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Symmetric and asymmetric dimethylarginines
(SDMA and ADMA, respectively) are synthe-

sized during the methylation of protein arginine
residues in a process catalyzed by the protein argi-
nine methyltransferase I (ADMA) and II

(SDMA).1 ADMA and SDMA are released for
proteolytic degradation during physiological pro-
tein turnover.1, 2 Both are eliminated by renal excre-
tion,3 but the main metabolic route for ADMA
is decomposition to citrulline and dimethylamine

A B S T R A C T

Aim. Asymmetric and symmetric dimethylarginines (ADMA and SDMA, respectively) are protein breakdown mark-
ers; both compete with arginine for cellular transport and both are excreted in urine. Moreover, ADMA is a non-selec-
tive inhibitor of nitric oxide (NO) synthase that is metabolized by a specific hydrolase in which the activity during stress
remains controversial. While an increase in ADMA is known to be associated with adverse events, little is known
about SDMA. We investigated plasma ADMA and SDMA levels during ICU stay to reveal the time course of endoge-
nous NO inhibition in patients with sepsis.
Methods. A post hoc analysis from a prospective random controlled trial conducted in three ICUs was performed to
study the pathophysiological pathways of sepsis. ADMA, SDMA, the ratio of ADMA/SDMA (a marker of ADMA catab-
olism), arginine, interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), and C reactive protein (CRP) were measured
on days 1, 3, 6, 9, 12 and at discharge in 72 consecutive severely septic patients.
Results. Fasting basal glycemia, creatinine, IL-6, TNF-α, CRP, ADMA, and SDMA were higher than normal. The
ADMA/SDMA ratio was decreased by 50%, and arginine levels were low. ADMA levels were related to the total
Sequential Organ Failure Assessment (SOFA) scores and arginine levels, and inversely related to IL-6 and CRP levels.
SDMA levels were related to Simplified Acute Physiologic Scores II (SAPS II), SOFA scores, blood urea, creatinine,
and arginine levels. The ADMA/SDMA ratio was inversely related to IL-6 levels. In 58 ICU survivors, creatinine, IL-
6, and CRP levels decreased over time; ADMA levels increased, SDMA levels remained stable, and the ADMA/SDMA
ratio increased. In 14 non-survivors, creatinine, IL-6, TNF-α, CRP, and ADMA levels were stable, whereas the SDMA
levels increased and the ADMA/SDMA ratio remained low. In both ICU survivors and non-survivors, the levels on
the last ICU day confirmed the data trends. SDMA, but not ADMA, was associated with ICU mortality.
Conclusion. ADMA catabolism appears to be activated by inflammation; its increase during the advanced septic
phase in surviving patients may suggest an endogenous inhibition of NO synthesis during the full-blown septic phase.
In severe sepsis, SDMA, but not ADMA, appears to be a marker of alterations in vital functions and mortality.
(Minerva Anestesiol 2010;5:325-33)
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in a reaction catalyzed by dimethylarginine
dimethylaminohydrolase (DDAH). DDAH is
highly expressed in the liver, kidney, pancreas and
endothelial cells. Under normal conditions, their
plasma levels are similar. 

Dimethylarginines may interfere with nitric
oxide (NO) synthesis by competing with arginine
for cationic amino acid transporters of the y+ sys-
tem.4 ADMA is also an endogenous nonselective
inhibitor of endothelial and inducible NO syn-
thase.5-7 Increased catabolism combined with renal
and hepatic dysfunction cause increases in ADMA
(and SDMA) levels, which may result in decreased
NO production.8-11

Clinical evidence suggests that a high ADMA
level is a predictor of adverse outcomes in critical-
ly ill patients,1, 8-10 surgical patients,11 end-stage
renal disease,12 coronary heart disease,13, 14 and
idiopathic pulmonary arterial hypertension.15

Interestingly, the administration of NG-mono-
methylarginine, a pharmacological nonspecific
NO synthase inhibitor analogous to ADMA,
increased mortality rates in septic patients,16 indi-
cating an adverse effect of nonselective NO inhi-
bition. Moreover, stress and related factors, e.g.,
cytokines and hyperglycemia, affect DDAH activ-
ity in a manner that remains controversial.17-19, 20

It is of interest to clarify the endogenous regulation
of anti-NO synthesis in sepsis. 

Few data are available on the plasma variations
of dimethylarginines during the clinical course of
stressed patients. To the best of our knowledge,
ADMA has only been measured at admission and
either on day 7 10 or the second, seventh, and the
last day in the ICU, and only a single study 8 has
measured the role of SDMA in these patients.
Here, we investigated if the time course of plas-
ma ADMA and SDMA concentrations could offer
insight on the endogenous modulation of NO
synthesis during the favorable or adverse clinical
course of patients with severe sepsis and septic
shock. We particularly focused on the interplay
between the metabolic pathways of cytokines and
dimethylarginines, aiming to verify if, as recently
described for laboratory animals 20 and less severe
patients,19 cytokines would induce the elimina-
tion of dimethylarginines and have an effect on
the degree of inhibition of NO synthesis during
early and late phases of sepsis.

Materials and methods

The results presented in this paper originate
from a post hoc analysis of data collected between
December 2004 and March 2007 from three
Italian university hospital intensive care units
(ICUs). All data were collected during a random-
ized controlled clinical trial (RCT) that had inves-
tigated whether prevention of hyperglycemia affect-
ed some metabolic pathways involved in the patho-
physiology of severe sepsis and septic shock (name-
ly the coagulation- fibrinolysis system 21, 22 and
the NO pathway).23 The results of this RCT have
already been published.21-23

This study was approved by the institutional
review boards of each hospital. Written informed
consent was obtained from each subject before
enrollment or was delayed until recovery if one
was unable to express her/his will due to his/her
condition.

Study population: Consecutively admitted
patients were enrolled if they met the criteria for
severe sepsis.24 Exclusion criteria were as follows:
1) age younger than 16 years; 2) hematological
malignancies or bone marrow transplantation; 3)
diabetes; and 4) likelihood of early death because
of the underlying disease. In a previous paper 23

and in the present analysis, we excluded patients
with artificial renal support or with only basal
dimethylarginines assays. Because we found no
effects of tight glycemic control on clinical and all
relevant biochemical variables (except for blood
glucose), or in ADMA 23 and SDMA 25 (see ESM)
plasma levels during the ICU stay, we pooled data
of the two glucose strategies. As a part of the inten-
sive care, parenteral/enteral/mixed nutrition (25
kcal/kg ideal body weight) was given as soon as it
was tolerated.

Measurements: The demographic and clinical
details of all patients were recorded at baseline,
including severity of illness, using the Simplified
Acute Physiologic Score II 26 (SAPS II), and mor-
bidity, using the Sequential Organ Failure
Assessment score 27 (SOFA). The SOFA score was
also determined at each sampling time. Blood was
sampled 23 for glucose (measured every 4 hours or
more frequently when indicated), creatinine,
ADMA, SDMA, arginine, interleukin-6 (IL-6),
tumor necrosis factor-α (TNF-α) and C-reactive
protein (CRP) levels were measured immediately
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after enrollment (D0-fasting) and on the third
(D3), sixth (D6), ninth (D9), twelfth (D12) and
on the last ICU day (Last). Plasma arginine,
ADMA and SDMA levels were determined by
employing high-performance liquid chromatogra-
phy (HPLC) as previously described.23, 28 The ref-
erence levels 28 in 77 healthy volunteers (38 male,
age 41±16 years, creatinine 0.76±0.13 mg/100
mL) were: arginine 77.2±1.0 µmol/L, ADMA
0.46±0.13, SDMA 0.41±0.09, and ADMA/
SDMA ratio 1.19±0.38. According to the refer-
ence ratio, at any level of dimethylarginine appear-
ance and renal function, an increase/decrease of
ADMA with respect to plasma SDMA level could
indicate lower or higher activity of DDAH.5, 19

Thus, we used the ADMA/SDMA ratio as a rough
indicator of ADMA metabolism.

Fasting basal levels were compared to normal
values. We determined the relationship between
D0-D12 dimethylarginine levels and the pre-exist-
ing comorbidities, diagnosis, SAPS II, daily SOFA
scores, sepsis status and blood parameters (mean
daily glucose concentration, creatinine, urea, biliru-
bin, platelets, white blood cells, pH, arginine, IL-
6, TNF-α, and CRP levels). Finally, we investi-
gated whether dimethylarginine levels were relat-
ed to ICU mortality. 

Statistical analysis

To assess the differences in each variable over
time and their determinants, we used a linear
mixed model for repeated measures based on each
single patient. Non-normally distributed variables
were log-transformed for the analysis. The mod-
el took into account the effect of time as a within-
subject factor, with centers and the center-patients
interaction fitted as random to correct for differ-
ences in the size of the treatment effect across cen-
ters. In addition, we used Student’s t-test or the
Mann-Whitney U test as needed to assess differ-
ences between groups, and the chi-square test was
used to compare categorical data. To assess the
determinants of ICU mortality, we used a logistic
regression for basal values and a linear mixed mod-
el for D0-D12 values. In both cases, we report the
odds ratios (OR) and their 95% confidence inter-
vals (CI). We considered P<0.05 as statistically
significant. Statistical analysis was done using Stata
Statistical Software, release 9.2 (Stata Corporation,
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TABLE I.—Demographics, clinical characteristics and the fasting
profile of biochemical markers at ICU admission. 

Male sex - No. (%) 47 (65.2)

Age - yr 62.2±14.3

BMI - kg/m2 26.2±6.0

IBW - kg 63.7±7.5

ICU Admission type - No. (%)
Medical 46 (66.6)
Surgical Unscheduled 21 (30.4)
Surgical Scheduled 2 (2.9)0

Infection site - No. (% of patients)
Pulmonary 35 (48.6)
Abdominal 18 (25.0)
Urinary tract 10 (13.8)
Others 17 (23.6)

Severe Sepsis - No. (%) 14 (19.4)

Septic Shock - No. (%) 58 (80.5)

SAPS II score - points 41.7±13.3

SOFA score - points 8.9±3.1

SOFA score (organ system > 3 points)
Respiratory Failure - no (%) 43 (59.7)
Coagulation Failure - no (%) 11 (15.2)
Hepatic Failure - no (%) 6 (8.3)0
Cardiovascular Failure - no (%) 53 (73.6)
Neurological Failure - no (%) 3 (4.2)0
Renal Failure - no (%) 3 (4.2)0

Blood glucose - mg/dL 144.6±41.0

Creatinine - mg/dL 2.1±1.7

Arginine - µmol/L  
(Norm: 55-95) 61.3 [45.8-80.9]

IL-6 - pg/mL
(Norm: 0.19-12.00) 234.2 [62.3-449.8]

TNF-α - pg/mL
(Norm: 3.75-18.25) 39.6 [16.7-94.5]

CRP - µg/mL
(Norm: 0.15-6.55) 162.4 [110.0-228.3]

ADMA - µmol/L
(Norm: 0.33-0.59) 0.96±0.41

SDMA - µmol/L
(Norm: 0.31-0.49) 2.05±1.09

ADMA/SDMA
(Norm: 0.89-1.42) 0.54±0.23

Values are presented as mean±SD or median [interquartile range]. BMI:
Body-Mass Index; IBW: ideal body weight; ICU: intensive care unit;
SAPS II: simplified acute physiological score; SOFA: sepsis-related organ
failure assessment; IL-6: interleukin-6; TNF-·: tumor necrosis factor-·;
CRP: C-reactive protein; ADMA: asymmetric dimethylarginine; SDMA:
symmetric dimethylarginine; Norm: normal range.
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College Station, TX). Results are given as
mean±standard deviation or as median (interquar-
tile range) when the data was normally or not nor-
mally distributed, respectively.

Results

Of the 90 patients enrolled in the trial, 18 were
excluded from the analysis for a length of stay less
than 3 days. Thus, 72 patients had at least D0 and
D3 samples and were included in the analysis.
Demographics, clinical characteristics and bio-
chemical markers profile at ICU admission are
presented in Table I. Ventilation, cardio-circulato-
ry therapy and energy supply (1,279±544 kcal,
IU insulin 55.2±98.4 per day) was provided. The
arginine dose at full strength supply ranged from
about 3 (Enteral) to 4 (Parenteral) g/day.

Basal fasting glycemia, creatinine, IL-6, TNF-
α and CRP levels were higher than normal, and

arginine levels were at the lower limit of normal.
ADMA and SDMA levels were 2- and 5-fold high-
er, respectively, than in healthy volunteers, and
the ADMA/SDMA ratio was decreased by 50%.
The mean clinical and biochemical data during
the study period (D0-D12) and the ICU outcome
are shown in Table II. The daily trend of ADMA,
SDMA and the ADMA/SDMA ratio is shown in
Figure 1. 

In the multivariate linear mixed effects model
(Table III, P<0.001 for all reported variables),
ADMA levels were only directly related to the total
SOFA score and arginine levels and was inversely
related to IL-6 and CRP levels. SDMA levels were
related to the SAPS II score, the SOFA score, and
blood urea, creatinine, and arginine levels. The
ADMA/SDMA ratio was inversely related to IL-
6 levels. 

ICU mortality was related to admission and
D0-D12 levels of SDMA (logistic regression,
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Figure 1. Time course of asymmetric and symmetric dimethy-
larginine (ADMA and SDMA, respectively) blood levels
(mean±standard error) during ICU stay and the last ICU day
(Last). The dotted line represents the upper reference range. All
data: P<0.001 vs. normal values.  Comparison between D0 and
last ICU day. Surviving patients: ADMA levels, P<0.0001;
ADMA/SDMA ratio, P<0.0001. Non-surviving patients:
ADMA levels, P=0.049; ADMA/SDMA ratio, P=0.022.
Comparison between surviving and non-surviving patients. At
D0: SDMA levels, P=0.017; ADMA/SDMA ratio, P=0.0034.
At last ICU day: SDMA levels, P=0.005; ADMA/SDMA ratio,
P=0.025.
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OR=1.83 [1.09-3.08], P=0.023 and OR=2.32
[1.26-4.26], P=0.007, respectively) but not to
ADMA levels. Compared to survivors, the 14
patients who died in the ICU had a higher num-
ber and degree of organ failure, higher mean lev-
els of creatinine, IL6, ADMA, and SDMA (Figure
1, Table II) and a lower mean ADMA/SDMA
ratio. Creatinine, IL-6, TNF-α, CRP and ADMA
levels did not change during the study period (lin-
ear mixed model, P=0.299, 0.291, 0.470, 0.116,
and 0.196, respectively), SDMA showed a daily
increase of 0.105 µmol/L (P=0.048; Figure 1),
and the resulting ADMA/SDMA ratio did not
significantly change (P=0.314). On the contrary,
levels of creatinine (linear mixed model, daily
reduction=0.064 mg/dL, P<0.001), IL-6 (daily
reduction=12.094 pg/mL, P<0.001), and CRP
(daily reduction=8.846 µg/mL, P<0.001) progres-
sively decreased in the 58 surviving patients who

were discharged from the ICU. ADMA rose sig-
nificantly (daily increase=0.013 µmol/L, P<0.001),
while the high level of SDMA remained stable
(P=0.219; Figure 1). As a result, the
ADMA/SDMA ratio rose significantly (daily
increase=0.017 points, P<0.001; Figure 1). 

On the last ICU day of all patients, measure-
ments were taken after D12 in 23 of the 58 surviv-
ing patients as well as 7 of the 14 non-surviving
patients (Table IV). The ADMA levels and the
ADMA/SDMA ratio on the last ICU day were
increased compared to baseline levels in both sur-
viving and non-surviving patients (Figure 1).
Moreover, SDMA levels and the ADMA/SDMA
ratio were different in surviving and non-surviv-
ing patients. Arginine levels were within normal
ranges in both groups; however, the SOFA score
and the levels of creatinine, IL-6, and CRP were
lower in patients who survived. 
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TABLE II.—Differences in clinical characteristics and average profile of biochemical markers during the study period (D0-D12) bet-
ween ICU survivors and not survivors. 

ICU outcome ICU survivors ICU non-survivors P58 14

D0 - D12
Septic Shock - no (%) 49 (84.5) 14 (100.0) <0.1150

Mean SOFA score* - points 5.5±2.8 10.5±3.1 <0.0010

Worst SOFA score* - points 9.7±2.7 12.6±2.7 <0.0010

Total SOFA score* - points 33.8±23.0 50.9±37.7 <0.0010

Blood glucose - mg/dL 135.7±31.9 134.9±43.7 <0.9000

Creatinine* - mg/dL 1.4±1.2 2.5±1.4 <0.0010

Arginine - µmol/L
(Norm: 55-95) 73.3 [56.7-99.6] 72.8 [58.8-87.9] <0.4500

IL-6* - pg/mL
(Norm: 0.19-12.00) 49.7 [22.1-118.9] 146.7 [39.5-444.7] <0.0004

TNF-α - pg/mL
(Norm: 3.75-18.25) 20.9 [13.8-32.9] 17.3 [13.2-42.6] <0.6700

CRP - µg/mL
(Norm: 0.15-6.55) 72.6 [29.8-124.6] 81.6 [44.0-168.8] 0.06

ADMA* - µmol/L
(Norm: 0.33-0.59) 1.05±0.39 1.22±0.48 <0.0067

SDMA* - µmol/L
(Norm: 0.31-0.49) 1.93±1.25 3.54±2.16 <0.0001

ADMA/SDMA*
(Norm: 0.89-1.42) 0.68±0.32 0.42±0.22 <0.0001

ICU STAY* - days 23.8±17.2 15.7±9.4 <0.0010

Values are presented as mean ± SD or median [interquartile range].  ICU: intensive care unit; SOFA: sepsis-related organ failure assessment; IL-6:
interleukin-6; TNF-·: tumor necrosis factor-·; CRP: C-reactive protein; ADMA: asymmetric dimethylarginine; SDMA: symmetric dimethylargini-
ne; Norm: normal range. *P<0.05 survivors vs. non-survivors.
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Discussion

In this study, SDMA was found to be directly
related to indicators of organ failure severity, where-
as ADMA was found to be inversely related to
proinflammatory cytokines. Moreover, a signifi-
cant daily increase in ADMA levels and a concur-
rent reduction in renal failure and markers of
inflammation were observed in ICU survivors. 

There are several interesting reasons to study
methylarginines in critically ill patients: 1) methy-
larginines are markers of nuclear protein break-
down;4 2) they may also interfere with NO synthe-
sis 4-7 (as for this property, ADMA might have a
role in the outcome,4, 8 whereas little attention has
been paid to SDMA); and 3) the impact of sys-
temic inflammatory reaction on ADMA catabo-

lism remains controversial 17-20, 29 and, due to
ADMA activity, it is of interest to clarify the time
course of the endogenous regulation of NO
inhibitors in patients with severe sepsis.11

The main prerequisite for any study on this top-
ic is a population of highly stressed, critically ill
patients, i.e., patients admitted with severe sepsis
and septic shock. Indeed, our cohort was at sig-
nificant high risk; approximately 50% of our
patients had pneumonia, 25% had peritonitis,
and 80% were admitted for septic shock. The
severity of the patients at admission and the num-
ber and degree of organ failures (Table I) resulted
in a high level of treatment, substantial mortality
and long ICU stays (Table II).

In this setting, we found that ADMA and
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TABLE III.—Dimethylarginine plasma level determinants during the study period (D0-D12). 

ADMA SDMA ADMA/SDMA ratio

R P R P R P

SAPS II score -0.11* <0.140 -0.40* <0.001 -0.01* <0.430
Daily SOFA score -0.02* <0.190 -0.62* <0.001 -0.14* <0.750
Worst day SOFA -0.08* <0.310 -0.44* <0.001 -0.26* <0.760
Total SOFA score -0.22* <0.001 -0.50* <0.001 -0.01* <0.610
Blood urea -0.15* <0.180 -0.62* <0.001 -0.18* <0.560
Creatinine -0.09* <0.110 -0.50* <0.001 -0.31* <0.240
Arginine -0.38* <0.001 -0.14* <0.001 -0.2*0 <0.090
IL-6 -0.31* <0.001 -0.02 <0.400 -0.24* <0.001
CRP -0.28* <0.001 -0.05 <0.810 -0.21 <0.420

ADMA: asymmetric dimethylarginine; SDMA: symmetric dimethylarginine; SAPS II: Simplified acute physiology score II; SOFA: sepsis-related
organ failure assessment; IL-6: interleukin-6; CRP: C-reactive protein; R: correlation coefficient between variables. *variables significantly (P<0.05)
related.

TABLE IV.—Clinical characteristics and average profile of biochemical markers in the last ICU day of ICU survivors and non-sur-
vivors. 

ICU outcome ICU survivors ICU non-survivors P23 7

Mean SOFA score* - points 3.8±2.0 10.8±3.9 <0.001

Creatinine* – mg/dL 1.3±1.4 2.7±1.7 <0.009

Arginine - µmol/L  
(Norm: 55-95) 82.5[61.8-97.0] 61.9[52.3-89.6] <0.260

IL-6 * - pg/mL
(Norm: 0.19-12.00) 37.7 [15.9-73.9] 172.5 [54.4-466.5] <0.001

CRP * - µg/mL
(Norm: 0.15-6.55) 55.5 [25.8-111.5] 107.8 [56.9-170.8] <0.040

Values are presented as mean±SD or median [interquartile range]. ICU: intensive care unit; SOFA: sepsis-related organ failure assessment; IL-6: inter-
leukin-6; CRP: C-reactive protein; Norm: normal range. *P<0.05 survivors vs. non-survivors.
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SDMA fasting plasma levels on the day of admis-
sion were 2- and 5-fold higher, respectively, than
in healthy volunteers (and higher than reported
in less severely ill patients).8, 9, 11 The rise in ADMA
levels was not as evident as for SDMA, which is
consistent with the only study on SDMA levels
in septic patients.10 As a consequence, the
ADMA/SDMA ratio was decreased by 50%. 

The determinants of both dimethylarginine lev-
els during full-blown stress reaction (Table III)
were arginine plasma levels and the severity of
organ failure (as previously described only for
ADMA).8, 10 The SDMA concentration was also
strongly and independently related to the pres-
ence of renal failure. This finding is hardly sur-
prising because urinary excretion is the main
process of elimination in humans.3 Curiously, both
ADMA levels and the ADMA/SDMA ratio were
inversely related to the levels of inflammatory
markers CRP and IL-6. This result is in apparent
contrast to the assumed down-regulation of
DDAH during oxidative stress and cytokine
release.17, 29 In fact, the reduced DDAH activity
should raise the ADMA level, not lower it.
However, our findings fit with recent reports in
cultured smooth muscle cells 20 and in infected
medical ward patients,19 in which inflammation,
and particularly IL-6, were found to play an impor-
tant inductive role for DDAH. Thus, a high lev-
el of IL-6 should induce the DDAH enzyme,
which will, in turn, lower ADMA levels.

To further clarify the metabolism of dimethy-
larginines, we divided the patients according to
their ICU outcome (Figure 1). During the first
12 days of sepsis (Table II), ICU survivors had a
logical decrease in creatinine, IL-6, and CRP lev-
els. In contrast, levels of creatinine, IL-6, TNF-
α, and CRP remained high in patients who did
not survive the ICU. In the latter group, high basal
SDMA levels were increased, whereas ADMA lev-
els did not increase as expected due to high cata-
bolic appearance, progression of renal failure, and
a possible sub-clinical septic liver involvement.
Consequently, the resulting ADMA/SDMA ratio
remained very low (0.42). 

In contrast, the SDMA remained stable in
patients who survived, and the ADMA levels
showed a moderate, but significant, daily increase
from the basal levels; as a consequence, the

ADMA/SDMA ratio increased. This finding was
an unexpected if we consider the presumably
decreased appearance of methylarginine (reduced
protein catabolism) and the improved renal excre-
tion (creatinine decrease). Nonetheless, our find-
ing is similar to the results from the only available
study on both methylarginines in ICU surgical
patients.8

Thus, in the acute phase of sepsis, notwith-
standing a significant increase, the ADMA levels
were consistently reduced with respect to SDMA
levels, suggesting a consistent catabolism. In an
advanced phase in patients who began to improve
from sepsis, ADMA catabolism showed a decreas-
ing trend. 

We further investigated the dimethylarginines
levels by pooling together the values on the last
ICU day. In ICU survivors, stress reaction (IL-6
and CPR) and organ failure (creatinine and SOFA
scores) recovered with respect to admission val-
ues, whereas in patients who did not survive, this
recovery did not happen. Interestingly, survivors
at the late phase of the inflammatory process had
plasma ADMA levels that were increasing, instead
of decreasing, and had an ADMA/SDMA ratio
that, though increasing, remained below normal
values (0.89). This result supports the hypothesis
that the DDAH enzyme, which is highly expressed
along with a cytokine burst in full-blown stress
reactions (inhibiting the endogenous ADMA
increase), relapses as the cytokine-associated infec-
tious process subsides.19 This finding  suggests that
ADMA is contained during the early septic phase
and increases in advanced septic phases with favor-
able outcomes (i.e., a possible early preservation
of NO production, followed by an endogenous
increase of NO synthesis inhibition), which may,
at least in part, explain the adverse effects of the
administration of an ADMA analogue at the ear-
ly stage of sepsis when it is supplied to elicit an
acute and non-selective inhibition of NO.16

Studies in critically ill patients have shown that
ADMA is an independent predictor of ICU mor-
tality for the most severe cases 8 and that an increase
in ADMA between days 0 and 2 and in the last
days of ICU stay is significantly related to ICU
mortality.9 Inconsistent with previous studies,8-10

the SDMA level in our severely septic patients
appeared to be a more robust independent pre-
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dictor of both organ failure and ICU mortality
compared to ADMA level. Even if modestly hypo-
caloric, our nutritional regimen was able to normal-
ize the plasma concentration of L-arginine dur-
ing sepsis. Arginine supply, which is a determi-
nant of both dimethylarginine levels (Table III), is
supposed to overcome the deleterious effects of
high ADMA levels on vital functions.30 This could
explain the observed clinical improvement
notwithstanding the increase of ADMA levels and
highlights the complexity of the pathophysiolo-
gy of sepsis. 

The main limitation of our study is that it was
a post hoc analysis of data from a randomized
study on tight glycemic control 23 that showed no
impact on ADMA metabolism. For this reason,
we pooled data of patients who were given two
different treatment regimens. The case-mix was a
homogeneous group of severely septic patients,
and all of the described clinical and biochemical
variables (with the exception of blood glucose)
showed no differences between the tight glycemic
control or conventional treatment.23, 25 Thus, pool-
ing the patients resulted in a large dataset that
allowed a deeper insight into dimethylarginine
metabolism in patients with sepsis.

Conclusions

In conclusion, this study produced three main
findings: 1) SDMA, rather than ADMA, was
found to be a marker of alterations in vital func-
tions and mortality rate in patients with severe
sepsis; 2) inflammatory markers were negatively
associated with ADMA levels and the ADMA/
SDMA ratio, possibly indicating activation of
ADMA catabolism by inflammation; and 3) when
the stress reaction subsided the moderate increase
in plasma ADMA concentration along with nor-
mal arginine plasma levels suggest a reduction in
initially high ADMA catabolism and thus a pos-
sible strengthening of the endogenous inhibition
of NO synthesis. 
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