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Symmetric dimethylarginine, high-density lipoproteins, and
cardiovascular risk assessment: are we ready for clinical use?

Arduino A. Mangoni', Angelo Zinellu’, Salvatore Sotgia’, Ciriaco Carru®’

lDepartment of Clinical Pharmacology, School of Medicine, Flinders University and Flinders Medical Centre, Adelaide, Australia; 2Department of

Biomedical Sciences, University of Sassari, Sassari, Italy; *Quality Control Unit, University Hospital (AOUSS), Sassari, Italy

Correspondence to: Professor Ciriaco Carru. Department of Biomedical Sciences, University of Sassari, Viale S. Pietro 43/B, Sassari 07100, Italy.

Email: carru@uniss.it.

Comment on: Zewinger S, Kleber ME, Rohrer L, et a/. Symmetric dimethylarginine, high-density lipoproteins and cardiovascular disease. Eur Heart ]

2017;38:1597-607.

Received: 23 May 2017; Accepted: 05 June 2017; Published: 01 July 2017.

doi: 10.21037/jlpm.2017.06.11
View this article at: http://dx.doi.org/10.21037/jlpm.2017.06.11

There is very good evidence that patients with chronic
kidney disease (CKD), particularly those with end-
stage renal disease (ESRD), have an increased risk of
cardiovascular morbidity and mortality when compared with
the general population (1). The proposed mechanisms for
the increased cardiovascular risk in CKD patients include
the coexistence of major risk factors such as hypertension
and diabetes, the main risk factors for CKD/ESRD in the
first instance, the presence of significant functional and
structural cardiovascular alterations, particularly arterial
wall stiffening and left ventricular hypertrophy, that
increase per se cardiovascular risk, and the high prevalence
of previous cardiovascular events, e.g., myocardial infarction
and stroke (1,2). Although there is a strong association
between CKD and cardiovascular disease, research
continues to focus on the identification of novel biomarkers,
and the development of specific scoring systems, to further
enhance cardiovascular risk stratification. This would assist
with better identifying and monitoring patients benefiting
from aggressive cardioprotective strategies, with or without
the need for renal replacement therapy.

Over the last 25 years, in vitro and in vivo studies
have investigated the pathophysiological role of two
endogenous methylated arginine analogues, asymmetric
dimethylarginine (ADMA) and symmetric dimethylarginine
(SDMA), not only in CKD but also in other disease states
characterized by high cardiovascular risk. Both ADMA
and, particularly, SDMA undergo renal clearance. Not
surprisingly, therefore, CKD/ESRD patients have higher
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ADMA and SDMA concentrations when compared with the
general population (3). Prospective studies have provided
good evidence that higher circulating ADMA concentrations
significantly predict cardiovascular morbidity and
mortality in CKD, particularly ESRD (4,5). The proposed
mechanisms to explain the increased cardiovascular risk
primarily involve the inhibitory effects of ADMA towards
nitric oxide (NO) synthase in vitro, with a consequent
reduction in NO synthesis, although this is controversial
in vivo (3,6,7). A reduction in NO synthesis would lead to
endothelial dysfunction, cardiovascular remodelling, and
impaired vascular homeostasis, with a consequent increase
in atherothrombotic risk (8). By contrast, the role of SDMA
in cardiovascular risk prediction has not been thoroughly
investigated, mainly because of the lack of knowledge
regarding its biological effects in health and disease (9).
Experimental work has shown that SDMA might inhibit
L-arginine cell uptake, albeit at supraphysiological
concentrations (10). This, in turn would reduce the amount
of intracellular L-arginine available as a substrate for NO
synthase. More recently, other in vifro studies have shed new
light on the pathophysiological role of SDMA. Schepers
et al. reported that SDMA triggers the intracellular
production of reactive oxygen species, a well-known step in
the pathophysiology of vascular disease and atherosclerosis
(11,12). Furthermore, Speer et al demonstrated that
SDMA accumulates in high-density lipoproteins (HDL) in
patients with CKD (13). Notably, SDMA accumulation
not only reduces the biological anti-atherosclerotic
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effects of HDL, but also transforms this lipoprotein
into a lipid fraction that is able to promote endothelial
dysfunction, inflammation and vascular damage (13).
The detrimental effects of SDMA-enriched HDL are
thought to be mediated by the Toll-like receptor-2 (13).
Therefore, the biological and pathophysiological effects of
HDL on vascular homeostasis seem to be highly dependent
on circulating SDMA concentrations, and the consequent
degree of SDMA accumulation in this lipoprotein. This
hypothesis, however, requires confirmation in longitudinal
studies assessing SDMA, HDL-C and clinical outcomes in
patients with CKD.

Zewinger et al. have recently sought to address this
issue, by investigating the capacity of ADMA, SDMA
and HDL cholesterol (HDL-C) concentrations to
predict cardiovascular outcomes in two established
epidemiological cohorts, LURIC (n=3,310) and MONICA/
KORA S3 (n=1,424) (14). Both ADMA and SDMA
concentrations at baseline, in separate analyses, significantly
predicted the primary outcomes, all-cause mortality and
cardiovascular mortality. Further analyses showed that,
in the presence of relatively low SDMA concentrations,
higher HDL-C concentrations predicted lower all-
cause and cardiovascular mortality. By contrast, in the
presence of high SDMA concentrations, higher HDL-C
concentrations were associated with an increased risk of
adverse outcomes (14). No effect on the predictive capacity
of HDL-C concentrations was observed with different
ADMA concentrations. Complementary in vitro studies
confirmed the association between an impairment in renal
function, with consequent increase in circulating SDMA
concentrations, and accumulation of SDMA in HDL. The
effects of different methylated arginine concentrations on
cholesterol efflux capacity were also studied. Cholesterol
efflux is an increasingly recognized protective mechanism
by which key target cells, e.g., macrophages within the
atherosclerotic vascular wall, are able to revert the LDL-
induced intracellular cholesterol accumulation, therefore
favouring its elimination through the liver and bile (15).
CKD patients with higher SDMA concentrations had
a significantly lower cholesterol efflux capacity when
compared with patients with lower SDMA concentrations.
By contrast, ADMA concentrations were not a significant
effect modifier of cholesterol efflux capacity (14).

The results of the study by Zewinger er al. suggest a
novel pathophysiological role of SDMA, whereby this
methylated arginine analogue accumulates in HDL,
inducing important structural and functional modifications
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of these lipid particles. This, in turn, leads to detrimental,
rather than salutary, effects on vascular homeostasis and
integrity (14). However, an important issue is whether
the measurement of SDMA and HDL-C concentrations
in patients with CKD can provide significant additional
knowledge, in terms of risk stratification and treatment
decisions, to that already provided by conventional risk
factors. From a practical standpoint, the use of novel
biomarkers in clinical practice is likely to be considered if
they (I) are easily measurable; and (II) provide significant
additional predictive capacity particularly in patients at
moderate risk, who often present treatment challenges and
require an individualized approach. By contrast patients
with previous cardiovascular events are considered by
definition at high-risk, and normally require aggressive
pharmacological and non-pharmacological treatment for
secondary prevention. Therefore, the identification of novel
biomarkers in this group is unlikely to change treatment
decisions. With this background in mind, several limitations
curtail the data interpretation and the routine applicability
of the results of the study by Zewinger et al.:

While the predictive capacity of ADMA in CKD/
ESRD patients is well established, the role of SDMA as
a biomarker is still under investigation. In a recent study
by Shafi et al., baseline SDMA concentrations in CKD
patients were associated with a higher risk for cardiac death
(HR 1.40, 95% CI: 1.03 to 1.92). However, this effect was
no longer significant after adjusting for baseline ADMA
concentrations (HR 1.20, 95% CI: 0.86 to 1.68) (16). The
lack of adjustment for ADMA concentrations in the study
by Zewinger et al. does not allow to establish whether
SDMA and HDL-C concentrations provide predictive
capacity that is independent of ADMA concentrations.

The relatively long duration of follow-up in the LURIC
(9.9 years) and MONICA/KORA S3 (16.8 years), together
with the lack of data during intermediate time points, does
not rule out the possibility that subsequent changes in
clinical status and/or prescribed medications might have
affected per se the outcomes of interest.

Important confounders, such as presence/severity of
hypertension and treatment with renin angiotensin system
inhibitors or beta-blockers, were not accounted for in the
regression models. Hypertension has been shown to be a
major predictor of adverse cardiovascular outcomes in CKD
patients (17). Furthermore, drugs used in cardiovascular risk
management are likely to influence, by definition, all-cause
and cardiovascular mortality, and affect methylated arginine
concentrations (18-20).
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A significant proportion of participants in the LURIC
study had suffered a previous cardiovascular event, e.g.
myocardial infarction or stroke, which by itself would
increase their risk of subsequent cardiovascular events
during the follow-up (21). The inclusion of a history of
cardiovascular event in the regression models might have
significantly diluted the predictive capacity of ADMA,
SDMA and HDL-C.

The discriminatory superiority of the HDL-C/SDMA
model over the HDL/serum amyloid model demonstrated
by Zewinger et al., albeit convincing, does not provide
evidence of superiority over conventional risk factors or
scoring systems, e.g. the Framingham score (22).

In conclusion, the recent study by Zewinger et al.
provides significant insight into a novel biological and
pathophysiological role of SDMA in the context of
impaired renal function and cardiovascular risk (14).
However, from an economic and public health perspective,
the aforementioned issues do not currently support the
routine assessment of SDMA and HDL-C concentrations
in patients with CKD. Further studies, using more
comprehensive statistical analyses, are required to
demonstrate the independent effects of these parameters
on hard cardiovascular end-points and their additional
predictive capacity over established risk factors, before
their routine measurement for clinical decisions and patient
management can be justified.
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