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Abstract

Objective—Arginine deficiency may contribute to microvascular dysfunction, but previous
studies suggest that arginine supplementation may be harmful in sepsis. Systemic arginine
availability can be estimated by measuring the ratio of arginine to its endogenous inhibitors,
asymmetric and symmetric dimethylarginine. We hypothesized that the arginine to
dimethylarginine (Arg/DMA) ratio is reduced in patients with severe sepsis and associated with
severity of illness and outcomes.

Design—Case-control and prospective cohort study
Setting—Medical and surgical intensive care units of an academic medical center
Patients and Subjects—109 severe sepsis and 50 control subjects

Measurements and Main Results—Plasma and urine were obtained in control subjects and
within 48 hours of diagnosis in severe sepsis patients. The Arg/DMA ratio was higher in control
subjects vs. sepsis patients ((median = 95 [inter-quartile range = 85 — 114]) vs. 34 [24 - 48], p <
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0.001), and in hospital survivors vs. non-survivors ((39 [26 — 52]) vs. 27 [19 — 32], p = 0.004). The
Arg/DMA ratio was correlated with Acute Physiology and Chronic Health Evaluation 11 score
(Spearman’s correlation coefficient [rho] = — 0.40, p < 0.001) and organ-failure free days (rho =
0.30, p = 0.001). A declining Arg/DMA ratio was independently associated with hospital mortality
(odds ratio =1.63 per quartile, 95% confidence interval [CI] = 1.00 — 2.65, p = 0.048) and risk of
death over 6 months (hazard ratio = 1.41 per quartile, 95% CI = 1.01 — 1.98, p = 0.043). The Arg/
DMA ratio was correlated with the urinary nitrate to creatinine ratio (rho = 0.46, p < 0.001).

Conclusions—The Arg/DMA ratio is associated with severe sepsis, severity of illness, and
clinical outcomes. The Arg/DMA ratio may be a useful biomarker, and interventions designed to
augment systemic arginine availability in severe sepsis may still be worthy of investigation.
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arginine; nitric oxide; amino acids; sepsis; septic shock; critical care

INTRODUCTION

Microvascular dysfunction in severe sepsis and septic shock may result from reduced
bioavailability of nitric oxide (NO) (1). Nitric oxide is produced by nitric oxide synthases
(NOS), converting arginine to NO and citrulline. Nitric oxide synthesis is inhibited by
asymmetric and symmetric dimethylarginine (ADMA and SDMA, respectively), metabolites
of arginine that are produced during protein catabolism and catalyzed by protein arginine
methyltransferase (PRMT) (2,3). SDMA inhibits NO synthesis by competitively inhibiting
cellular arginine uptake via membrane cationic amino acid transporters (CAT) (3,4), and
ADMA inhibits NO synthesis primarily by direct competitive inhibition of NOS (2).
Arginine is also metabolized by arginase, producing urea and ornithine. Based upon this
biochemistry, systemic arginine availability has been estimated in cardiovascular and
pulmonary diseases by calculating ratios of arginine to its enzymatic products (e.g.,
citrulline and ornithine) and arginine to its inhibitory metabolic byproducts (e.g., ADMA
and SDMA) (5,6).

Previous studies have shown that arginine levels are low in sepsis, at least in part because of
impaired endogenous arginine synthesis and accelerated hepatic arginine clearance (7-10).
However, these studies did not specifically link arginine deficiency with poor outcome or
severity of illness. ADMA levels are independently associated with mortality in unselected
critically ill patients (11,12), but the relationship between ADMA and outcome specifically
in septic patients has not been established (13). Experimental studies show that low systemic
arginine availability occurs after endotoxemia, and also impairs vital organ blood flow and
cardiovascular function (14,15).

It is unknown whether the aforementioned ratios have prognostic significance in severe
sepsis and septic shock. The goal of this study was to determine if these estimates of
systemic arginine availability are reduced in patients with severe sepsis and septic shock and
associated with severity of illness and outcomes. Some of the results of this study have been
reported previously in abstract form (16).

MATERIALS AND METHODS

Study Design

This was a prospective, single-center cohort study, described previously (17). Consecutive
patients meeting diagnostic criteria for severe sepsis or septic shock (18) (collectively
referred to hereafter as severe sepsis) admitted to the medical or surgical intensive care units

Crit Care Med. Author manuscript; available in PMC 2012 June 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Gough et al.

Page 3

at the University of Rochester Medical Center were screened for enrollment. The
comprehensive list of prospectively-defined exclusion criteria are shown in Figure 1.

Venous blood samples were collected within 48 hours of diagnosis and again 3-5 days later.
Patients were not enrolled if laboratory technicians were unavailable to process specimens
within 48 hours of diagnosis (Figure 1). Whole blood was centrifuged at 1,500 g for 10
minutes and the plasma supernatant was immediately snap frozen and stored at —80° C until
analysis. Amino acids were measured using ion exchange chromatography, and
dimethylarginines were measured using reversed phase high performance liquid
chromatography (HPLC) coupled with positive-electron ionspray mass spectrometry (MS)
in multiple reaction monitoring (MRM) mode (see the complete description of laboratory
measurements in Supplemental Digital Content). The ratios of arginine to its inhibitory
dimethylarginine metabolites ADMA and SDMA (Arg/DMA), and of arginine to its
enzymatic by-products citrulline and ornithine (Arg/(Cit+Orn)) were calculated to estimate
systemic arginine availability. Arginase activity was estimated by the arginine to ornithine
ratio (Arg/Orn) (6). To provide relevant reference ranges for our measurements, control
subjects without acute illness were recruited from the local community by age and gender
strata approximating the severe sepsis cohort. Control subjects were excluded if they had
conditions or used medications shown in Figure 1, or if they had active infection or used
antibiotics within 6 weeks of sample collection. All subjects or their surrogates provided
informed consent and the study protocol was approved by the University of Rochester
Research Subjects Review Board.

In a post-hoc analysis we measured urinary nitrate concentrations in samples obtained
simultaneous with the blood sample to assess relationships between estimates of systemic
arginine availability and NO production. Urine nitrate was measured using reductive
chemiluminescence (see description of laboratory measurements in Supplemental Digital
Content). Urine nitrate concentrations were divided by the urine creatinine concentration,
measured using a commercially available colorimetric assay (R & D Systems, Inc.,
Minneapolis, MN, USA), to adjust for urine dilution (19). Results are expressed as uM urine
nitrate / mM urine creatinine. Values were not available in two septic subjects because one
subject’s urine specimen was lost and another subject’s urine creatinine was below the lower
detection limit.

Statistical Analyses

Results are expressed as mean = standard deviation (SD) or median (inter-quartile range
[IQRY]), as appropriate. Student’s t-test, the Wilcoxon rank-sum test, or the Wilcoxon
matched pairs signed-ranks test was used to compare continuous or discrete variables
between groups of subjects and between measurements from the same subjects at different
times, as appropriate. The chi-square test was used to compare categorical variables.

Spearman’s rank correlation coefficients (rho) were calculated between Arg/DMA or Arg/
(Cit + Orn) and other continuous variables, including urinary nitrate concentrations, acute
physiology and chronic health evaluation Il (APACHE 1) scores (using data from the first
24 hours of ICU admission), sepsis-related organ failure assessment (SOFA) scores, number
of organ failure-free days from day 0-28, and number of ventilator-free days from day 0-28
(20-22). The Kaplan-Meier method was used to assess the relationship between Arg/DMA
or Arg/(Cit+QOrn) and 6 month survival (23).

Multivariable logistic regression was used to assess the independent associations between
Arg/DMA or Arg/(Cit+Orn) ratios and severe sepsis while controlling for potential
confounding variables. Multivariable logistic regression and Cox proportional hazards
analyses were used to assess the independent relationship between these ratios and hospital
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mortality or risk of death over 6 months, respectively, while controlling for potential
confounding variables (see statistical methods in Supplemental Digital Content).

Statistical analyses were performed using Stata Statistical Software: Release 9 (College
Station, TX: StataCorp LP).

From February 2006 through May of 2008, 430 patients with clinical suspicion for severe
sepsis were screened and 109 patients were enrolled (Figure 1). Fifty age- and gender-
stratified control subjects without acute illness were recruited. Clinical characteristics of the
study subjects are shown in Table 1. In severe sepsis subjects, the initial blood samples were
obtained 30 (20 — 39) hours after diagnosis, and statistical analyses are based on these
measurements unless otherwise specified. Thirty-one severe sepsis patients died during
hospitalization: 25 (80%) during the initial sepsis episode, 3 (10%) during a recurrent sepsis
episode, and 3 (10%) from cardiovascular causes after sepsis had clinically resolved.

Severe sepsis vs. control subjects

Severe sepsis patients had lower arginine, citrulline, and ornithine levels and higher ADMA
and SDMA levels than control subjects (Table 2). Compared to control subjects, severe
sepsis patients had lower Arg/DMA (Figure 2A), but similar Arg/(Cit+Orn) and Arg/Orn
ratios (Table 2). The Arg/DMA ratio was independently associated with sepsis after
adjustment for baseline differences in creatinine and Charlson comorbidity score (24)
between control and severe sepsis subjects (OR = 5.91 per quartile decrease in Arg/DMA
ratio, 95% Cl = 2.45 — 14.26, p < 0.001, Table 3).

Relationship of Arg/DMA and Arg/(Cit+Orn) to clinical outcomes and severity of illness in
severe sepsis

Comparison of clinical variables between severe sepsis hospital survivors and non-survivors
are shown in Table 1. Hospital non-survivors had similar amino acid levels but higher
dimethylarginine levels compared to survivors (Table 2). The Arg/DMA ratio and to a lesser
extent the Arg/(Cit+Orn) ratio were reduced in non-survivors vs. survivors (Table 2 and
Figure 2B). The Arg/DMA ratio was negatively correlated with APACHE 11 score
(Spearman’s rho = — 0.404, p < 0.001) and maximal SOFA score from day 0 -7
(Spearman’s rho = —0.319, p < 0.001), and positively correlated with numbers of organ
failure free days (Spearman’s rho = 0.302, p = 0.001) and ventilator-free days (Spearman’s
rho = 0.262, p = 0.006). These illness severity measures and outcomes were not significantly
correlated with the Arg/(Cit+Orn) or Arg/Orn ratios.

In univariate analysis, the odds ratio of hospital death increased progressively with
decreasing Arg/DMA ratio (odds ratio [OR] = 2.13 per quartile decline of Arg/DMA ratio,
95% confidence interval [C.I.] = 1.38 — 3.29, p = 0.001). Six-month survival also decreased
as the Arginine/DMA ratio declined (hazard ratio [HR] = 1.68 per quartile decline of Arg/
DMA ratio, 95% CI = 1.25 - 2.26, p = 0.001, log rank test chi-square = 13.72, p = 0.003,
Figure 3). The Arg/(Cit+Orn) ratio was associated with hospital mortality in univariate
analysis (OR = 1.47 per quartile decline in Arg/(Cit+Orn) ratio, 95% C.I. = 1.00 - 2.16, p =
0.049) but did not predict 6 month survival (HR = 1.26, 95% CI = 0.95 -1.67, p = 0.105, log
rank test chi-square = 2.89, p = 0.41). The Arg/Orn ratio was not associated with either
hospital mortality or 6 month survival.
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Multivariable analysis

Multivariable logistic regression showed that the Arg/DMA ratio was a significant
independent predictor of hospital mortality (OR =1.63, 95% CI = 1.00 — 2.65 per quartile
decrease in Arg/DMA ratio, p = 0.048, Table 3) after controlling for baseline differences in
age and creatinine concentration (see Table 1 for baseline differences between groups and
Supplemental Digital Content for details of multivariable modeling). Likewise,
multivariable Cox proportional hazards analysis showed that the Arg/DMA ratio was a
significant independent predictor of the risk of death over 6 months after controlling for a
history of hypertension and creatinine concentration (HR = 1.41, 95% CI = 1.01 — 1.98 per
quartile decrease in Arg/DMA ratio, p = 0.043, Table 3).

The Arg/(Cit+Orn) was not an independent predictor of hospital mortality (OR = 1.23 per
quartile decrease in ratio, 95% CI = 0.81 — 1.87, p = 0.330), after controlling for age and
creatinine in the final model.

Relationship Between Arg/DMA and Urinary Nitrate Concentrations

Urinary nitrate concentrations were significantly higher in controls (92.8 [IQR = 68.0 —
151.2] uM nitrate/mM creatinine) vs. sepsis patients (24.9 [6.6 — 67.0] uM nitrate/mM
creatinine, p < 0.001), and non-significantly higher in sepsis survivors (30.8 [9.2 — 82.5] uM
nitrate/mM creatinine) vs. non-survivors (16.5 [5.4 — 54.1] uM nitrate/mM creatinine, p =
0.077). Analyzing all paired plasma and urine measurements (n = 157), the Arg/DMA ratio
was directly correlated with urinary nitrate concentration (Spearman’s rho = 0.449, p <
0.001, see Figure E2 in Supplemental Digital Content). This significant correlation was not
evident, however, when separately analyzing the severe sepsis cases (Spearman’s rho =
0.132, p = 0.174) or the control subjects (Spearman’s rho = — 0.179, p = 0.214).

Subsequent measurements

Ninety-one sepsis subjects had repeat plasma samples (Measurement 2) obtained 67 (48 —
72) hours after the initial measurements and 90 (79 — 110) hours after diagnosis. Eighteen
subjects did not have repeat measurements because of death (n=10), insufficient sample
(n=5), or hospital discharge (n=3). Over time, arginine, citrulline, ornithine, and ADMA
levels increased in both survivors and non-survivors, while SDMA levels did not change
(Table 4). At Measurement 2, ornithine, ADMA, and SDMA were significantly higher in
non-survivors compared to survivors. The Arg/DMA ratio increased over time in survivors
but did not change significantly in non-survivors, and remained lower in non-survivors vs.
survivors at Measurement 2 (Figure 4). These results suggest improving systemic arginine
availability in the survivors but persistent impairment in the non-survivors. While the Arg/
(Cit+Orn) ratio did not change significantly over time in either survivors or non-survivors,
the ratio remained lower in non-survivors vs. survivors at Measurement 2 (Table 4). The
Arg/Orn ratio, with lower values suggesting higher arginase activity, trended upward in
survivors but downward in non-survivors, such that this ratio was significantly lower in non-
survivors vs. survivors at Measurement 2 (Table 4).

DISCUSSION

The main finding of our study is that the ratio of arginine to its endogenous metabolic
inhibitors, ADMA and SDMA, is associated with severe sepsis, severity of illness, and
independently predicts both hospital mortality and risk of death over the 6 months after
diagnosis. Our results indicate that this estimate of systemic arginine availability could be a
prognostically useful and pathophysiologically significant biomarker in severe sepsis, with
potential therapeutic implications. Similar measurements and ratios have been calculated to

Crit Care Med. Author manuscript; available in PMC 2012 June 1.
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estimate systemic arginine availability in a variety of cardiopulmonary disorders (5,6,25,26),
but to our knowledge such estimates have not been reported in septic patients.

The relationship between lower Arg/DMA and higher mortality suggests that impaired
capacity for NO synthesis is a clinically relevant and detrimental feature of sepsis
pathophysiology. This concept is supported by the direct correlation between Arg/DMA and
urine nitrate shown in our post-hoc analysis and previous experimental studies. For example,
Mittermayer and colleagues showed that arginine and the arginine/ADMA ratio decline
within 4 hours of intravenous endotoxin in humans (14). Human endothelial cells exposed to
lipopolysaccharide (LPS) and tumor necrosis factor-a (TNF-a) in vitro develop increased
arginase activity and decreased endothelial NOS activity, suggesting diversion of arginine
away from NO production (27). Similar experiments showed that TNF-a decreases
endothelial dimethyl-aminohydrolase (DDAH) activity, the enzyme responsible for ADMA
breakdown, resulting in higher ADMA concentrations (28). The hemodynamic
consequences of these biochemical perturbations has been shown in rats treated with
arginase (diverting arginine away from NO synthesis) and ADMA (blocking NO synthesis),
causing decreased cardiac output, increased systemic vascular resistance, and decreased
blood flow to liver, kidneys, and spleen (15). Additional detrimental effects of low systemic
arginine availability may include immune deficiency, impaired wound healing, and
oxidative stress (29,30).

We find that arginine levels are lower in sepsis patients than in healthy subjects, consistent
with several previous studies (7,31). Previous kinetic studies show that arginine decrements
in sepsis are related to both impaired production (8) and accelerated clearance (10).
Importantly, enhanced arginine clearance appears to result from enhanced protein synthesis
in sepsis (9), not augmented NO production (8,9). Like our study, none of these papers
report a significant relationship between arginine concentration and severity of illness or
outcome.

ADMA levels have been associated with severity of illness in septic patients (13) and poor
outcome in unselected critically ill patients (11,12). Prior measurements of ADMA and
SDMA in critical illness have used either an enzyme-linked immunoassay (ELISA) or
HPLC. To our knowledge, our study is the first to measure methylarginines using HPLC-MS
in sepsis. This method has significant advantages in separating and specifically quantifying
ADMA and SDMA (32).

Unlike ADMA, SDMA does not inhibit NOS (2). Until recently SDMA was thought to have
little role in NO physiology and was largely ignored except as a novel measure of renal
function (33). However, recent studies show that SDMA inhibits NO synthesis and increases
reactive oxygen species production in a dose-dependent fashion in endothelial cells (3,34).
The inhibitory effect of SDMA on NO production occurs through competitive inhibition of
cellular arginine uptake via the cationic amino acid transporter system (4). SDMA also
independently predicts coronary artery disease severity, cardiovascular events, and dialysis-
associated hypotension (35,36). These data show that SDMA is metabolically active and
independently associated with cardiovascular disease. Importantly, the association we
observed between the Arg/DMA ratio and mortality persisted even after controlling for
serum creatinine concentration.

We found that the Arg/(Cit+Orn) ratio was similar in sepsis patients vs. controls. While this
estimate of systemic arginine availability was lower in non-survivors compared to survivors,
it was not an independent predictor of outcomes in multivariable analysis. This ratio of

reactant (arginine) to enzymatic products (citrulline and ornithine) has been used previously
to estimate systemic arginine availability because a lower ratio should reflect lower reactant

Crit Care Med. Author manuscript; available in PMC 2012 June 1.
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availability. However, citrulline is metabolized back to arginine under physiological
conditions (9,37). This inter-conversion between product and reactant probably undermines
the ability of this ratio to estimate systemic arginine availability.

Another limitation of the Arg/(Cit+Orn) ratio is that it will not reflect diversion of arginine
metabolism from NOS to arginase, since products of both enzymes are in the denominator.
Notably, ornithine was the only amino acid significantly different in non-survivors vs.
survivors at Measurement 2 (higher in non-survivors). The Arg/Orn ratio has previously
been validated as an estimate of arginase activity (6). Although there was no difference in
this ratio at the first measurement, the rising ornithine concentration was greater over time in
the non-survivors, resulting in a lower Arg/Orn ratio in non-survivors vs. survivors at
Measurement 2. These results suggest a link between arginase activity and worsening sepsis
pathophysiology in non-survivors.

The therapeutic implications of our findings are worthy of consideration. Arginine
supplementation has been studied in critically ill patients with mixed and controversial
results (29,37,38), some studies suggesting harm particularly in patients with severe sepsis
(39,40). Although these clinical trials are limited by co-administration of several
immunonutrients, insufficient power, and methodological weaknesses (37), they are
supported by experimental sepsis studies showing that arginine therapy is harmful (41).
Published nutritional guidelines recommend against arginine supplementation in critically ill
septic patients (42).

Our results confirm low arginine levels in severe sepsis but indicate that outcomes are
predicted only by the Arg/DMA ratio. Moreover, although we found that arginine levels rise
over time during the course of sepsis, the Arg/DMA ratio remains low in non-survivors,
while it improves in survivors. These findings suggest the potential for novel therapeutic
interventions that could specifically increase systemic arginine availability in severe sepsis,
without administering exogenous arginine. For example, oxidative stress decreases DDAH
activity, slows ADMA clearance, and increases ADMA production (43,44). These effects
are prevented by antioxidant therapy. Anti-oxidant therapy has been studied in sepsis and a
compilation of the evidence suggests benefit (45). The Arg/DMA ratio could be used to
specifically identify patients for enrollment in clinical trials of anti-oxidant therapy. Sepsis is
a heterogeneous syndrome, and biomarker-based identification of patients eligible for
tailored therapies offers promise (1). In addition, the declining Arg/Orn ratio in non-
survivors could warrant consideration of arginase inhibition as a novel therapeutic strategy
that could be offered later in the course of sepsis (46).

Study Limitations

Our study shares the limitation of all observational research in that it determines
associations, not causality. Therefore, the possible detrimental effects of low Arg/DMA
discussed herein are speculative and must be further evaluated.

It is important to emphasize that the Arg/DMA ratio only estimates systemic arginine
availability. The Arg/DMA ratio does not include monomethylarginine (MMA), another
PRMT-catalyzed arginine metabolite that inhibits NOS (47) and was included in the
denominator of the ratio reported by Lara, et al (5). However, MMA concentrations are
approximately one-tenth those of either ADMA or SDMA, so its exclusion has only a small
effect on the magnitude of the ratio. The Arg/DMA ratio also does not provide precise
insights about the metabolic fate of arginine in severe sepsis. The latter requires radio-
isotope studies that were beyond the scope of this study. However, such studies have been
performed previously in smaller cohorts and support the concept that arginine bioavailability
and nitric oxide production are reduced in sepsis (8,10). Likewise, we also could not
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determine whether DMA concentrations were correlated with the extent of protein
breakdown because we did not measure nitrogen balance or other indices of protein
catabolism.

It is also important to note that urine nitrate concentrations only roughly estimate systemic
NO production (48). We were unable to determine which of the nitric oxide synthase
isoforms were most active in our septic patients, and whether they may have been affected
differently by altered concentrations of arginine and its metabolites. In addition, the urine
nitrate measurements were performed post-hoc, so these findings serve only to generate
hypotheses and require further study.

Finally, because we chose a relatively healthy control group, we cannot rule out the
possibility that our findings are applicable to non-septic critically ill subjects. This healthy
control group was necessary to establish expected ranges of arginine metabolites in subjects
with age and gender distributions similar to our severe sepsis patients. The possibility that
the Arg/DMA ratio is a useful predictor of illness severity and outcomes in non-septic
critically ill patients warrants additional study.

CONCLUSIONS

The Arg/DMA ratio is reduced in severe sepsis and associated with illness severity. A low
Arg/DMA ratio independently predicts higher hospital mortality and lower 6-month
survival. Novel interventions that augment systemic arginine availability but do not require
arginine supplementation should be studied in severe sepsis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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l 430 ICU patients with suspected severe sepsis |

|

l 151 patients did not meet diagnostic criteria l

I 279 patients with severe sepsis ‘

|

Lahoratory staff not available to process specimens in 48 patients

122 patients with one or more exclusion criteria:
*Code status limitations: 37 (30%)

sUnable to obtain consent: 39 (32%)

*Refusal by patient or surrogate: 12 (10%)
sHistory of severe cardiomyopathy: 28(23%)
*Chronic dialysis dependent renal failure: 29(24%)
— eHistory of transplantation: 24 (20%)

eHistory of advanced liver disease: 5({4%)
*Organicnitrate therapy: 37(30%)
sCurrentactive bleeding: 11 (9%)

*Severe anemia: 19(16%)

*Pregnancy or HRT: 8(6%)

*> 48 hourssince diagnosis: 25(20%)

| 109 severe sepsis patientsenrolled |

Figure 1.

Enrollment algorithm for severe sepsis / septic shock patients. Definitions: Code status
limitations = patients with directives precluding common interventions used in the
management of critically ill severe sepsis patients (e.g., mechanical ventilation or
vasopressor agents). Patients were not excluded if their only specified directive was against
electrical countershock or CPR; unable to obtain consent = inability to obtain written
informed consent from patient or surrogate within 48 hours of diagnosis; severe
cardiomyopathy = history of cardiomyopathy with left ventricular ejection fraction < 30%;
transplantation = hematopoietic stem cell or solid organ transplantation; history of advanced
liver disease = Child-Pugh grade C; severe anemia = hematocrit < 22% or < 25% while
receiving vasopressor infusions; HRT = estrogen or testosterone hormone replacement
therapy; > 48 hours since diagnosis = greater than 48 hours from when the patient first met
diagnostic criteria for severe sepsis to screening for study enrollment.
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p=0.004

— &

Non-survivors (n = 31) Survivors (n =78)

Arg/DMA ratio in severe sepsis patients vs. control subjects (A) and severe sepsis non-
survivors vs. survivors (B). Box plots the median (horizontal line), 25! and 75t percentiles
(lower and upper limits of the box). The dots represent outliers beyond the whiskers that
designate the 10t and 90t percentiles. Comparisons made with the Wilcoxon rank-sum test.

Crit Care Med. Author manuscript; available in PMC 2012 June 1.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

Gough et al.

Page 14

—O— Quartile 1 (Arg / DMA > 50)

1.00 1 —-8—- Quartile 2 (Arg / DMA < 50 & > 34)
4 ---4-= Quartile 3 (Arg / DMA < 34 & > 24)
} + Quartile 4 (Arg / DMA < 24)
|
= & &
> Ao o ————y
E ‘| a4 R |
0754 i 4, - .
=] i
(7] ‘|l_ Lmmmmm i
© A i
i T
.‘Z‘ ————— A——-—-—I
= Y A
K] x |
T 0.50 - A
< O - tviniuini
o
S
o
Log rank test p = 0.003
0.25 T T T T 1
0 50 100 150 200

Time (days from diagnosis)

Figure 3.

Kaplan-Meier survival probability plot for quartiles of Arg/DMA ratio in the 6 months after
severe sepsis diagnosis. There were no subjects lost to follow-up. Quartile 1 (Arg / DMA >
50) = open circles; quartile 2 (Arg / DMA < 50 & > 34) = closed circles; quartile 3 (Arg /
DMA < 34 & > 24) = open triangles; quartile 4 (Arg / DMA < 24) = closed triangles.
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Figure 4.

Arg/DMA in non-survivors and survivors at Measurement 1 (M1) and Measurement 2 (M2).
Samples for M1 were obtained 30 (20 — 39) hours after diagnosis and samples for M2 were
obtained 67 (48 — 72) hours after M1 and 90 (79 — 110) hours after diagnosis. This figure
excludes patients without paired M1 and M2 measurements. Box plots the median
(horizontal line), 25t and 75t percentiles (lower and upper limits of the box). The dots
represent outliers beyond the whiskers that designate the 10t and 90t percentiles. Paired
comparisons between M1 and M2 made with the Wilcoxon matched-pairs signed-ranks test.
Comparisons between non-survivors and survivors at each time point were made with the
Wilcoxon rank-sum test.

Crit Care Med. Author manuscript; available in PMC 2012 June 1.



Page 16

Gough et al.

NIH-PA Author Manuscript

- (%6T) 9 (%eT) 0T - (%ST) 9T - el9)eq — Welo
- (%6€) 2T (%82) ¢z - (%1¢) ve - el19)oeq + Weo
LS00 adAy uonoayu|
- (%0) 0 (%2) 2 - (%2) 2 - wea.spoolq
- (%e) T (%9) ¥ - (%v) 5 - J81ayeo /unis
- (%01) € (%8) 9 - (%8) 6 - SCThTe}
- (%0T1) € (%eT) 0T - (%zT) €1 - Areuun
- (%ET) ¥ (%8T1) ¥T - (%91) 8T - [eulwopge-e.ju]

- (%v9) 02 (%vS) zv - (%.8) 29 - Areuow|ng
¥8'0 uonoayu| JO aUS
- (%Sy) vT (%02) 9T - (%82) 55 - vz
- (%62) 6 (%712) 9T - (%e2) Se - €
- (%22) L (%9¢) 82 - (%ze) ae - 4
- (%e) T (%€2) 8T - (%.1) 6T - T
2000 q suebio [euonounysig
7000 > (6% 1€ (L9 ee - (69 v - 81035 || JHOVAV

(%18) 52 (%v6) €L - (%06) 86 - juaned [ealpsN
£70°0 (%6T) 9 (%9) § - (%0T1) 1T - jwaired [eoifing
1000 (9z-¢m)8T (9T-80)TT 71000> (T2-60)€T (80-9°0)20 (Ip/Bw) surunessy
500 (8-2v (smse 100°0> (o1 € (1-0)0 8409s UOS|JeyD
5000 (%¥8) 9¢ (%59) £ 100°0> (%€9) 69 (%02) 0T uoIsusadAH Jo AloisiH

(%9) ¢ 0 - (we) ¢ (%0) 0 ourye oluedsiH
0 (%1) T - (%1 T (%0) 0 uelsy

(%971) & (%sT1) 2T - (%91) LT (%9) € UEDLISWY — UedLY

(%L0) ve (%€8) 59 - (%¢8) 68 (%v6) Lv uelseaney
v1°0 120 aoey
880 (%83) 1€/8T (%99) 827y 2v'0  (%L9) 60T/29  (%08) 0S/5C X9 3[elN

1000>  (€8-19) 2L (69-6v) .5 €20 (62-19)29  (99-¢€9) 6 aby
d mho>ﬁ_w,mwm.vcoz mhmw\m_wm de d m_mmwmﬁwuhMW,mw m_A%k_muﬂ%o
e S198[gns Apnis JO Sa1ISLIBIdRIRYD [RIIUID
T3alqelL

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Crit Care Med. Author manuscript; available in PMC 2012 June 1.



Page 17

Gough et al.

abuajfeyod pinyy anidsap sinoy € < oy passisiad reyy aduapuadap Jossaldosen Jo uoisusiodAy = xoo:mu

(aunjaseq woly asea1d9p 9,05 < 10 000‘08 > Junod 19are|d) a1Bojoreway ‘(ueblo feuonounysAp Ajuo are sbunj JI 00z > 10 ‘0GZ > onel 4:d) Alojedidsal :(sasned Jay10 INOYIIM SNIels [elusLl palalje)
2160j01nau ‘(uo1renasnsal pinyy a)dsap anoy/Bx/Jw 0 > INdino suin) jeuals {(T7/j0WW g < UOIIeAUSIUO0D 3ye)de| ewse|d pue SISOpIde d1jogelsw) aseq-pioe ‘(uoisnyiadodAy Jo 8auapIAa [edalul|d Jo yuawaiinbal
Jossaidosen ‘[BH ww 09 > ainssaid [elsslre ueaw 4o BH ww 06 > ainssaid poo|q 21101sAs] uoisusiodAy) Jejnaseaolpaed :Buipnioul ‘uonedtipow ybifs ynm (617) Ajsnoiasid pauiyap se suonaunysAp %QOQ

(as ¥) uesw Jo ‘(abejuaaiad) Jaqunu ‘(sBuel aj1uenbislul) ueIPSW BIe mm:_m>m

SIOAIAINS-UOU
[endsoy = SIOAIAINS-UOU ‘SIOAIAINS [BNASOY = SIOAIAINS ‘(TZ) |1 UoIEN|eAs Yyjeay d1uoiyd pue ABojoisAyd ainoe = || JHOVAY (£2) Xapul ANpIGIOWod Uos|ieyD = 2109s UOS|IBYD :SUOITRIA3IGQR JO Uonuled

1000 > (%.6) 0€ (9%09) Lv - (%12) 1L - asn Jossaidosep
100 (9646) 0€ (%62) 09 - (96¢8) 06 - o 10us ondss
v9'0 (%6€) 2T (%€2) 81 - (%zv) 9y - +aInmnd poojg

- (%ze) 0T (%€2) 8T - (%92) 8¢ - 1o
- (%01) € (9%9¢) 82 - (%82) 1€ - umouxun
d &o>ﬁ_w,mﬂm.vcoz &mw\m_ww_ wm d m_m%mﬂmwm_m m_n%\_muwﬂvo

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

PMC 2012 June 1.

in

available

Crit Care Med. Author manuscript



Page 18

Gough et al.

‘olleJ WYINQ/BIW 8y} Jo uoe|ndfed aioyaq
1e[OWO0JOIW 0} PALIBAUOD 3J8M SUOITRIIUBIUOD BululBIe|AYIBW pUE ‘JejoWoUBU 8. SUOITRUBIU0D SUlUIBIe|AYIBW IB|oWOIDIW B1e SUONRIUIIU0D PIoe oulwy *(sBues ajiienbisut) ueipaw o) Jayal sanfeA,,

ZsT'0 (96'T-06'0) 0L'T (8T'2-LTT)LST  €STO (80C2-TTT) ST (98T-85T)2LT wo/Biy
0£0°0 (7' T-0.0) G560 (€ST-680)60T 0.0 (8v'T-98°0) ¥0'T (LT'T-86'0)S0'T (wo+no)/bay
000 (ce-61) L2 (25 -92) 68 1000 > (87 - +2) ¥ (1T -58) 56 VINQ/Biy
100'0> (0GST - £06) 08TT (¥86 —228) 62, 1000 > (002t - 6¥5) 28 (S6v — LL€) 2y VINAQS
¥20°0 (z08 - 80v) 855 (ySG-28€) 09y 2500 (679 — GS5€) 89Y (SLv - g6€) 22y vINQVY
L0v°0 (0L-T12) €€ (6% - 02) 82 1000 > (67 - 12) 62 (09 -6¢€) Ly auIyNuIO
YET'0 (6T-2) 2T (wT-2) 01 1000 > (sT-20t1 (9e -¥2) 2 aulfnmo
6TL°0 (TL-9¢) 67 (¥9 - v¢) 8y 1000 > (79 - v¢) 8y (L6-€L) 18 aulubay

anfead  (T€=u) s1oAIMINs-UON  (8/=u) sdoAlnung  anjead  (g0T=u) swuaned sisdas  (pg=u) s10algns joa3u0d a|qereA
SI0AIAINS-UOU "SA SIOAIAINS [eyidsoy ‘sisdas auanas $103[gns s1sdas a1aAss ‘S §398[Qns [041U0D

e SOIRJ A11]1GR[I_AROI] PUE S31Ij0qRIBW BuIuIblY

¢?olqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Crit Care Med. Author manuscript; available in PMC 2012 June 1.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Gough et al. Page 19

Table 3

Multivariable analyses evaluating role of Arg/DMA ratio in predicting sepsis and outcomes

Association between Arg/DMA ratio and severe sepsis

Dependent variable Independent variables & OR (95% CI) D p value
Severe sepsis Arg/DMA ratio 5.91 (2.45-14.26) <0.001
Charlson score 3.46 (1.64 — 7.30) 0.001

Creatinine concentration ~ 1.72 (0.87 — 3.38) 0.118

Association between Arg/DMA ratio and hospital mortality

Dependent variable Independent variables © OR (95% CI) D p value
Hospital mortality Arg/DMA ratio 1.63 (1.00 - 2.65) 0.048
Age 1.57 (1.01-2.44)  0.046

Creatinine concentration ~ 1.58 (1.00 — 2.48) 0.049
Association between Arg/DMA ratio and risk of death over 6 months

Dependent variable Independent variables 9 HR (95% CI) p value

6 — month mortality risk Arg/DMA ratio 1.41(1.01-197)b 0043

History of hypertension ~ 3.91 (1.51 -10.14)  0.005
Creatinine concentration 1 25 (0.90-1.67)0  0.198

Definition of abbreviations: Arg/DMA ratio = Arginine/(asymmetric + symmetric dimethylarginine); OR = odds ratio; Cl = confidence interval;
HR = hazard ratio.

aThe initial model also included presence or absence or pre-existing hypertension, removed without significant deterioration in model fit as
described in Methods.

b . . . . .
These odds ratios and hazard ratios refer to a one quartile change in the value of the covariate.

The initial model also included Charlson comorbidity score and presence or absence or pre-existing hypertension. Both were removed without
significant deterioration in model fit as described in Methods.

The initial model also included age and Charlson comorbidity score. Both were removed without significant deterioration in model fit as
described in Methods.
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