de mortalidad de los pacientes diabéticos em didlisis se ha referido
que es superior a la de los no diabéticos. La dimetilarginina asimétrica y la inflamacién
son potentes predictores de muerte en hemodialisis. Este estudio tuvo como objetivo eval-
uar la interaccién de dimetilarginina asimétrica y proteina C reactiva en la prediccién de
mortalidad en hemodidlisis segun la presencia o ausencia de diabetes.
Métodos: Se midieron dimetilarginina asimétrica y proteina C reactiva en 202 pacientes en
hemodidlisis de mantenimiento reclutados entre 2011 a 2012 y seguidos durante cuatro
anos. Se investigd la modificacién del efecto de la proteina C reactiva en la relacién entre
dimetilarginina asimétrica y la mortalidad por todas las causas dividiendo la poblacién en
cuatro categorias segiin la mediana de dimetilarginina asimétrica y proteina C reactiva.
Resultados: Los niveles de dimetilarginina asimética y proteina C reactiva fueron similares
entre diabéticos y no diabéticos. Dimetilarginina asimétrica - mediana IQR uM - (1,95 1,75
- 2,54 versus 1,03 0,81 - 1,55 P = 0,000) difirié en los no diabéticos con o sin evolucién a la
muerte (OR 2379 IC 1,36 - 3,68 P = 0,000) y fue similar en los diabéticos sin o con evolu-
cién a muerte. Entre los no diabéticos, la categoria con niveles mas altos de dimetilarginina
asimétrica y proteina C reactiva presenté la mayor mortalidad (69,0% P = 0,000). No se obser-
varon diferencias en la mortalidad en los diabéticos. Se encontré un efecto conjunto entre
la dimetilarginina asimétrica y la proteina C reactiva, lo que explica la mortalidad por todas
las causas (OR 15,21 IC 3,50-66,12 P = 0,000).
Conclusiones: La dimetilarginina asimétrica es un predictor independiente de mortalidad por
todas las causas en pacientes no diabéticos en hemodidlisis. Otros factores de riesgo pueden
superponerse a la dimetilarginina asimétrica en personas con diabetes. La inflamacién
aumenta drasticamente el riesgo de muerte asociado con niveles plasméticos elevados de
dimetilarginina asimétrica en pacientes en hemodialisis.
© 2021 Sociedad Espaiiola de Nefrologia. Publicado por Elsevier Espaiia, S.L.U. Este es un
articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/
by-nc-nd/4.0/).

Introduction

by CRP and interleukin 6 (IL-6), amplifies the risk of death and
cardiovascular events associated with high ADMA levels in
ESRD.™

Accumulation of asymmetric dimethylarginine (ADMA) con-
tributes to hypertension, immune dysfunction, and cardiovas-
cular diseases (CVD) in renal disease patients.»? ADMA, as the
primary endogenous inhibitor of nitric oxide (NO), is a causal
factor for endothelial dysfunction®* and plays a pivotal role
in the process of atherosclerosis in a uremic environment.”
Indeed, it can be used as a cardiovascular and all-cause mor-
tality biomarker in hemodialysis.®” ADMA is considered a
full-scale uremic toxin and inflammatory inducer in end-stage
renal disease (ESRD).®

On the other hand, inflammation has been recognized as
a contributing factor to the pathophysiology of chronic kid-
ney disease (CKD) and is associated with CVD and mortality.’
Higher C-reactive protein (CRP) values were strongly associ-
ated with mortality in DOPPS.'° Chronic inflammation is a
major pathway leading to endothelial dysfunction in CKD."!

The interplay between ADMA and inflammation is a rele-
vantissue. ADMA is useful in predicting cardiovascular events
and enhancing CRP’s predictive role in patients with diabetes
mellitus (DM).'? ADMA and CRP also interact in hemodialysis
(HD), functioning as an independent predictor of the progres-
sion of intima-media thickness.!® Inflammation, as assessed

DM has been associated with higher mortality in dialy-
sis cohorts.’>" Since DM is such a prevalent and critical
comorbid condition in the ESRD population, it is essential to
understand better its association with biomarkers of endothe-
lial dysfunction and inflammation in HD. The assessment
of ADMA and PCR interaction as predictors of HD mortality
according to the absence or presence of DM was the study’s
objective.

Materials and methods
Study population

From April to October 2012, we enrolled two hundred and
twenty patients receiving chronic in-center hemodialysis at
two units or one hospital-based unit in the greater Sdo Paulo
area, using semi-synthetic or synthetic membranes (Fig. 1),
for at least 3 months. Demographic, clinical, and labora-
tory characteristics were ascertained at the time of study
enrollment. Demographic and clinical data were obtained
through participant reports and review of medical charts. The
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Fig. 1 - Patients flow diagram.

race assignment was determined by patient self-classification.
CVD was considered when identified in office or registry
files history of stroke, peripheral vascular disease, coro-
nary artery disease, or congestive heart failure (CHF).'® The
identification of DM was made according to the American
Diabetes Association Guidelines.’ After the initial assess-
ment, patients were followed up for four years, and all-cause
mortality was recorded. Eighteen patients out of two hun-
dred and twenty were lost on follow-up. Exclusion criteria
were as follows: CHF, aged under 18 years, clinical or lab-
oratory suspicion of acute renal failure, pregnancy, and
cancer.

The Ethics and Research Committee of the Fed-
eral University of Sdo Paulo approved this study (no.
03827512.2.0000.5505). It was conducted according to the
guideline of Good Clinical Practice and the principles of the
Declaration of Helsinki and its later amendments or compa-
rable ethical standards. Informed consent was obtained from
all individual participants included in the study. All patients
received relevant explanations and signed the Ethics and
Research Committee Informed Consent.

Laboratory measurements

Each sample was collected pre-dialysis, centrifuged, and
frozen at —80°C, and it had not been previously thawed
before testing. Automated enzymatic assays determined
plasma concentrations of glucose, total cholesterol, and
triglycerides. HDL was measured in serum by the homo-
geneous method. LDL was calculated according to the
Friedewald equation. Creatinine was established by the Jaffé
method with calibration traceable to an isotope dilution mass
spectrometry reference measurement procedure.’’ CRP was
measured by ultrasensitive immunoturbidimetry and ADMA
by HPLC.?122

Statistical analysis

Results were expressed as mean=+SD, median and
interquartile range (IQR), or frequency. We used the
Kolmogorov-Smirnov test of a sample to test whether a
variable follows the normal distribution. Comparisons among
groups were made by the Student’s t and Mann-Whitney
tests (continuous variables) or Chi-squared test (dichotomic
variables or percentage). Comparisons of frequency between
groups were performed using the Pearson chi-square test. The
relationship between continuous variables was investigated
by the Pearson product-moment correlation coefficient (r) and
P-value. The independent predictive value of ADMA and CRP
for death was analyzed by multiple Cox regression analysis
models adjusted for traditional risk factors and non-factors
peculiar to ESRD. The effect modification of CRP on the
relationship between ADMA and outcomes was investigated
by dividing the study population into four categories accord-
ing to the median values of ADMA and CRP.'* Synergism
between CRP and ADMA was defined as a deviation from
additivity?® occurring when the observed hazard ratio (HR)
for study outcomes of patients with both high CRP and high
ADMA was higher than that expected by summing up the
hazard ratio of those with elevated CRP and low ADMA or
low CRP and high ADMA minus one. In relative terms, the
effect modification of inflammation biomarkers on ADMA's
predictive value was investigated by multiple Cox regression
analyses. The relative excess risk due to interaction (RERI)
(RERI=HR,, —HR,_ —HR_, +1) and the attributable propor-
tion due to interaction (AP) (AP=RERI/HR,.) were used to
evaluate the occurrence of statistical interaction derived from
Cox regression models of ADMA and CRP groups (below/above
the corresponding median values).?>?* Results were reported
with the separate effect of each exposure and the joint effect
compared to the joint reference category to permit the evalu-
ation of both additive and multiplicative interaction.?* In the
absence of an interaction effect, RERI and AP were considered
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Table 1 - Demographic, clinical, and laboratory characteristics of non-diabetics and diabetics.

TOTAL (N=162) DM- (N=112) DM+ (N=50) P
Age (years) 52.5+14.9 50.2+15.1 57.1+13.3 0.002"
Male 95 (58.4%) 63(56.6%) 41(62.1%) 0.457""
Caucasian 110 (68.3%) 76 (67.6%) 35(69.7%) 0.144"
BMI (kg/cm?) 252426 249+24 259429 0.017*
Waist circumference (cm) 97.8+11.0 96.9+11.5 99.4+9.5 0.129"
Hypertension 143(88.6%) 97 (86.8%) 46 (92.4%) 0.235"
Cardiovascular disease 69 (42.6%) 44(39.1%) 26 (52.3%) 0.078"
Cerebrovascular disease 17 (10.4%) 12 (10.5%) 05 (10.8%) 0.958"
Coronary disease 35 (21.8%) 17 (15.0%) 18 (36.9%) 0.001""
Peripheral vascular disease 37 (22.8%) 23(20.3%) 14 (29.2%) 0.162"
Congestive heart failure 25 (15.3%) 18 (15.8%) 08 (15.4%) 0.941"
HDL-C (mg/dL) 38.2+14.4 38.0+15.6 38.8+11.5 0.693"
LDL-C (mg/dL) 73.0+28.7 73.3+29.0 72.34+28.3 0.830"
Triglycerides (mg/dL) 169.4+116.1 169.6+106.8 169.2+134.2 0.981"
Albumin (mg/dL) 3.8+0.3 3.8+0.3 3.8+0.3 0.571
PTH (pg/mL) 413.0+355.0 420.8 +344.0 396.9+379.1 0.657"
Phosporus (mg/dL) 5.05+1.6 4.86+1.5 5.14+1.65 0.249*
ADMA (uM) median (IQR) 1.24 (0.86, 1.92) 1.36 (0.88, 1.95) 1.16 (0.82, 1.82) 0.389"
CRP (mg/dL) median (IQR) 0.45 (0.17, 1.45) 0.49 (0.15, 1.81) 0.39 (0.18, 0.96) 0.342"

* Student t test.
* Mann-Whitney U test.
*** Chi Square.

equal to 0.2% The level of nullity was fixed at 0.05 or 5% for all
tests. The analysis was conducted using a standard statistical
package (SPSS for Windows, version 22).

Results

The prevalence of DM in the initial cohort was 67.3% (i.e., 136
patients out of 202). Four patients had DM type 1. Dialysis
vintage was 37.2+26.9 months. The patients’ demographic,
clinical, and laboratory characteristics with a statistical com-
parison between diabetics (DM—) non-diabetics (DM+) after
censoring due to kidney transplantation are presented in
Table 1. One hundred and forty were on treatment with
angiotensin-converting enzyme inhibitors or angiotensin-2
receptor antagonists, with no difference between DM+ and
DM-. One hundred and eight were on treatment with sim-
vastatin, also with no difference between DM+ and DM-.
DM+ were older than DM— (57.1 £+ 13.3 versus 50.2 £+ 15.1 years,
P=0.002), had a higher body mass index (25.9+2.9 versus
24.9+2.4 P=0.017), and a higher prevalence of coronary dis-
ease (36.9% versus 15.0% P=0.001). There was no statistically
significant difference in ADMA and CRP levels between DM +
and DM-.

Only ADMA (median IQR pM) - (1.71 1.34-2.17 versus
0.88 0.60-1.37 P=0.000) and CRP ((median IQR mg/dL) - (0.77
0.23-2.25 versus 0.38 0.15-1.18 P = 0.034) differed between indi-
viduals who died (O+) or not died (O-) (Table 2). In a Cox
model among individuals with DM—, only ADMA (median IQR
uM) - (1.95 1.75-2.54 versus 1.03 0.81-1.55 P=0.000) showed a
statistically significant difference between O+ or O— (OR 4.70
P=0.000). Among DM+ patients, ADMA and CRP showed no
correlation with the death outcome.

There were 41 (25.3%) deaths over the follow-up time
- 29 deaths in DM+ and 12 deaths in DM— (26.4% versus

23.1% P=0.653). DM + and DM— differed significantly in the
time of evolution for the death outcome (24.07 +13.60 versus
13.08 +6.93 months P=0.012).

ADMA and CRP levels

Plasma ADMA levels did not significantly correlate with
plasma CRP levels (r=-0.045, P=0.570) in the whole cohort
or subgroup.

Effect modification of CRP on the ADMA-outcome
relationship

In the whole cohort, the relationship between ADMA and
the incidence rate of mortality was closely dependent on
CRP categories, with the incidence rate of mortality being
maximal in patients with high ADMA (>1.28 uM) and high
CRP (>0.39mg/dL). On the other hand, the interplay was
minimal in patients with low ADMA (<1.28pM) and low
CRP (<0.39mg/dL) (55.8% x 7.3% P=0.000). In DM— patients,
this relationship was also identified (69.0% x 0.0% P =0.000);
whereas in DM+ patients an effect modification?® by CRP cat-
egories about ADMA was not observed in the incidence of
mortality (33.3% x 25.0% P=0.060) (Fig. 2).

A joint effect was found between ADMA and CRP for
explaining all-cause mortality in the whole cohort through
multiple Cox regression analysis (Fig. 3). Indeed, the adjusted
hazard ratios for the death of patients with increased ADMA
and CRP were higher than those expected in the absence of
interaction under the additive model and significantly higher
(P=0.001) than those in patients with only one biomarker
increased. Remarkably, the proportion of mortality related
to interaction among persons with both high ADMA and
high CRP was 0.68. Because the HR of one or more groups in
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Table 2 - Demographic, clinical, and laboratory characteristics according to progression (O+) or not to death (0-).

O+ (N=121) O- (N=41) P
Age (years) 53.4+15.4 56.8+13.4 0.214"
Male 71(58.7%) 23 (56.1%) 0.772"
Caucasian 79 (65.3%) 33(80.5%) 0.187"
BMI (kg/cm?) 253426 25.8+238 0.270*
Waist circumference (cm) 98.2+11.1 98.5+9.8 0.873"
Diabetes mellitus 40(33.1%) 12(29.3%) 0.653"
Cardiovascular disease 53 (44.2%) 20(51.3%) 0.439"
Cerebrovascular disease 11(11.2%) 07 (12.0%) 0.133"
Coronary disease 24(20.0%) 12 (30.8%) 0.163"
Peripheral vascular disease 28(23.3%) 09 (23.1%) 0.974"
Congestive heart failure 23(19.2%) 05 (12.8%) 0.366
HDL-C (mg/dL) 38.7+15.6 37.7+13.4 0.693*
LDL-C (mg/dL) 74.3+30.9 75.4+26.9 0.841"
Triglycerides (mg/dL) 168.4 +125.5 156.8+75.1 0.579*
Albumin (mg/dL) 3.8+0.3 3.8+0.3 0.741*
PTH (pg/mL) 410.0+349.3 403.9+£373.1 0.924"
ADMA (1:M) — median (IQR) 0.88 (0.60, 1.37) 1.71 (1.34, 2.17) 0.000"
CRP (mg/dL) — median (IQR) 0.38 (0.15, 1.18) 0.77 (0.23, 2.25) 0.034"
* Student t test.
** Mann-Whitney U test.
** Chi Square.
TOTAL NON-DIABETICS DIABETICS
P=0,000* P=10,000* P=0,060
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Fig. 2 — Relationship between ADMA and CRP categories and all-cause mortality.
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Fig. 3 - Joint effect of ADMA and CRP to explain all-cause mortality.
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Table 3 - Cox model of the association between category 4 (ADMA > 1.28 pM and CRP > 0.39 mg/dL) and death.

HR (95% CI)
P

Adjusted for ADMA > 1.28 pM and CRP > 0.39 mg/dL

Adjusted for ADMA > 1.28 pM and CRP > 0.39 mg/dL and age

Adjusted for ADMA > 1.28 uM and CRP > 0.39 mg/dL, age and dialysis vintage

Adjusted for ADMA > 1.28 uM and CRP > 0.39 mg/dL, age, dialysis vintage and BMI

Adjusted for ADMA > 1.28 uM and CRP > 0.39 mg/dL, age, dialysis vintage, BMI and HDL

Adjusted for ADMA > 1.28 uM and CRP > 0.39 mg/dL, age, dialysis vintage, BMI, HDL and LDL
Adjusted for ADMA > 1.28 pM and CRP > 0.39 mg/dL, age, dialysis vintage, BMI, HDL, LDL albumin

Adjusted for ADMA > 1.28 uM and CRP > 0.39 mg/dL, age, dialysis vintage, BMI, HDL, LDL albumin and

phosporus

Adjusted for ADMA > 1.28 uM and CRP > 0.39 mg/dL, age, dialysis vintage, BMI, HDL, LDL albumin,

phosporus and PTH

Adjusted for ADMA > 1.28 uM and CRP > 0.39 mg/dL, age, dialysis vintage, BMI, HDL, LDL albumin,

phosporus, PTH and male

Adjusted for ADMA > 1.28 pM and CRP > 0.39 mg/dL, age, dialysis vintage, BMI, HDL, LDL albumin,

phosporus, PTH, male and Caucasian

Adjusted for ADMA > 1.28 pM and CRP > 0.39 mg/dL, age, dialysis vintage, BMI, HDL, LDL albumin,

phosporus, PTH, male, Caucasian and tabagism

Adjusted for ADMA > 1.28 pM and CRP > 0.39 mg/dL, age, dialysis vintage, BMI, HDL, LDL albumin,

phosphorus, PTH, male, Caucasian, tabagism and hypertension

Adjusted for ADMA > 1.28 pM and CRP > 0.39 mg/dL, age, dialysis vintage, BMI, HDL, LDL albumin,

phosphorus, PTH, male, Caucasian, tabagism, hypertension and CVD

13.89 (3.69-52.34)
0.000

14.07 (3.71-53.39)
0.000

13.92 (3.67-52.92)
0.000

13.81 (3.62-52.68)
0.000

14.75 (3.77-57.78)
0.000

16.39 (1.47-3.40)
0.000

16.41 (4.05-66.44)
0.000

16.50 (4.07-66.90)
0.000

15.87 (3.90-64.53)
0.000

16.69 (4.04-68.95)
0.000

14.84 (3.53-62.43)
0.000

14.88 (3.53-62.67)
0.000

14.55 (3.43-61.73)
0.000

15.21 (3.50-66.12)
0.000

DM- and DM+ was below 1 (protective), it was not possible to
interpret the analysis (data not shown).

The Cox model analysis confirmed the increased risk
for all-cause mortality associated with ADMA > 1.28 pM and
CRP > 0.39mg/dL (Table 3).

Discussion

Our data evidenced that, independently of traditional and
nontraditional risk factors, high levels of ADMA are associated
with an elevated risk of death in prevalent HD patients.»>'*
It also reports that this association only occurs within indi-
viduals without DM. On the other hand, CRP alone was not
informative of mortality risk.'?>?% Nevertheless, CRP, and so
inflammation, augments the risk of death associated with
high plasmatic ADMA in dialysis patients.'* Individuals with
high ADMA and CRP levels exhibited an increased risk of dying
than those with only one elevated biomarker. Such an excess
risk exceeded what one would expect by adding the individual
risks of these factors (synergism).?

According to our results, ADMA can be used as a biomarker
of hemodialysis mortality only in patients without DM. DM
is associated with a significant vascular burden and mortal-
ity among hemodialysis patients. Hence, the importance of
assessing the likelihood of asymmetric dimethylarginine to
be used as a biomarker of death in the diabetic hemodialy-
sis population is warranted. Even although ADMA had been
tested already for explaining death and fatal and nonfatal car-
diovascular events, the authors did not have the opportunity
to evaluate DM patients separately.*>*

The literature cites one example of a hemodialysis popu-
lation where ADMA values are not associated with all-cause
mortality. Drew et al.?”’ showed lower levels of ADMA in
African American versus non-African American patients on
hemodialysis. ADMA level was associated with all-cause mor-
tality, a finding exclusive to non-African American patients
on hemodialysis. They also confirmed a lower hazard for
mortality in African American patients versus non-African
American patients and this difference was not explained by
ADMA levels. There is evidence that, in addition to influ-
encing ADMA levels, DDAH may also directly affect vascular
health, independent of ADMA.?”® We can hypothesize that
DDAH polymorphisms may be responsible for the lack of asso-
ciation between ADMA and mortality in diabetic patients on
hemodialysis.

At the same time, ADMA may have less relative importance
for the significant all-cause mortality of diabetic patients on
hemodialysis due to several other inflammatory factors. Dia-
betic patients on hemodialysis have a different response to
alleged interventions to their higher inflammatory state. Sat-
tar et al. demonstrated an increased risk of mortality over
time associated with DM in prevalent hemodialysis patients,
which may relate to the accumulation of end-organ dam-
age or mediators of inflammation and oxidative stress.'* In a
post hoc analysis of the AURORA study, the treatment of dia-
betic individuals with Rosuvastatin significantly reduced the
occurrence of coronary atherosclerotic events.”” In the MPO
study, patients with DM treated with high-flow membranes,
had a higher survival rate than those treated with low-flow
membranas.>°
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Since the late 1990s, the relationship between inflam-
mation and worse outcomes in ESRD has been recognized.
Traditional and nontraditional risk factors peculiar to ESRD
may promote inflammation by synthesizing and releasing
several pro-inflammatory cytokines. In the DOPPS, CRP was
informative regarding mortality risk in hemodialysis beyond
that provided by other inflammatory and nutritional mark-
ers, with significantly higher risk seen at CRP>0.3mg/dL."!
Our cohort had ninety-six (59.2%) ESRD patients with circulat-
ing levels CRP above this value. In a study developed in Brazil
among prevalent patients in hemodialysis, clinically signifi-
cantinflammation was defined as CRP > 5.1 mg/L, based on the
receiver operating characteristics curve for CRP as a predic-
tor of death.?! Thus, we can suggest that our cohort was not
representative of CRP’s relation to mortality. Plasma concen-
trations of CRP in our group were low, but the literature values
are diverse. Median plasma concentrations of CRP ranged from
0.1mg/dL in Japan to 0.6 mg/dL in Europe and New Zealand in
a study by Bazeley et al.>?

The absence of a positive correlation between plasma
concentrations of ADMA and CRP suggests that endothelial
dysfunction and inflammation were not parallel processes in
the patients evaluated. The relationship between high ADMA
and CRP is context-dependent. In the acute phase of bacte-
rial infections, plasma concentrations of CRP are elevated, and
those of ADMA are similar to those of healthy individuals.*?
In vitro, ADMA induces TNF-a production via reactive oxy-
gen species/NF-kB-dependent pathway.* On the other hand,
the generation of reactive oxygen species, a crucial initial
event in inflammation, inhibits the enzyme that degrades
ADMA (dimethylarginine dimethylaminohydrolase), facilitat-
ing local and systemic ADMA accumulation.’®> ADMA, on the
other hand, increases the generation of the downstream pro-
inflammatory cytokines TNFa and IL-8 and activates the NF-kB
pathway and the binding of monocytes to endothelial cells.>”
At the same time, there is no change in plasma concentrations
of ADMA after prolonged periods on HD.?® The correlation
of plasma concentrations of ADMA and CRP may have been
influenced by a healthier cohort than in other studies.?”3®

ADMA is a marker of cardiovascular risk in patients with
DM and is associated with the development and progression
of diabetic nephropathy.>® Diabetic-specific risk factors may
abolish ADMA’s performance as a marker of mortality risk in
patients with diabetes in HD.

Following the guidelines of the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)
Statement,?® the effect modification of CRP on the relationship
between ADMA and outcomes was investigated by dividing
the study population into four categories according to the
median values of ADMA and CRP. Such variables with four pos-
sible exposure categories give enough information to evaluate
both additive and multiplicative interaction.?®> A joint effect
was recognized between ADMA and CRP for explaining all-
cause mortality in the group with increased ADMA and CRP,
even with CRP levels considered beneath clinically significant
inflammation. As the risk ratio of one or more groups with and
without DM was less than 1 (protective), it was not feasible to
interpret the joint effect analysis.

This study has some limitations. ADMA and CRP were mea-
sured at a single time point, and the concentration may change

over time.?! It is descriptive, and the mechanisms underlying
those associations cannot be inferred here. It would have been
interesting to analyze the association of ADMA levels with
cardiovascular mortality as well. It was impossible to recog-
nize specific causes of mortality, such as cardiovascular due to
the transfer of several patients to other hemodialysis centers
and lack of medical records with reliable information. Given
the modest sample size, these exploratory findings should be
replicated in larger cohorts of diabetic patients on hemodial-
ysis.

Conclusion

ADMA can be used as a risk marker for all-cause mortality
among non-diabetic prevalent patients in HD. Other risk fac-
tors may overlap ADMA among patients with DM. Besides,
we observed a synergistic effect between inflammation, rep-
resented by CRP, and endothelial dysfunction, which stood for
by ADMA to explain all-cause mortality in HD.

Conflict of interest

The authors have no conflicts of interest to declare.

REFERENCES

1. Vallance P, Leone A, Calver A, Collier J, Moncada S.
Accumulation of an endogenous inhibitor of nitric oxide
synthesis in chronic renal failure. Lancet. 1992;339:572-5,
http://dx.doi.org/10.1016/0140-6736(92)90865-z.

2. Tripepi G, Raso FM, Sijbrands E, Seck MS, Maas R, Boger R,
et al. Asymmetric dimethylarginine for predicting death and
cardiovascular events in ESRD patients. Clin ] Am Soc
Nephrol. 2011;6:1714-21,
http://dx.doi.org/10.2215/CJN.11291210.

3. Zhu ZD, Jia JQ, Zhang X, Wang YJ, Wang DH. Asymmetric
dimethylarginine upregulates the expression of ACAT-1 in
THP-1 macrophage-derived foam cells. ] South Med Univ.
2010;30:2613-8.

4. Jazbutyte V, Fiedler J, Gupta SK, Gupta SK, Yin X, Xu Q, et al.
Short communication: Asymmetric dimethylarginine impairs
angiogenic progenitor cell function in patients with coronary
artery disease through a microRNA-21-dependent
mechanism. Circ Res. 2010;107:138-43,
http://dx.doi.org/10.1161/CIRCRESAHA.110.216770.

5. Kielstein JT, Frolich JC, Haller H, Fliser D. ADMA (asymmetric
dimethylarginine): an atherosclerotic disease mediating
agent in patients with renal disease? Nephrol Dial Transplant.
2001;16:1742-5, http://dx.doi.org/10.1093/ndt/16.9.1742.

6. Aucella F, Maas R, Vigilante M, Tripepi G, Schwedhelm E,
Margaglione M, et al. Methylarginines and mortality in
patients with end-stage renal disease: a prospective cohort
study. Atherosclerosis. 2009;207:541-5,
http://dx.doi.org/10.1016/j.atherosclerosis.2009.05.011.

7. Zoccali C, Bode-Boger S, Mallamaci F, Benedetto F, Tripepi G,
Malatino L, et al. Plasma concentration of asymmetrical
dimethylarginine and mortality in patients with end-stage
renal disease: a prospective study. Lancet. 2001;358:2113-37,
http://dx.doi.org/10.1016/s0140-6736(01)07217-8.

8. Kielstein JT, Zoccali C. Asymmetric dimethylarginine: a
cardiovascular risk factor and a uremic toxin coming of age?



184

NEFROLOGIA 2022;42(2):177-185

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Am J Kidney Dis. 2005;46:186-202,
http://dx.doi.org/10.1053/j.ajkd.2005.05.009.

. Akchurin OM, Kaskel F. Update on inflammation in chronic

kidney disease. Blood Purif. 2015;39:84-92,
http://dx.doi.org/10.1159/000368940.

Kawaguchi T, Tong L, Robinson BM, Sen A, Fukuhara S,
Kurokawa K, et al. C-reactive protein and mortality in
hemodialysis patients: The dialysis outcomes and practice
patterns study (DOPPS). Nephron Clin Pract. 2011;117,
http://dx.doi.org/10.1159/000320116, c167-78.

Malyszko J. Mechanism of endothelial dysfunction in chronic
kidney disease. Clin Chim Acta. 2010;411:1412-20,
http://dx.doi.org/10.1016/j.cca.2010.06.019.2010.
Krzyzanowska K, Mittermayer F, Wolzt M, Schernthaner G.
Asymmetric dimethylarginine predicts cardiovascular events
in patients with type 2 diabetes. Diabetes Care.
2007;30:1834-9, http://dx.doi.org/10.2337/dc07-0019.

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

Sattar A, Argyropoulos C, Weissfeld L, Younas N, Fried L,
Kellum JA, et al. All-cause and cause-specific mortality
associated with diabetes in prevalent hemodialysis patients.
BMC Nephrol. 2012;13:130,
http://dx.doi.org/10.1186/1471-2369-13-130.

Saran R, Robinson B, Abbott KC, Agodoa LYC, Albertus P, John
Ayanian, et al. US renal data system 2016 annual data report:
epidemiology of kidney disease in the United States. Am J
Kidney Dis. 2017;69 Suppl. 1:51-688,
http://dx.doi.org/10.1053/j.ajkd.2016.12.004.

Kramer A, Pippias M, Stel VS, Bonthuis M, Diez JMA, Afentakis
N, et al. Renal replacement therapy in Europe: a summary of
the 2013 ERA-EDTA Registry Annual Report with a focus on
diabetes mellitus. Clin Kidney J. 2016;9:457-69,
http://dx.doi.org/10.1093/ckj/sfv151.

Cannon CP, Brindis RG, Chaitman BR, Cohen D], Cross JT Jr,
Drozda JP Jr, et al. 2013 ACCF/AHA key data elements and
definitions for measuring the clinical management and
outcomes of patients with acute coronary syndromes and
coronary artery disease: a report of the American College of
Cardiology Foundation/American Heart Association Task
Force on Clinical Data Standards (Writing Committee to
Develop Acute Coronary Syndromes and Coronary Artery
Disease Clinical Data Standards). ] Am Coll Cardiol.
2013;61:992-1025, http://dx.doi.org/10.1016/j.jacc.2012.10.005.
American Diabetes Association. Diagnosis and classification
of diabetes mellitus. Diabetes Care. 2014;37 Suppl. 1:581-90,
http://dx.doi.org/10.2337/dc14-S081.

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro 3rd AF,
Feldman HI, et al. A new equation to estimate glomerular
filtration rate. Ann Intern Med. 2009;150:604-12,
http://dx.doi.org/10.7326/0003-4819-150-9-200905050-00006.
Teerlink T, Nijveldt R], de Jong S, van Leeuwen PAM.
Determination of arginine, asymmetric dimethylarginine and
symmetric dimethylarginine in human plasma and other
biological samples by high-performance liquid
chromatography. Anal Biochem. 2002;303:131-7,
http://dx.doi.org/10.1006/abio.2001.5575.

Pecchini P, Malberti F, Mieth M, Quinn R, Tripepi G, Mallamaci
F, et al. Measuring asymmetric dimethylarginine (ADMA) in
CKD: a comparison between enzyme-linked immunosorbent
assay and liquid chromatography-electrospray tandem mass
spectrometry. ] Nephrol. 2012;25:1016-22,
http://dx.doi.org/10.5301/jn.5000085.

de Mutsert R, Jager KJ, Zoccali C, Dekker FW. The effect of joint
exposures: examining the presence of interaction. Kidney Int.
2009;75:677-81, http://dx.doi.org/10.1038/ki.2008.645.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Vandenbroucke JP, von Elm E, Altman DG, Ggtzsche PC,
Mulrow CD, Pocock SJ, et al. Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE): explanation
and elaboration. PLoS Med. 2007;4,
http://dx.doi.org/10.1371/journal.pmed.0040297, e297.
Amemiya N, Ogawa T, Otsuka K, Ando Y, Nitta K. Comparison
of serum albumin, serum C-reactive protein, and pulse wave
velocity as predictors of the 4-year mortality of chronic
hemodialysis patients. ] Atheroescler Thrombosis.
2011;18:1071-9, http://dx.doi.org/10.5551/jat.10397.

Panichi V, Rizza GM, Paoletti S, Bigazzi R, Aloisi M, Barsotti G,
et al. Chronic inflammation and mortality in haemodialysis:
effect of different renal replacement therapies. Results from
the RISCAVID study. Nephrol Dial Transplant.
2008;23:2337-43, http://dx.doi.org/10.1093/ndt/gfm951.
Nascimento MM, Pecoits-Filho R, Qureshi AR, Hayashi SY,
Manfro RC, Pachaly MA, et al. The prognostic impact of
fluctuating levels of C-reactive protein in Brazilian
hemodialysis patients: a prospective study. Nephrol Dial
Transplant. 2004;19:2803-9,
http://dx.doi.org/10.1093/ndt/gfh493.

Drew DA, Tighiouart H, Scott T, Kantor A, Fan L, Artusi C, et al.
Asymmetric dimethylarginine, race, and mortality in
hemodialysis patients. Clin ] Am Soc Nephrol. 2014;9:1426-33,
http://dx.doi.org/10.2215/CJN.00770114.

Leiper J, Nandi M, Torondel B, Murray-Rust J, Malaki M, O’'Hara
B, et al. Disruption of methylarginine metabolism impairs
vascular homeostasis. Nat Med. 2007;13:198-203.

Holdaas H, Holme I, Schmieder RE, Jardine AG, Zannad F,
Norby GE, et al. Rosuvastatin in diabetic hemodialysis
patients. ] Am Soc Nephrol. 2011;22:1335-41,
http://dx.doi.org/10.1681/ASN.2010090987.

Cheung AK, Greene T. Effect of membrane permeability on
survival of hemodialysis patients. ] Am Soc Nephrol.
2009;20:462-4, http://dx.doi.org/10.1681/ASN.2009010030.
Bazeley J, Bieber B, Li Y, Morgenstern H, de Sequera P, Combe
C, et al. C-reactive protein and prediction of 1-year mortality
in prevalent hemodialysis patients. Clin ] Am Soc Nephrol.
2011;6:2452-61, http://dx.doi.org/10.2215/CJN.00710111.
Zoccali C, Maas R, Cutrupi S, Pizzini P, Finocchiaro P,
Cambareri F, et al. Asymmetric dimethyl-arginine (ADMA)
response to inflammation in acute infections. Nephrol Dial
Transplant. 2007;22:801-6,
http://dx.doi.org/10.1093/ndt/gfl719.

Zhang GG, Bai YP, Chen MF, Shi RZ, Jiang DJ, Fu QM, et al.
Asymmetric dimethylarginine induces TNF-alpha production
via ROS/NF-kappa B dependent pathway in human monocytic
cells and the inhibitory effect of reinioside C. Vascul
Pharmacol. 2008;48:115-21,
http://dx.doi.org/10.1016/j.vph.2008.01.004.

Chen MF, Xie XM, Yang TL, Wang YJ, Zhang XH, Luo BL, et al.
Role of asymmetric dimethylarginine in inflammatory
reactions by angiotensin II. ] Vasc Res. 2007;44:391-402,
http://dx.doi.org/10.1159/000103284.

Yaman A, Karabag F, Demir S, Koken T. Changes in serum
asymmetric dimethylarginine and endothelial markers levels
with varying periods of hemodialysis. Therap Apheresis Dial.
2014;18:361-7, http://dx.doi.org/10.1111/1744-9987.12154.
McGrath LJ, Ellis AR, Brookhart MA. Controlling
time-dependent confounding by health status and frailty:
restriction versus statistical adjustment. Am J Epidemiol.
2015;182:17-25, http://dx.doi.org/10.1093/aje/kwu485.

Shrank WH, Patrick AR, Brookhart MA. Healthy user and
related biases in observational studies of preventive
interventions: a primer for physicians. ] Gen Intern Med.
2011;26:546-50, http://dx.doi.org/10.1007/s11606-010-1609-1.
Tarnow L, Hovind P, Teerlink T, Stehouwer CD, Parving HH.
Elevated plasma asymmetric dimethylarginine as a marker of



NEFROLOGIA 2022;42(2):177-185 185

cardiovascular morbidity in early diabetic nephropathy in risk factors and new-onset diabetes mellitus in patients with
type 1 diabetes. Diabetes Care. 2004;27:765-9, hypertension. J Clin Hypertens. 2018;20:935-41,
http://dx.doi.org/10.2337/diacare.27.3.765. http://dx.doi.org/10.1111/jch.13269.

39. Triches CB, Mayer S, Quinto BMR, Batista MC, Zanella MT.
Association of endothelial dysfunction with cardiovascular



	Outline placeholder
	Déclaration de liens d'intérêts


