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Abstract

Objective and design Resistin and neutrophil gelatinase-

associated lipocalin (NGAL) are upregulated in circulating

leucocytes in sepsis, but the significance of this is uncer-

tain. We evaluated associations between Resistin and

NGAL with endothelial cell activation and clinical out-

comes in a prospective observational study in the

Emergency Department (ED).

Methods Serum levels of Resistin, NGAL, inflammatory

cytokines (IL-6, IL-10) and soluble endothelial adhesion

molecules (VCAM-1, ICAM-1) were measured at defined

time points up to 24 h. Patterns and relationships between

markers were investigated using linear mixed regression

models. Predictive values for clinical outcomes for markers

at enrollment were assessed by logistic regression and

receiver operator characteristic (ROC) curves.

Results 186 participants (89 septic-shock, 69 sepsis, 28

uncomplicated infection) were compared with 29 healthy

controls. Median Resistin and NGAL were higher in

uncomplicated infection compared to controls, and in

septic shock compared to non-shock sepsis. Resistin and

NGAL correlated with IL-6 and IL-10, with VCAM-1 and

ICAM-1, and with organ failure. Resistin and NGAL were

associated with septic shock but had limited predictive

utility for mortality.

Conclusion Resistin and NGAL correlate with expression

of endothelial cell adhesion molecules in sepsis. Further

evaluation of the role of Resistin and NGAL in sepsis

pathogenesis is warranted.
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Introduction

Sepsis is defined as life-threatening organ dysfunction

caused by a dysregulated host response to infection [1],

involving pro- and anti- inflammatory components of the

host innate immune system [2]. The vascular endothelium

plays a central role in the pathogenesis of sepsis;

endothelial cells are activated by circulating microbial or

host-derived agonists, resulting in recruitment and trans-

migration of leucocytes, micro-thrombus formation, fluid

extravasation and vasomotor changes, all of which can

adversely affect organ function in the setting of critical

illness [3, 4]. Markers of endothelial cell activation mea-

sured on admission are associated with illness severity and

mortality in sepsis [5].

The pro-inflammatory adipokine resistin has been

observed to be elevated during sepsis in the ICU [6, 7], and

has been studied as a potential indicator of sepsis in neo-

nates [8]. Resistin was first identified in mouse adipocytes,

and is implicated in the pathogenesis of diabetes [9, 10]. In

humans, resistin is principally produced by macrophages

and neutrophils [11], and its ability to activate endothelial

cells is thought to play a role in the pathogenesis of

atherosclerosis [12, 13], likely mediated via toll-like

receptor signaling pathways [4].

In a previous study we demonstrated that resistin and

NGAL are upregulated in circulating leucocytes in ED

patients with sepsis [14]. Importantly there was corre-

sponding sustained correlation of serum levels with illness

severity over the subsequent 24 h, making these molecules

of potential clinical interest. NGAL has been most exten-

sively studied as an early marker of acute kidney injury in a

range of critical illnesses, including sepsis [15].We postulate

that Resistin and NGAL play a role in sepsis pathogenesis by

promoting neutrophil-endothelial cell adhesion. Previous

investigators have demonstrated Resistin-induced expres-

sion of the leucocyte adhesion molecules ICAM-1 and

VCAM-1 in endothelial cells in vitro [16]. In vivo, these

receptors are cleaved and released into the circulation in a

soluble form that may be assayed as an indirect measure of

endothelial activation [17]. The role of Resistin and NGAL

as possible mediators of endothelial activation in clinical

sepsis has not previously been studied.

The aims of the present investigation were to validate

our previous findings of correlations between Resistin and

NGAL and illness severity in sepsis; to explore relation-

ships between resistin and NGAL, and biomarkers of

systemic inflammatory responses and endothelial cell

activation, specifically VCAM-1 and ICAM-1; and to

investigate the relationship with clinical outcome including

mortality.

Materials and methods

Design and setting

The Critical Illness and Shock Study (CISS) is an obser-

vational dataset of ED patients with a range of acute

critical illnesses recruited at Royal Perth and Armadale-

Kelmscott Hospitals, Perth, Australia. Details of the CISS

methodology have previously been described [18]. In brief,

patients meeting physiologic criteria for shock or organ

failure undergo real-time data collection and serial research

blood sampling over the initial 24 h, and are then followed

for clinical outcomes. Recruitment is restricted to research

nurse duty hours (0700–2100, up to 7 days of the week)

necessitating convenience sampling.

Ethical approval and consent

Full ethical approval was obtained from the relevant

institutional research committees. Written informed con-

sent was obtained from participants or from next-of kin.

Where prospective consent could not be obtained, provi-

sion for initial waiver of consent was granted under the

terms of paragraph 2.3.6 of the Australian National Health

and Medical Research Council guidelines for ethical con-

duct of research. All procedures performed in studies

involving human participants were in accordance with the

ethical standards of the institutional research ethics com-

mittee and with the 1964 Helsinki Declaration and its later

amendments or comparable ethical standards.

Participants

Patients recruited into CISS between March 2010 and July

2013, and who met criteria for sepsis according to the

Surviving Sepsis campaign definitions [19] when in the ED

were enrolled. We excluded patients transferred from other

hospitals and for whom there were inadequate research

blood samples for analysis. Sepsis cases were further

classified as uncomplicated sepsis (SOFA score\ 2 and no

requirement for organ support), severe sepsis (SOFA

score C 2 and/or elevated serum lactate) and septic shock

(persistent hypotension despite fluid resuscitation),

according to SSC definitions. These three categories

broadly correspond to the recently revised sepsis defini-

tions as infection, sepsis and septic shock [1]. Therefore,

the updated terminology will be utilized henceforth. This

classification was undertaken without knowledge of the

results of biomarker assays. A cohort of healthy subjects

stratified for age and sex and with blood sampled at a single

time point, served as a control group.
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Clinical data collection

Data were collected on admission for baseline demo-

graphics, vital signs, investigations, interventions and

suspected source of sepsis. Illness severity was estimated

using the SOFA score [20], and comorbid disease burden

by the CCS [21]. Follow-up data included results of

microbial cultures, disposition from ED, ICU/hospital

duration of stay and discharge diagnosis.

Blood sampling and sample storage

Blood samples (serum and plasma) were collected upon

enrolment in the ED when inclusion criteria were met (T0)

and at 1–2 h (T1), 3–6 h (T3) and 12–24 h (T24) subse-

quently. These were immediately centrifuged and the

supernatant divided into 0.25 ml aliquots prior to storage at

-80 �C for subsequent batch analysis.

Laboratory methods

Serum concentrations of Resistin and NGAL were mea-

sured using commercial ELISA kits (R&D Systems,

Minneapolis, MN, USA). We measured two inflammatory

cytokines, IL-6 and IL-10, and two soluble markers of

endothelial cell activation, VCAM-1 and ICAM-1 by

Cytometric Bead Array Flex Sets as described previously

[22].

Outcomes and statistical methods

The clinical outcomes of interest were septic shock diag-

nosis, and mortality within 30 days of enrolment. We also

compared levels of biomarkers between sepsis severity

groups, and relationships with inflammatory cytokines and

endothelial activation at baseline and over time. Continu-

ous data are presented as median and interquartile range or

as mean ± SD. Comparisons between groups (including

the control group) at T0 were analysed using the Kruskal–

Wallis test and where significant, pairwise comparisons

were performed using Wilcoxon rank-sum (Mann–Whit-

ney) test.

Relationships between markers over time in the sepsis

groups were explored using an interaction of time and

group in linear mixed models and, when values were

censored due to assay limits, random effects Tobit

regression. These regression techniques employ maximum

likelihood estimation, which retains patients with incom-

plete data in the analysis, therefore producing unbiased

estimates when missing data are missing at random. Bio-

marker outcomes were log-transformed and where

distributions remained slightly skewed, bootstrapping was

employed to obtain robust standard errors and p values.

Relationships between Resistin and NGAL and the

inflammatory and endothelial cell markers over the sub-

sequent 24 h were examined using the interaction Resistin/

NGAL and time in the model. Potential non-linearity was

investigated using scatter plots with linear and LOWESS

fits at each time point. There were a small number of

patients with missing data due to death prior to 24 h post

presentation. A sensitivity analysis was performed

excluding these patients from the sample to assess their

influence on the results.

The relationships between biomarker value at presen-

tation and the outcomes of septic shock diagnosis and

mortality were evaluated by logistic regression models

incorporating biomarker results along with age, sex and

CCS as predictor variables using a backward stepwise

approach, and by the ROC AUC. Goodness of fit was

assessed using the Hosmer–Lemeshow test and the optimal

model selected using Akaike’s Information Criterion. To

account for any bias associated with clinical decisions to

limit goals of care, the mortality analysis was repeated for

the subgroup admitted to ICU.

All analyses were performed using Stata 14 (College

Station, TX, USA) and significance was concluded if

p\ 0.05. Given the exploratory nature of the study, no

corrections were applied for multiple testing.

Results

Clinical outcomes

During the study period, 240 patients met enrolment cri-

teria. We excluded 27 who were participants in a

previously reported study [14] and for a further 27, blood

samples were either missing or unsuitable for analysis

giving a total of 186 participants. Of these, 28 had

uncomplicated infection, 69 had sepsis and 89 met criteria

for septic shock. In total 35 (19%) died within 30 days.

Baseline participant characteristics are shown in Table 1.

The most frequent clinical source of infection was respi-

ratory tract, followed by urinary tract and skin/soft tissue.

Causative organisms were isolated in 98 (41 with positive

blood cultures) with approximately equal numbers of

gram-positive and gram-negative organisms. Finally we

analysed blood samples from 29 healthy controls.

Biomarker measurements

Figure 1 shows boxplots for the various biomarkers across

the three patient groups at T0 compared to controls. Table 2

contains between group comparisons within each time point,

as well as the results of the interaction of group and time

derived from the random effects models (see below). At T0,
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median serum levels of Resistin were significantly higher in

uncomplicated infection compared to controls (45 vs 11 ng/

ml, p\ 0.001) and in septic shock compared to non-shock

sepsis (121 vs. 67 ng/ml, p\ 0.001). Median NGAL con-

centration was also significantly higher in infection

compared to controls (173 vs. 49 ng/ml, p\ 0.001) and in

septic shock compared to sepsis (552 vs. 289 ng/ml,

p\ 0.001). Both IL-6 and IL-10 were significantly higher in

infection than controls (p\ 0.001 for both), and higher in

septic shock than in sepsis or infection. In contrast there was

no significant difference in VCAM-1 or ICAM-1 level

between infection and controls; however, both thesemarkers

were significantly higher in septic shock compared to sepsis

and infection at T0. No significant differences were seen at

T0 for IL-6, IL-10, VCAM-1 or ICAM-1 between sepsis and

uncomplicated infection.

Patterns of biomarkers over time

Figure 2 depicts the pattern of each marker over time

across the three patient groups derived from the random

effects models summarized in Table 2. For both Resistin

and NGAL, there was no significant change over time in

the sepsis and septic shock groups. In the uncomplicated

infection group there was a significant increase between T3

and T24, such that there was no difference between

infection and sepsis at 24 h.

IL-6 showed a significant decline from T0 to T24 in all

three patient groups, but with no significant difference in

Table 1 Participant details

Controls Infection Sepsis Septic shock

N 29 28 69 89

Age 69 (56, 75) 59 (44, 72) 71 (55, 78) 67 (51, 76)

Male Sex N (%) 19 (65) 16 (57) 47 (68) 56 (63)

Temp (oC) 38.5 ± 0.9 38.0 ± 1.3 37.4 ± 1.7

HR (beats/min) 113 ± 14 112 ± 23 113 ± 24

RR (breaths/min) 26 ± 7 31 ± 7 28 ± 8

SBP (mmHg) 109 ± 13 118 ± 22 81 ± 9

GCS 15 (15, 15) 15 (14, 15) 15 (14, 15)

Lactate (mmol/L) 1.6 ± 0.7 2.6 ± 1.8 4.1 ± 4.0

MEDS score 4 (3, 6) 7 (5,10) 11 (8, 13)

SOFA score 1 (0, 1) 3 (2, 5) 6 (5, 9)

CCS 1 (0, 3) 3 (2, 4) 2 (1, 4)

LOS (days) 5 (2, 13) 7 (4, 13) 7 (4, 15)

ICU Admit N (%) 1 (3) 16 (23) 63 (71)

Died 30 days N (%) 0 10 (16) 25 (27)

Unless stated figures are mean ± SD or median (Q1, Q3)

HR heart rate, RR respiratory rate, SBP systolic blood pressure, GCS Glasgow coma score, MEDS mortality in emergency department sepsis,

SOFA sequential organ failure assessment, CCS Charlson comorbidity score, ICU intensive care unit

Fig. 1 Boxplots for biomarkers at T0 by patient subgroup, and

healthy controls. IL-6 and IL-10 log-transformed variable. See also

Table 2 and text
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the rate of this decline in the sepsis and septic shock

groups compared to infection (p = 0.55 and 0.88,

respectively). For IL-10, there were also significant

declines between T0 and T24; again this did not differ

significantly between the groups. At 24 h IL-10 remained

higher in the septic shock group, but for IL-6 there was no

difference between the groups. ICAM-1 and VCAM-1 did

not vary significantly over time in any of the patient

groups. A sensitivity analysis excluding 13 patients who

died before 24 h, 12 of which were in the septic shock

category, did not yield any substantial change in the

results.

Relationships between markers

The relationships between Resistin and NGAL and the

other biomarkers at each of the four sampling time points

were investigated using random effects models (See Online

Resource 1, Supplementary Figs. 1 and 2.pdf and Online

Resource 2, Supplementary Tables 1 and 2.pdf). There was

a significant positive association between Resistin and both

IL-6 and at T0 (p\ 0.001 for both), which did not sig-

nificantly differ at T1 and T3, but declined significantly by

T24. For the endothelial adhesion molecules, Resistin was

significantly associated with VCAM-1 at T0 (p = 0.007),

Table 2 Biomarkers between patient groups at each time point. P values determined from random effects linear or Tobit regression models of

log-transformed biomarkers

Infection Sepsis Septic shock P4 P5 P6

N Median (IQR) P1 N Median (IQR) P2 N Median (IQR) P3

Resistin (ng/ml)

T0 28 45 (25, 64) 69 67 (34, 111) 88 121 (58, 246) 0.007 \0.001 \0.001

T1 26 47 (23, 67) 0.83 68 69 (36, 110) 0.93 84 132 (54, 234) 0.92 0.008 \0.001 \0.001

T3 24 49 (33, 68) 0.16 51 75 (34, 149) 0.77 70 116 (54, 228) 0.6 0.005 \0.001 0.004

T24 22 73 (31, 133) \0.001 44 80 (39, 119) 0.001 50 120 (60, 246) 0.001 0.39 0.001 0.001

NGAL (ng/ml)

T0 28 173 (92, 265) 68 289 (148, 500) 87 552 (261, 1080) \0.001 \0.001 \0.001

T1 26 146 (84, 251) 0.62 68 263 (146, 452) 0.59 84 454 (264, 1020) 0.31 0.001 \0.001 \0.001

T3 24 151 (80, 273) 0.41 51 291 (148, 537) 0.7 70 477 (262, 1119) 0.53 0.001 \0.001 \0.001

T24 22 264 (116, 371) \0.001 44 300 (177, 458) \0.001 50 451 (255, 967) \0.001 0.28 0.001 0.002

IL-6 (pg/ml)

T0 28 435 (127, 1128) 69 381 (121, 1387) 88 2589 (190, 11,081) 0.92 0.005 \0.001

T1 26 382 (125, 618) 0.13 68 320 (89, 1077) 0.52 84 1610 (167, 8140) 0.93 0.90 0.004 \0.001

T3 24 386 (90, 615) 0.004 51 215 (79, 818) 0.47 70 1613 (152, 13,173) 0.58 0.74 0.001 \0.001

T24 22 91 (42, 299) \0.001 44 78 (42, 217) 0.55 50 202 (66, 2981) 0.88 0.45 0.007 0.017

IL-10 (pg/ml)

T0 28 21 (8, 41) 69 23 (11, 93) 88 36 (15, 295) 0.18 0.004 0.008

T1 26 17 (12, 86) 0.48 68 17 (12, 87) 0.24 84 30 (15, 280) 0.16 0.45 0.04 0.027

T3 24 16 (11, 18) 0.48 51 16 (11, 54) 0.32 70 33 (15, 216) 0.85 0.50 0.005 0.001

T24 22 10 (6, 15) 0.04 44 11 (6, 18) 0.54 50 14 (11, 30) 0.94 0.71 0.004 0.004

VCAM-1 (ng/ml)

T0 28 1472 (686, 2060) 69 1548 (866, 2552) 88 2009 (1346, 3567) 0.21 0.001 0.003

T1 26 1254 (789, 2222) 0.58 68 1577 (759, 2503) 0.45 84 1899 (1414, 3062) 0.11 0.40 0.012 0.021

T3 24 1208 (706, 1767) 0.52 51 1752 (862, 2290) 0.8 70 1879 (1248, 2807) 0.61 0.17 0.002 0.023

T24 22 1310 (887, 2045) 0.89 44 1395 (665, 2544) 0.28 50 2059 (1258, 3253) 0.68 0.54 0.002 0.001

ICAM-1 (ng/ml)

T0 28 428 (221, 696) 69 452 (229, 931) 88 557 (326, 877) 0.74 0.045 0.017

T1 26 412 (189, 688) 0.89 68 434 (188, 839) 0.86 84 537 (335, 964) 0.48 0.68 0.099 0.08

T3 24 344 (159, 709) 0.2 51 526 (257, 910) 0.35 70 510 (296, 884) 0.73 0.42 0.032 0.063

T24 22 361 (224, 961) 0.64 44 543 (211, 1003) 0.92 50 572 (353, 1071) 0.52 0.79 0.022 0.005

P1 change over time in infection, P2 difference in change over time in sepsis compared to infection, P3 difference in change over time in septic

shock compared to infection, P4 sepsis v infection within time point, P5 septic shock v infection within time point, P6 septic shock v sepsis

within time point. See also Fig. 2
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and this did not vary over time, while an association with

ICAM-1 (p = 0.011 at T0) was significantly closer to zero

at T3, but otherwise did not vary over time. NGAL showed

significant relationships with IL-6 and IL-10 at T0

(p = 0.046 and 0.001, respectively), which did not change

over time. There was also a significant association between

NGAL and VCAM-1 at T0 (p = 0.011), which did not

vary over time. The association between NGAL and

ICAM-1 at T0 did not reach statistical significance

(p = 0.065), and similarly this did not significantly alter

over time.

Relationships between biomarkers and clinical

outcomes

Table 3 shows the association between each of the six

biomarkers measured on admission (T0) and lactate as

predictors of septic shock and 30 day mortality. Both

Resistin and NGAL showed significant correlation with

SOFA score (Spearman’s rho 0.41, p\ 0.001 and 0.51,

p\ 0.001, respectively). SOFA score was included in the

analysis for mortality as a comparison measure but not for

septic shock, to avoid incorporation bias. None of the

biomarkers alone showed good predictive characteristics

when assessed by ROC AUC. NGAL was superior to lac-

tate for diagnosis of septic shock (AUC 0.74 vs. 0.63,

p = 0.035). In contrast lactate was superior to Resistin for

predicting mortality among the subgroup of patients

admitted to ICU only (AUC 0.87 vs. 0.73, p = 0.034). For

Septic Shock, Resistin, VCAM-1 and lactate provided the

optimal model with AUC 0.76 (0.69–0.82), while for

mortality this comprised NGAL, lactate, CCS and age, with

AUC 0.80 (0.73–0.85). Models containing both Resistin

and NGAL were not superior to models with these markers

alone due to co-linearity. Details of these models are

shown (Online Resource 3, Supplementary Appendix.pdf).

Discussion

In this exploratory observational study we confirmed pre-

vious findings that Resistin and NGAL are associated with

illness severity and clinical outcome in sepsis. In addition

both are significantly elevated in septic shock compared to

uncomplicated infection at 24 h from admission. The rea-

son for a rise in both Resistin and NGAL by 24 h in the

uncomplicated infection group is not clear, and is not

explained by missing data. In contrast, the inflammatory

markers IL-6 and IL-10, while showing similar associa-

tions on presentation, were significantly attenuated by

24 h. Our hypothesis about a relationship between Resistin

and NGAL with expression of the endothelial cell adhesion

molecules VCAM-1 and ICAM-1 is supported by our data;

however, neither of these molecules was found to have a

strong association with outcome in this study.

The role of NGAL as a marker of acute kidney injury,

and as a prognostic indicator in sepsis has been the subject

of significant previous research [15]. Our results are similar

to Shapiro et al. who found NGAL to have a ROC AUC of

0.75 (0.68–0.82) for in-hospital mortality in sepsis [23].

Fig. 2 Biomarkers over time.

Predicted values for each patient

subgroup at T0, T1 and T3 and

T24 from Tobit regression

models (see text)
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Resistin, an adipokine hormone with possible pathogenic

roles in diabetes and obesity has been the subject of only

limited study in sepsis [11–13]. Our previous finding of

increased expression of Resistin and NGAL, by circulating

leucocytes in sepsis [14], coupled with evidence for

interaction between Resistin and endothelial cells in the

pathogenesis of vascular disease [9], led us to postulate that

both these molecules mediate leucocyte-endothelial cell

signaling and therefore play a pathogenic role in the

development of septic shock.

Resistin and NGAL both significantly correlated with

inflammation. IL-6 and IL-10 are cytokine markers of

severity of the inflammatory response. Our results confirm

significantly higher levels of both IL-6 and IL-10 in

patients with infection compared to healthy controls;

however, there was limited association with sepsis severity

and prognosis. While median values of both cytokines at

presentation were higher in the septic shock group, there

was large variability, and levels attenuated significantly

within 24 h. Other investigators have shown limited utility

for both IL-6 and IL-10 to predict mortality in sepsis

[24, 25].

We found associations between Resistin/NGAL and the

endothelial markers ICAM-1 and VCAM-1. While these

soluble endothelial adhesion molecules were associated

with severity of illness, they had no relationship with

mortality. Previous investigators have shown relationships

between increased expression of these markers and illness

severity/outcome in sepsis; however, the results of these

studies have been variable [26]. This may be due to dif-

ferent patient cohorts (post-operative versus community-

acquired sepsis) or clinical settings (ICU vs. ED). Shapiro

et al. found only moderate associations between ICAM-1/

VCAM-1 with illness severity and mortality in ED patients

[17]. Others have suggested a potential protective role for

shedding of endothelial adhesion molecules during sepsis

[27], with elevated ICAM -1 levels being associated with

better outcome in septic children [28]. Thus our findings

are not inconsistent with an effect of Resistin and/or NGAL

on the endothelium. Of note, while this work focused on

two specific leucocyte adhesion molecules, there are mul-

tiple markers of endothelial cell activation in sepsis,

reflecting the vast array of biological functions undertaken

by these cells [5, 26]. Analysis of alternative activation

markers may yield different associations with clinical

outcome.

The design of this study encompassed pragmatic, clini-

cally relevant enrollment criteria, data and sample

collection during the early phase of treatment in the ED,

and standardized outcome definitions. Biomarker analyses

were performed blinded to clinical data. However, non-

consecutive recruitment and incomplete blood sampling on

all subjects were limiting factors. To mitigate their influ-

ence, we employed statistical techniques robust to data

missing at random, and undertook a sensitivity analysis to

exclude deaths within the first 24 h, which did not alter the

results.

These findings have implications at both a basic science

and clinical level, confirming the role of the vascular

endothelium in sepsis pathogenesis [2, 3]. Further investi-

gation into the cellular mechanisms by which Resistin acts

is important for potential future therapeutic advances.

Resistin along with NGAL is also consistently associated

with sepsis severity and outcomes. Although, based upon

Table 3 Associations of biomarkers at T0, lactate and SOFA score with clinical outcomes

Septic shock

(All patients n = 186)

Mortality

(All patients n = 186)

Mortality

(ICU admitted patients n = 80)

Odds ratio

(95% CI)

p Value ROC AUC

(95%CI)

Odds ratio

(95% CI)

p Value ROC AUC

(95% CI)

Odds ratio

(95% CI)

p Value ROC AUC

(95% CI)

Resistin 2.54 (1.76–3.67) \0.001 0.72 (0.65–0.78) 1.97 (1.31–2.99) 0.001 0.69 (0.62–0.76) 2.01 (1.07–3.76) 0.03 0.73 (0.62–0.83)

NGAL 2.84 (1.92–4.20) \0.001 0.74 (0.67–0.80) 1.79 (1.18–2.71) 0.006 0.65 (0.57–0.72) 2.21 (1.14–4.26) 0.02 0.69 (0.57–0.78)

VCAM-

1

1.87 (1.28–2.73) 0.001 0.63 (0.56–0.70) 1.06 (0.68–1.64) 0.79 0.49 (0.42–0.56) 0.95 (0.50–1.79) 0.86 0.45 (0.34–0.57)

ICAM-

1

1.41 (0.96–1.77) 0.028 0.58 (0.50–0.65) 0.85 (0.58–1.23) 0.38 0.45 (0.37–0.52) 0.78 (0.45–1.34) 0.36 0.40 (0.30–0.52)

IL-6 1.28 (1.12–1.47) \0.001 0.65 (0.58–0.72) 1.12 (0.97–1.31) 0.12 0.56 (0.48–0.63) 1.36 (1.06–1.73) 0.015 0.71 (0.59–0.81)

IL-10 1.25 (1.07–1.47) 0.005 0.61 (0.54–0.68) 1.15 (0.98–1.36) 0.10 0.55 (0.48–0.63) 1.31 (1.03–1.69) 0.026 0.66 (0.54–0.76)

Lactate 1.97 (1.29–3.01) 0.002 0.63 (0.56–0.70) 3.30 (1.91–5.71) \0.001 0.73 (0.66–0.79) 8.50 (2.79–25.8) \0.001 0.87 (0.78–0.94)

SOFA _ _ _ 1.40 (1.22–1.59) \0.001 0.79 (0.71–0.87) 1.46 (1.18–1.80) \0.001 0.80 (0.70–0.88)

Odds ratios for biomarkers and lactate calculated on log-transformed variable. Thus estimates represent change in odds for an approximately 2.7-

fold increase in biomarker. Healthy controls not included in analyses
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our results, neither is sufficiently accurate alone for diag-

nosis or prognosis in sepsis, the fact that the signal appears

time-insensitive in the dynamic setting of acute sepsis

increases the attraction as potential tools for risk-stratifi-

cation, perhaps in combination with other biomarkers or

clinical parameters.

Conclusion

Resistin and NGAL are associated with illness severity in

sepsis and correlate with inflammatory response, and

expression of endothelial cell adhesion molecules VCAM-

1 and ICAM-1 Further evaluation of the role of Resistin

and NGAL in the pathogenesis of septic shock is

warranted.
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