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Abstract 
Objective: The causal role of the prototype alarmin high mobility group box 1 protein (HMGB1) in systemic 

inflammation and remote organ injury after trauma and shock is established in animal models but not in humans. Our 

aim was therefore to determine HMGB1 concentration kinetics with high time resolution during the first hours after 

trauma in individual patients, and investigate the association with outcome. 

Design: Prospective single-center observational study. 

Setting: University hospital Level I trauma center. 

Patients: Convenience recruitment of 136 trauma patients. 

Interventions: None. 

Measurements and Main Results: Total plasma HMGB1 levels were analyzed with ELISA in repeated samples. 

Relationships between predefined predictor variables and outcome were examined in multivariable linear regression 

models. Ventilator-free days was used as primary outcome measure. Two distinct HMGB1 release phases were 

identified. An initial exponential decay phase with half-life 26 min was not correlated with outcome. In contrast, a 

second HMGB1 wave peaking 3-6 hours after trauma in the most severely injured and physiologically deranged 

patients was consistently the most important predictor of outcome in our multivariable models, rendering all other 

predictor variables insignificant except for smaller contributions from age and sex, and of admission base excess for 

maximal creatinine concentration. 

Conclusions: HMGB1 was released in two consecutive phases. Only the second HMGB1 wave was a significant 

predictor of outcome. Patients with a high HMGB1 concentration between 3 and 6 hours after trauma might 

hypothetically benefit from HMGB1-specific antagonist therapy. 

Key Words: wounds and injuries; systemic inflammatory response syndrome; multiple organ failure; alarmins; 

HMGB1 protein; prognosis 
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Introduction 
 Severe trauma may be lethal even if patients survive initial treatment. Ruptured, leaky or injured cells release 

preformed endogenous danger signals, called alarmins or damage-associated molecular pattern molecules (DAMPs), 

which activate the innate immune system (1, 2). An overwhelming systemic inflammatory response may ensue, with 

remote organ injury and predisposition to invasive infections (3). Causal therapy is still lacking. 

 The prototypical alarmin high mobility group box 1 protein (HMGB1) is an evolutionary ancient DNA-binding 

protein present in all eukaryotic cells and in platelets (2, 4-7). In the nucleus, HMGB1 organizes DNA and nucleosomes 

and regulates gene transcription. HMGB1 is passively released from dying cells, or actively secreted from stressed or 

activated cells (5). Extracellular HMGB1 serves as a powerful mediator of inflammation, directing chemokine, 

cytokine, neuroimmune, or metabolic activities (2, 8-12). Its two dominant receptors are toll-like receptor 4 (TLR4) (5, 

8, 9) and receptor for advanced glycation end products (RAGE) (10, 13). 

 Human and rodent HMGB1 have 99% protein sequence identity (4), strengthening the translational value of 

experimental models. Experimental work in rodents has established a central role for HMGB1 in systemic inflammation 

and remote organ injury after trauma, and administration of HMGB1 antagonists has proven beneficial (14-18). Trauma 

with hemorrhagic shock causes acute lung injury (ALI) via release of HMGB1 from gut epithelial cells, and mice 

selectively lacking HMGB1 in these cells are protected from developing ALI after trauma (18), as are TLR4 mutant 

mice (18, 19). Hemorrhagic shock-induced HMGB1 release also initiates RAGE-mediated endocytosis of HMGB1 in 

lung vascular endothelial cells (9), contributing to ALI. 

 HMGB1 antagonist-based therapy has not yet been studied clinically, and observational studies of quantitative 

and temporal aspects of HMGB1 release in trauma patients have yielded somewhat diverging results (20-23). We have 

therefore examined relationships between injury, plasma HMGB1 concentration kinetics, and outcome in detail in 

individual trauma patients with a broad range of injury severities, adjusting for confounders. Our hypothesis was that 

HMGB1 concentration as a function of time during the first hours after injury could predict outcome and provide a 

starting point for design of clinical studies with HMGB1 antagonists, in particular regarding time of therapeutic 

intervention. 
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Materials and Methods 

Study Design and Approval 

 This prospective observational study relied on convenience recruitment of trauma patients admitted January 

2011 through January 2014 to Oslo University Hospital (OUH) Ullevål, a Norwegian Level I trauma center. A wide 

spectrum of injuries and physiological derangements was strived for. All patients ≥18 years who met criteria for trauma 

team activation were eligible for enrollment. Patients with burn injuries and pregnant women were not included. 

Patients were followed until ten days, discharge from intensive care unit (ICU), or death, whichever came first. 

Reference HMGB1 values were obtained from 20 healthy volunteers. 

 We adhered to the STROBE statement for cohort studies (24). All parts of the study were approved by the 

Regional committee for medical and health research ethics (2010/2014 REK Sør-Øst D), in accordance with the 

Declaration of Helsinki. Patients were enrolled on admission, and written informed consent was obtained as soon as 

practically possible. A temporary written consent from the closest relative was obtained when patients were unable to 

consent. All material was destroyed if patients or relatives did not consent. 

 The Regional committee for medical and health research ethics approved the use of biological material from 

patients who died before consent could be obtained, and the use of written information with the possibility for 

withdrawal for patients who were transferred to other hospitals or discharged before consent could be obtained. All 

those patients were checked against the Norwegian national biological research reservation registry before final 

inclusion. 

Sample Collection and Analyses 

 Blood was drawn in K2EDTA coated tubes (Vacuette 454209, Greiner Bio-One International GmbH, Austria) 

immediately after admission, 2, 4, 6, and 8 h thereafter, and every morning in the ICU. Five patients had additional 

samples drawn during helicopter transfer. All sampling times were converted to elapsed time from injury. 

 Sampling through an arterial cannula was preferred in order to obtain blood that was not draining from any 

particular injured body part. Samples were drawn from a central venous line or from a peripheral vein if an arterial line 

was not present. Peripheral venous samples from healthy volunteers were handled according to the same protocol. The 

EDTA tubes were put directly in ice slush after 8-10 inversions, and within 15 min centrifuged at 2500 g for 15 min at 

4 °C. The supernatant was immediately transferred to sterile polypropylene tubes (NUNC CryoTubes; Thermo Fisher 

Scientific, Waltham, MA) and stored at −80 °C. Samples obtained during helicopter transfer were stored in an insulated 

bag with ice packs until admission. 
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 Plasma HMGB1 concentrations were determined with ELISA (HMGB1 ELISA Kit II, Shino-Test 

Corporation, Japan). Material from 12 pilot patients was analyzed separately, all other samples were analyzed in one 

batch. Values below the lower detection limit (LDL, 0.313 ng/mL) were set to LDL. Single sample analyses were 

deemed sufficient due to low intra-assay variability (25). All concentration measurements were conducted blinded to 

clinical information. 

Clinical Data 

 Clinical data were defined according to The Utstein trauma template (26) and collected from the OUH Trauma 

Registry. Anatomic injury was coded according to the Abbreviated Injury Scale (AIS) 1990 Revision Update 98 (27). 

New Injury Severity Score (NISS) was chosen as a measure of overall injury severity (28, 29) and admission base 

excess (BE) as a measure of physiological derangement (30). Patients transferred to ICUs in other hospitals while still 

intubated were regarded as ventilator treated through the rest of the 30-day period. Patients transferred to hospitals 

abroad before 30 days were regarded as alive at 30 days. 

 All outcome measures and predictor variables were predefined. Primary outcome measure was days alive and 

off ventilator during the first 30 days after trauma (ventilator-free days, VFD) (31, 32). Lung dysfunction is the most 

frequent organ failure after trauma (33), and VFD is considered a combined measure of mortality and duration of 

ventilation (32). Mortality was not included as endpoint, as deaths were anticipated to be few and mainly due to head 

injuries (34). Secondary outcome measures, focusing on early signs of remote organ injury (35), were maximal serum 

creatinine, alanine aminotransferase (ALT), aspartate aminotransferase (AST), and bilirubin within 48 h after injury, 

and body weight-adjusted total noradrenaline dose administered from 8 h through the 24-h period starting no later than 

48 h after admission. Predictor variables were sex, age, mechanism of injury (blunt or penetrating), NISS, BE, 

admission HMGB1 concentration, and area under the individual HMGB1 concentration curves (AUC) (36) 

(Supplemental Methods, Supplemental Digital Content 1). 

 Patients with severe head trauma spend substantial time on ventilator support due to the head injury per se, 

their noradrenaline dose being guided by cerebral perfusion pressure. Patients with maximal AIS severity code ≥3 in 

Injury Severity Score region Head or neck were therefore excluded from analyses of VFD and accumulated 

noradrenaline dose. Similarly, all patients with an AIS code in region Abdominal or pelvic contents were excluded from 

analyses of ALT, AST and bilirubin. 

Statistics 

 Data analysis was undertaken using JMP 11.2.1 and 13.1.0 (SAS Institute, Cary, NC). Correlation between 

continuous variables was assessed with the Spearman correlation coefficient (ρ) and linear regression as appropriate, 
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and categorical data were compared using Fischer’s Exact test. A two-tailed p≤0.05 was chosen to represent statistical 

significance. 

 Relationships between predictor and response variables were further examined in multivariable linear 

regression analyses with backward elimination. Significance levels were set to 0.05 for entry into and 0.10 for 

elimination from the model. Robustness of results was tested by removing individuals having residuals outside or equal 

to the 1 and 99 percentile and rerunning the analysis, and log-transforming where evidence of skewed residuals was 

found (not shown). Results changed only marginally. 

 Assessment of importance of the individual predictor variables in multivariable models was performed as 

variance-based sensitivity analysis. Importance indices were constructed from observed combinations of factor values, 

since predictor variables were generally correlated. 
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Results 

Population and Outcome 

 A total of 145 patients were enrolled. Two withdrew consent, one was <18 years, three were included in an 

interventional study, and three had unknown time of injury (Supplemental Digital Content 2). Characteristics of the 

remaining 136 patients constituting the study population are given in Table 1 and Supplemental Table 1 (Supplemental 

Digital Content 3). 

 Samples from 1094 time points were analyzed; 969 were arterial, 17 central venous, 105 peripheral venous, 

and three undocumented. Median time from injury to first sample was 75 min (quartiles 47-110). Median HMGB1 

concentration in venous samples from healthy subjects was 0.69 ng/mL (0.58-0.88) (Table 1). 

HMGB1 Concentration on Admission 

 Bivariable associations between admission HMGB1 concentration, patient age and sex, injury, and outcome 

are shown in Supplemental Tables 2 and 3 (Supplemental Digital Content 3). Admission HMGB1 concentration rose 

with increasing NISS and decreasing BE, was higher in blunt injuries, and was correlated with all outcome measures 

except maximal bilirubin concentration. All outcome measures were correlated with NISS, and most with BE. 

 In contrast, admission HMGB1 concentration was not a significant predictor for any outcome measure in 

multivariable analyses, except for a weak contribution to maximal ALT and AST (Supplemental Table 4, Supplemental 

Digital Content 3). Thus, most observed associations between admission HMGB1 and outcome were caused by 

confounding factors not accounted for in bivariable analyses. 

HMGB1 Concentration as a Function of Time 

 Relationships between area under the individual HMGB1 concentration curves (AUC) and outcome measures 

were explored in detail, since the impact of HMGB1 on the immune system was presumed to be a function not only of 

admission concentration but also of concentration over time. 

 Fig. 1 shows HMGB1 concentrations as a function of time after injury for all included patients. The profiles 

were strikingly similar: An immediate phase when concentrations fell rapidly, followed in some patients by a 

“shoulder” with a slower concentration decline subsiding within approximately 6 h in most patients. Later HMGB1 

concentrations were generally low. No patient had HMGB1 values >12 ng/mL from 48 h after injury and through their 

ICU stay. 
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 We endeavored to separate the immediate phase from the “shoulder” in individual patients. HMGB1 

concentration decay rates from the first to the second in-hospital samples were directly proportional to admission 

concentrations (Fig. 1), i.e., the concentrations followed a first order elimination kinetic in the immediate phase after 

injury. The decay rate was 0.40 h-1 for the 126 sample pairs constituting the total population (95%CI 0.38-0.42; 

R2=0.92; p<0.0001); removing the single highest admission value and restricting analysis to patients arriving within one 

hour after injury yielded nearly identical results (48 pairs; decay rate 0.41 h-1, 95%CI 0.40-0.43; R2=0.99; p<0.0001). 

An exponential decay curve could therefore be fitted to the measured concentrations (70 sample pairs; see Supplemental 

Methods, Supplemental Digital Content 1). The estimated elimination rate constant k (1.613 h-1, corresponding to a 

half-life of 26 min) was utilized to decompose all individual measured HMGB1 concentration curves into a computed 

immediate exponential decay curve and a residual curve, defined as the difference between the measured concentrations 

and the computed decay curve (Fig. 2). Admission HMGB1 concentrations increased with anatomical injury, while 

residual curves were more prominent in patients who were also physiologically deranged (Fig. 3). 

 Total area under an exponential decay curve is proportional to the initial concentration. Consequently, as for 

admission HMGB1, AUC for the exponential decay curve was not a significant predictor for any outcome measures in 

multivariable models, except for a weak contribution to maximal ALT and AST. We therefore presumed that any 

relationship between HMGB1 concentration and outcome would reside in the residual curves. The “shoulders” blunting 

the initial rapid decay in many of the measured concentration curves (Figs. 1-3) were visible as prominent “second 

waves” at 3-6 h in the residual curves (Fig. 2; lower rows in Fig. 3), increasing in size both with injury severity and 

physiological derangement. Quantitative relationships were therefore investigated using AUC from 3 to 6 h after injury 

(second wave AUC3-6) as a continuous variable. 

 In bivariable analyses (Supplemental Tables 2 and 3, Supplemental Digital Content 3), second wave AUC3-6 

was significantly correlated with admission HMGB1, NISS, and BE after blunt injury, and with all outcome measures. 

In multivariable analyses (Table 2), both NISS and admission HMGB1 were rendered insignificant as predictors of 

outcome, and BE only contributed to maximal creatinine. Second wave AUC3-6 was consistently the most important 

outcome predictor, alone explaining 62% of the variability in noradrenaline usage in patients without major head injury, 

and explaining 88% of VFD variability with a smaller contribution from age. It was also the most important contributor 

to ALT and AST in patients without abdominal injuries. Second wave AUC3-6 was itself predicted by admission 

HMGB1 and BE. 
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Discussion 

 Trauma represents extreme stress at the cellular level. Transcriptional evidence documents an early global 

reprioritization of the leukocyte transcriptome, affecting a majority of cellular functions and pathways (37). Further, up 

to 70% of plasma proteins from trauma patients originate from intracellular components (38). One might thus expect to 

find significant positive or negative correlations between almost any set of molecules and outcome. Multivariable 

analyses are therefore necessary to explore the relative importance of putative outcome predictors. In line with this, we 

confirmed previous reports that admission HMGB1 concentration was significantly correlated with NISS, BE, VFD, 

and markers of organ injury in bivariable analyses (21), whereas multivariable analyses left admission HMGB1 only as 

a weak explanatory variable for maximal ALT and AST, and only if second-wave HMGB1 was not in the model. 

 The immediate release of HMGB1 primarily reflected the anatomical extent of the injury (Table 2; cf. Fig. 3), 

reconcilable with passive release due to tissue necrosis which is expected to generate a redox isoform that primarily 

promotes chemotaxis (39). In contrast, the second wave of HMGB1 release was a remarkably strong predictor of 

outcome. NISS and BE are robust predictors of outcome in trauma (30, 40), as confirmed in our analyses, however 

apart from a contribution of BE to maximal creatinine their predictive power was lost when the second wave was 

included in our multivariable model. The second wave was itself to a large extent predicted by admission BE and 

HMGB1. It is thus tempting to speculate that HMGB1 in the second wave acted as mediator of the combined 

detrimental effects of anatomical injury and physiological derangement after trauma. The biology behind its release is a 

matter of speculation, but experimental ischemia/reperfusion injury in the liver has been shown to induce active 

discharge of proinflammatory HMGB1 from hepatocytes within one hour of hypoxia (41). Regardless of cellular 

mechanism, based on the strong predictive value of BE we propose hypoperfusion with concomitant hypoxia and 

cellular stress as a likely cause for the second-wave HMGB1 (42). 

 The HMGB1 release kinetics in our trauma patients is in contrast to results from studies in sepsis, where serum 

levels increase gradually over the first 48 h and persist for a long period, making HMGB1 an exceptionally late 

mediator (43, 44). Instead, the biphasic pattern after trauma closely parallels that in acetaminophen-induced liver injury, 

a highly HMGB1-dependent condition studied extensively in both patients and animals (45). The initial hepatotoxic 

injury induces hepatocyte necrosis with HMGB1 release, causing leukocyte influx in the liver with subsequent 

generation of a second wave of HMGB1 that may be lethal due to TLR4/RAGE-mediated fulminant inflammation (46-

48). Treatment with HMGB1-specific antagonists in acetaminophen-overdosed mice is highly successful and provides 

an extended therapeutic time window compared to standard therapy (8). We propose that the delayed treatment regimen 

in this cytotoxic model may have a direct translational value to trauma patients. It is tempting to speculate that it may be 

particularly important to antagonize the second wave of HMGB1, based on its strong association with outcome. This 
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would narrow the therapeutic time window down to the first few hours after trauma (Fig. 3), which is strikingly 

consistent with the observed time window anti-HMGB1 antibody therapy after experimental traumatic brain injury in 

rodents (49), which was efficacious up to 3 h but not at 6 h after trauma. 

Limitations 

 The study has a relatively small size; however it is comparable to previous publications on HMGB1 in humans 

(21, 23). The short half-life of HMGB1 after injury has large effects on admission concentration due to varying 

prehospital times; the lack of a significant contribution of initial HMGB1 concentration to outcome in our multivariable 

analyses therefore does not necessarily imply lack of biological effect. The relationship between AUC3-6 and therapeutic 

interventions, e.g., surgical procedures and blood transfusions, could not be explored in our material. Analyses 

regarding mechanism of injury are uncertain due to the low number of penetrating injuries. NISS was used as a 

summary measure of anatomical injury, but it lacks a direct relationship to the total volume of damaged tissue (29). The 

relationship between NISS and subsequent immunological activation is therefore complex. 

Conclusions 

 The second wave of systemic HMGB1 release after severe trauma is a consistent predictor of forthcoming 

critical systemic inflammation. Its concentration time course may hypothetically point to a clinically accessible time 

window for future therapies blocking the detrimental effects of HMGB1 after trauma (17, 50). 
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Figure Legends 
Figure 1. HMGB1 concentrations during the first 24 h after injury in the 136 patients, shown as a function of elapsed 

time from injury. Line breakpoints correspond to individual blood samples with concentration measurements. Inset 

shows HMGB1 concentration decay rates from the first to the second in-hospital samples with regression line and 95% 

confidence limits for the estimated slope (shaded). The single highest admission value (223 ng/mL) is marked with an 

asterisk here and in Figs. 2 and 3. 

Figure 2. HMGB1 concentrations in 15 example patients during the first 24 h after injury (upper panel), with computed 

first order decay curves (middle panel) and residual curves (lower panel) generated by subtraction of the first order 

decay curves from the measured HMGB1 concentrations. Note that this approach forced all residual curves to start at 

0 ng/mL. The patients were selected to represent a broad range of HMGB1 concentrations and waveform shapes, 

corresponding to a broad range of injuries and physiological derangement. Individual patients have the same color 

across all panels. All concentrations are ng/mL; dashed vertical lines are at 3 and 6 h after injury (cf. Fig. 3, lower 

rows). *A single admission value of 223 ng/mL is not shown. +A single value of 74 ng/mL at 3:50 h after injury is not 

shown. 

Figure 3. HMGB1 concentrations during the first 12 h after injury in the 127 individual patients with documented 

admission base excess. Upper rows show measured HMGB1 concentrations, middle rows show computed HMGB1 

concentrations assuming first order decay kinetics after admission, and lower rows show residual curves obtained by 

subtracting computed decay curves from measured concentrations (cf. Fig. 2). The curves are grouped by anatomical 

injury (NISS, New Injury Severity Score; increasing severity from left to right) and physiological derangement (BE, 

admission base excess in mmol/L). Dashed vertical lines at 3 and 6 h after injury delineate the period used for 

calculation of second wave AUC3-6. Individual patients have the same color across all panels. *A single value of 

223 ng/mL on admission is not shown; this patient was omitted from multivariable outcome analyses including 

admission HMGB1 because of major influence on results. +This patient was omitted from multivariable analyses of 

outcome because of a particularly large second wave AUC3-6 with major influence on results. 
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Supplemental Digital Content 3.  Supplemental Tables.  pdf 



TABLE 1. Characteristics of the Study Population 
   
Characteristics Trauma Patients (n = 136) Healthy Controls (n = 20) 
Demographics   
 Sex (male : female) 101 : 35 11 : 9 
 Age (years) 40  

(27 – 54; 18 – 94); 135 
39 

(32 – 49; 22 – 58); 20 
 Pre-injury ASA PS (ASA I : II : III) 85 : 37 : 14  
Injuries   
 Mechanism of injury   

(blunt : penetrating) 118 : 18  
 NISS 27  

(12 – 47; 1 – 75); 136  
 ISS 19  

(9 – 34; 1 – 75); 136  
 Serious injury (NISS ≥ 16; ISS ≥ 16) 92; 80  
 Critical injury (NISS ≥ 25; ISS ≥ 25) 75; 57  
 Major head traumaA (y : n) 59 : 77  
 Abdominal traumaB (y : n) 38 : 98  
 Admission BE (mmol/L) -3.1 

 (-6.1 – -1.3; -26.0 – 3.4); 127  
 Admission BE ≤ -6 mmol/L (n) 32  
HMGB1 analyses   
 Admission HMGB1 (ng/mL) 3.74  

(2.05 – 9.90; 0.31 – 223); 135 
0.69 

(0.58 – 0.88; 0.41 – 1.35); 20 
 Second wave AUC3–6C (ng/mL×h) 3.15  

(1.20 – 5.48; -1.12 – 149); 94  
 Time from injury to first sample 

(hours) 
1:15 

 (0:47 – 1:50; 0:20 – 5:40); 136  
 Samples analysed for HMGB1  

per patient 
6 

 (5 – 10; 1 – 35); 136  
Hospital treatment   
 Hospital length of stay (days) 6 

 (3 – 13; 1 – 52); 136  
 ICU length of stay (days) 3 

 (2 – 7; 1 – 52); 131  
 Ventilator treatment (y : n) 67 : 69  
Survival   
 Dead at 30 days (y : n) 20 : 116  
 Time to death (days) 1 

 (0 – 1; 0 – 23); 20  
Predefined outcome variables   
 Ventilator-free days 29 

 (5 – 30; 0 – 30); 136  
 Patient weight adjusted   

total noradrenaline dose   
8–48 h after admission (mg/kg) 

0  
(0 – 99; 0 – 1,101); 136  

 Maximal creatinine concentration 
within 48 h after injury (µmol/L) 

84 
 (72 – 98; 43 – 306); 136  

 Maximal ALT concentration  
within 48 h after injury (U/L) 

39 
 (21 – 88; 8 – 2,356); 135  



 Maximal AST concentration  
within 48 h after injury (U/L) 

50  
(31 – 106; 17 – 6,085); 111  

 Maximal bilirubin concentration within 
48 h after injury (µmol/L) 

11  
(7 – 17; 2 – 57); 136  

 
Numbers are given as median (quartiles; range) and number of patients if not otherwise specified. 
ASA PS, American Society of Anesthesiologists Physical Status Classification System; NISS, New 
Injury Severity Score; ISS, Injury Severity Score; BE, Base Excess; ICU, intensive care unit; ALT, 
alanine aminotransferase; AST, aspartate aminotransferase. 
AMajor head trauma, maximum Abbreviated Injury Scale (AIS) severity code ≥3 in ISS region Head 
or neck. BAbdominal trauma, any AIS code in ISS region Abdominal or pelvic contents. CCriteria for 
inclusion of patients in analyses involving second wave AUC3–6 are given in Supplemental Methods 
(Supplemental Digital Content 1). 



TABLE 2. Multivariable Linear Regression Analyses with Admission HMGB1 and Second Wave AUC3–6 
 Predictors  
 HMGB1 Patient Injury  
Response Admission  

(ng/mL) 
Second wave  

AUC3–6 (ng/mL×h) 
Sex 
Male 

Age 
(years) 

NISS BE 
(mmol/L) 

Total Model 

HMGB1        

 Admission (ng/mL) – – NS NS 0.64 (0.40 – 0.88) 
p <0.0001 NS R2 = 0.24; n = 91; p <0.0001 

 Second wave AUC3–6 
(ng/mL×h) 

0.17 (0.10 – 0.23) 
[0.426] 

p <0.0001 
– NS NS NS 

-1.28 (-1.56 – -0.99) 
[0.574] 

p <0.0001 
R2 = 0.63; n = 85; p <0.0001 

Intensive care        

 Ventilator-free days NS 
-0.97 (-1.08 – -0.86) 

[0.868] 
p <0.0001 

NS 
-0.05 (-0.09 – 0.00) 

[0.132] 
p = 0.06 

NS NS R2 = 0.88; n = 50; p <0.0001 

 
Patient weight adjusted  
total noradrenaline dose  
8–48 h after admission  

(mg/kg) 
NS 13.9 (10.8 – 17.0) 

p <0.0001 NS NS NS NS R2 = 0.62; n = 51; p <0.0001 

Routine lab;  
maximal concentrations  
within 48 h after injury 

       

 Creatinine (µmol/L) NS 
1.05 (0.44 – 1.65) 

[0.390] 
p = 0.0009 

29 (17 – 41) 
[0.183] 

p <0.0001 

0.58 (0.31 – 0.85) 
[0.249] 

p <0.0001 
NS 

-1.29 (-2.54 – -0.03) 
[0.334] 
p = 0.04 

R2 = 0.50; n = 85; p <0.0001 

 ALT (U/L) NS 4.05 (1.66 – 6.45) 
p = 0.001 NS NS NS NS R2 = 0.15; n = 66; p = 0.001 

 AST (U/L) NS 8.17 (4.38 – 12.0) 
p <0.0001 NS NS NS NS R2 = 0.27; n = 53; p <0.0001 

 
Only significant values are shown (NS, not significant). Mechanism of injury was not a significant predictor variable for any response, and the response variable Maximal bilirubin concentration 
within 48 h after injury did not have any significant predictor. Numbers represent effect size with 95% confidence interval in parentheses. In models with more than one significant predictor 
variable, importance indices in brackets reflect the relative contributions of the individual predictors to the response variable. 

Second wave AUC3–6, area under the residual curve 3–6 hours after injury; NISS, New Injury Severity Score; BE, Base Excess; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase. p, significance probability; n, number of patients with complete data contributing to the model; R2, coefficient of multiple determination, estimating the proportion of variation in 
the response that can be attributed to the model rather than to random error. 

A single patient with an extreme outlier admission HMGB1 concentration (marked with an asterisk in Fig. 1–3) and a single patient with an extreme outlier second wave AUC3–6 value (marked 
with a cross in Fig. 2 and 3) were excluded due to substantial influence on linear regression analyses. Criteria for inclusion of patients in analyses involving second wave AUC3–6 are given in 
Supplemental Methods (Supplemental Digital Content 1), and explanations for the number of patients contributing to each model are given in Supplemental Digital Content 2. 
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Supplemental Methods 

Analysis of Repeated HMGB1 Measurements 

A first order kinetic curve was fitted to the measured HMGB1 concentrations for the patient population (concentration 

above baseline C(t) = C0 × e−kt, where C0 was admission HMGB1 concentration above baseline, t was time after the 

admission sample was obtained). Baseline was defined as median HMGB1 concentration from the control group, 

0.69 ng/mL, see Table 1 and Supplemental Table 1 (Supplemental Digital Content 3) which describe the study 

population. Only values from the first two time points after admission in patients with clearly elevated admission 

HMGB1 concentrations, arbitrarily defined as ≥3 ng/mL, were used. The elimination rate constant (k) was estimated 

using successive approximation to find the lowest value that did not yield any negative values in the residual curves 

(cf. Fig. 3, lower rows). Half-life was calculated as t1/2 = ln(2)/k. 

 The estimated elimination rate constant was used together with each patient’s actual baseline-adjusted HMGB1 

concentration at admission, to compute individual concentration decay curves above baseline (0.69 ng/mL, see above) 

for all individual patients. The individual computed concentration decay curves were subtracted from the actual 

measured HMGB1 concentrations, to obtain individual residual curves. 

 Except for HMGB1 concentration at admission, all measured and computed HMGB1 concentrations were 

analyzed as function of elapsed time after injury. The temporally aligned concentration curves were linearly interpolated 

with 7.5 min time resolution to enable analyses mandating comparison at specific times after injury across our 

asynchronously sampled data. The linearly interpolated data set was also utilized to calculate area under the individual 

HMGB1 concentration curves as a function of time, using the trapezoidal rule. The application for linear interpolation 

followed by integration was custom developed in LabVIEW 2013 (National Instruments, Austin, TX). 

 Quantitative relationships with residual curve HMGB1 concentration over time were investigated using area 

under the residual curves from 3 to 6 h after injury (second wave AUC3–6, always analyzed as a continuous variable), 

because this time period contained the most prominent part of the second waves (see Fig. 3, lower rows). Only patients 

with admission samples obtained no later than 2 h after injury were included, in order to minimize the effect of forcing 

all admission residual concentrations to zero (Fig. 3, lower rows). Additionally, all patients who had missing samples 

between 2 and 7 hours after injury were omitted, including those who were dead or discharged up to 7 h after injury. 

Detailed explanations for the number of patients contributing to comparisons and models are given in Supplemental 

Digital Content 2.



STROBE flow diagram for patient inclusion  
and blood samples analyzed for HMGB1


� 


Flow diagram for the 136 study participants and 1094 samples analyzed for HMGB1, according to 
von Elm E, Altman DG, Egger M et al.: The Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. Lancet 2007; 
370:1453–1457.


Enrolled
n=145

Study 
population

n=136

Withdrawn consent n=2
Age <18 years n=1
Other interventional study n=3
Unknown time of injury n=3

Sampling
times
n=1100

Sample not obtained n=5
Analysis missing n=1

Samples 
analysed

n=1094

Arterial n=969
Central venous n=17
Peripheral venous n=105
Not reported n=3
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Number of HMGB1 analyses per time code and per patient

The blood sampling scheme was highly consistent. Samples were obtained from five patients 
during helicopter transfer to our trauma center (T00), and from all 136 patients at admission 
(coded as T01; 135 HMGB1 analyses due to one analysis missing, cf. STROBE flow diagram 
above). Samples were then collected every two hours after T01 until eight hours after admission 
(T05), followed by every morning in the ICU and/or postoperative care unit until a maximum of 10 
days after injury (T15). Six pilot patients were followed throughout their ICU stay.

The following figure shows number of patients with HMGB1 analyses at each of our defined 
sampling time codes. Note that time codes were converted to elapsed time from time of injury 
(defined as zero hours) in all analyses of concentration kinetics:


� 


As a consequence of the sampling acquisition scheme, the number of HMGB1 analyses per 
patient varied from 1 to 35 (median 6, quartiles 5–10). This is illustrated in the following figure:
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Number of patients in the individual statistical analyses

Distribution of the 136 study participants between the categories utilized for statistical analyses is 
outlined in the Venn diagram below:


� 

The diagram includes the following four patients (only one attribute per patient):


§	 A patient without information about Age

¶	 A patient without analysis of Admission HMGB1

*	 A patient with exceptionally high Admission HMGB1 (marked with an asterisk in Figs. 1–3) 

was excluded from the models in Table 2 and in Supplemental Tables 2–4 (Supplemental 
Digital Content 3) due to substantial influence on linear regression analyses


†	 A patient with exceptionally high Second wave AUC3–6 (marked with a cross in Figs. 2–3) 
was excluded from the models in Table 2 and in Supplemental Tables 2–4 (Supplemental 
Digital Content 3) due to substantial influence on linear regression analyses


One single patient with combined abdominal and head trauma, no valid HMGB1 second wave 
AUC3–6, and no admission BE (i.e., outside the four ovals) is not shown in any diagram.

Colored areas (intersections) in the following Venn diagrams highlight patients meeting all criteria 
for the respective analyses.
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Table 2: Multivariable linear regression analyses with Admission HMGB1 and 
Second wave AUC3–6 
Explanations for the number of patients included in the final linear regression model for each 
response variable in Table 2 are given below.

All analyses were restricted to the 94 patients with quantifiable Second wave AUC3–6 (who had 
their first sample taken within 2 h after injury (colored area in the first Venn diagram below; see 
Supplemental Methods, Supplemental Digital Content 1). Added constraints when patients with 
abdominal trauma or major head trauma were excluded from the analysis, and when admission 
BE or age was a significant predictor, are visualized as colored intersections in the following Venn 
diagrams.


Admission HMGB1: 94 patients with Second wave AUC3–6 (colored area below), 1 excluded due 
to missing Admission HMGB1 (¶), 1 due to exceptionally high Admission HMGB1 (*), and 1 due to 
exceptionally high Second wave AUC3–6 (†), n = 91


� 


Second wave AUC3–6: 88 patients with Second wave AUC3–6 and BE (colored area below), 
1 excluded due to missing Admission HMGB1 (¶), 1 due to exceptionally high Admission 
HMGB1 (*), and 1 due to exceptionally high Second wave AUC3–6 (†), n = 85
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Ventilator-free days: 53 patients with Second wave AUC3–6 and without Major head trauma 
(colored area below), 1 excluded due to exceptionally high Admission HMGB1 (*), 1 due to 
exceptionally high Second wave AUC3–6 (†), and 1 due to missing Age (§), n = 50


� 


Patient weight adjusted total noradrenaline dose: 53 patients with Second wave AUC3–6 and 
without Major head trauma (colored area above), 1 excluded due to exceptionally high Admission 
HMGB1 (*) and 1 due to exceptionally high Second wave AUC3–6 (†), n = 51


Creatinine: 88 patients with Second wave AUC3–6 and admission BE (colored area below), 
1 excluded due to exceptionally high Admission HMGB1 (*), 1 due to exceptionally high Second 
wave AUC3–6 (†), and one due to missing Age (§), n = 85
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ALT: 67 patients with Second wave AUC3–6 and without abdominal trauma (colored area below), 
1 excluded due to missing ALT analysis, n = 66


� 


AST: 67 patients with Second wave AUC3–6 and without abdominal trauma (colored area above), 
14 excluded due to missing AST analysis, n = 53
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Supplemental Tables 2 and 3: Bivariable correlations among the 136 patients 
Maximum number of patients available for analyses with Admission HMGB1: 136 patients in total 
population, 1 excluded due to missing Admission HMGB1 (¶), 1 due to exceptionally high 
Admission HMGB1 (*), n = 134


Maximum number of patients available for analyses with Second wave AUC3–6: 94 patients 
(colored area below), 1 excluded due to exceptionally high Second wave AUC3–6 (†), n = 93
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Supplemental Table 4: Multivariable linear regression analyses with Admission 
HMGB1 
Explanation for the number of patients included in the final linear regression model for each 
response variables in Supplemental Table 4 is given below.

As for Supplemental Tables 2 and 3, the maximum number of patients available for analyses with 
Admission HMGB1 was 134: 136 patients in the total population, 1 excluded due to missing 
Admission HMGB1 (¶) and 1 due to exceptionally high Admission HMGB1 (*). No patient was 
excluded from analyses due to missing information about sex or NISS. Added constraints are 
described and visualized.


Admission HMGB1: 127 patients with Admission BE (colored area below), 1 excluded due to 
missing Admission HMGB1 (¶) and 1 due to exceptionally high Admission HMGB1 (*), n = 125


� 


Ventilator-free days: 70 patients with Admission BE and without Major head trauma (colored area 
below), 1 excluded due to exceptionally high Admission HMGB1 (*), n = 69
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Patient weight adjusted total noradrenaline dose: 77 patients without Major head trauma (colored 
area below), 1 excluded due to exceptionally high Admission HMGB1 (*), n = 76


� 


Creatinine: 127 patients with Admission BE (colored area below), 1 excluded due to exceptionally 
high Admission HMGB1 (*) and 1 due to missing Age (§), n = 125
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ALT: 98 patients without Abdominal trauma (colored area below), 1 excluded due to missing ALT 
analysis, n = 97


� 


AST: 93 patients with Admission BE and without Abdominal trauma (colored area below), 
18 excluded due to missing AST analyses, n = 75
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Major Head Trauma Abdominal Trauma

Characteristics All Trauma Patients (n = 136) Yes (n = 59) No (n = 77) p Yes (n = 38) No (n = 98) p Healthy Controls (n = 20)

Demographics

Sex (male : female) 101 : 35 44 : 15 57 : 20 1.00 28 : 10 73 : 25 1.00 11 : 9

Age (years) 40  
(27 – 54; 18 – 94); 135

42  
(26 – 63; 18 – 94); 59

37  
(28 – 50; 18 – 75); 76 0.17 37  

(26 – 54; 18 – 89); 38
40  

(28 – 53; 18 – 94); 97 0.86 39
(32 – 49; 22 – 58); 20

Pre-injury ASA PS (ASA I : II : III) 85 : 37 : 14 31 : 19 : 9 54 : 18 : 5 0.08 25 : 9 : 4 60 : 28 : 10 0.85

Injuries

Mechanism of injury  
(blunt : penetrating) 118 : 18 52 : 7 66 : 11 0.80 36 : 2 82 : 16 0.10

NISS 27  
(12 – 47; 1 – 75); 136

48  
(34 – 57; 10 – 75); 59

14  
(9 – 27; 1 – 59); 77 <0.0001 42  

(27 – 57; 9 – 66); 38
22  

(10 – 41; 1 – 75); 98 0.0001

ISS 19  
(9 – 34; 1 – 75); 136

34  
(26 – 43; 9 – 75); 59

10  
(6 – 19; 1 – 43); 77 <0.0001 34  

(24 – 43; 4 – 66); 38
13  

(9 – 26; 1 – 75); 98 <0.0001

Admission BE (mmol/L) -3.1  
(-6.1 – -1.3; -26.0 – 3.4); 127

-3.9  
(-6.3 – -1.5; -26.0 – 2.1); 57

-3.0  
(-5.1 – -1.1; -25.9 – 3.4); 70 0.25 -4.8  

(-9.4 – -1.7; -26.0 – 2.1); 34
-2.9  

(-4.7 – -1.2; -22.8 – 3.4); 93 0.02

HMGB1 analyses

Admission HMGB1 (ng/mL) 3.74  
(2.05 – 9.90; 0.31 – 223); 135

4.88  
(2.08 – 22.4; 0.45 – 106); 59

3.01  
(1.84 – 7.52; 0.31 – 223); 76 0.12 23.0  

(6.78 – 67.3; 0.71 – 223); 37
2.62  

(1.72 – 5.43; 0.31 – 103); 98 <0.0001 0.69
(0.58 – 0.88; 0.41 – 1.35); 20

Second wave AUC3–6A (ng/mL×h) 3.15  
(1.20 – 5.48; -1.12 – 149); 94

3.75  
(2.02 – 9.91; -0.82 – 62.2); 41

2.79  
(0.91 – 4.90; -1.12 – 149); 53 0.07 5.94  

(3.12 – 26.4; 0.00 – 149); 27
2.31  

(0.91 – 4.70; -1.12 – 29.8); 67 0.0002

Time from injury
to first sample (hours)

1:15  
(0:47 – 1:50; 0:20 – 5:40); 136

1:23  
(0:55 – 2:00; 0:28 – 5:40); 59

1:07  
(0:44 – 1:35; 0:20 – 4:06); 77 0.02 1:18  

(0:44 – 1:51; 0:32 – 3:43); 38
1:15  

(0:47 – 1:46; 0:20 – 5:40); 98 0.83

Time from admission
to first sample (hours)

0:10  
(0:06 – 0:16; 0:00 – 1:27); 136

0:10  
(0:05 – 0:16; 0:00 – 1:27); 59

0:10  
(0:06 – 0:16; 0:00 – 0:53); 77 0.63 0:10  

(0:06 – 0:18; 0:00 – 1:20); 38
0:10  

(0:06 – 0:15; 0:00 – 1:27); 98 0.25

Samples analysed
for HMGB1 per patient

6  
(5 – 10; 1 – 35); 136

8  
(5 – 15; 1 – 29); 59

6  
(4 – 7; 1 – 35); 77 <0.0001 7  

(5 – 12; 1 – 29); 38
6  

(5 – 10; 1 – 35); 98 0.37

Hospital treatment

Primary : secondary admission 120 : 16 47 : 12 73 : 4 0.01 34 : 4 86 : 12 1.00

Time from injury to admission (hours) 0:58  
(0:37 – 1:28; 0:10 – 5:25); 136

1:05  
(0:44 – 1:35; 0:13 – 5:25); 59

0:52  
(0:35 – 1:22; 0:10 – 3:50); 77 0.06 0:59  

(0:36 – 1:28; 0:17 – 2:45); 38
0:58  

(0:38 – 1:30; 0:10 – 5:25); 98 0.97

Hospital length of stay (days) 6  
(3 – 13; 1 – 52); 136

8  
(3 – 15; 1 – 52); 59

5  
(3 – 11; 1 – 50); 77 0.02 7  

(2 – 16; 1 – 52); 38
6  

(3 – 12; 1 – 50); 98 0.97

ICU length of stay (days) 3  
(2 – 7; 1 – 52); 131

6  
(2 – 14; 1 – 52); 57

2  
(2 – 5; 1 – 35); 74 0.0008 4  

(2 – 10; 1 – 52); 35
3  

(2 – 7; 1 – 35); 96 0.45

Ventilator treatment (y : n) 67 : 69 47 : 12 20 : 57 <0.0001 22 : 16 45 : 53 0.25

Time on a ventilator (days) 3  
(2 – 15; 1 – 35); 67

6  
(2 – 15; 1 – 35); 47

2  
(1 – 9; 1 – 26); 20 0.07 3  

(2 – 18; 1 – 35); 22
6  

(2 – 13; 1 – 22); 45 0.99

Transferred to other hospital 
while still intubated (y : n) 25 : 42 22 : 25 3 : 17 0.02 11 : 11 14 : 31 0.18

Survival

Dead at 30 days (y : n) 20 : 116 16 : 43 4 : 73 0.0005 11 : 27 9 : 89 0.006

Time to death (days) 1  
(0 – 1; 0 – 23); 20

1  
(0 – 1; 0 – 23); 16

0  
(0 – 2; 0 – 3); 4 0.31 0  

(0 – 1; 0 – 23); 11
1  

(1 – 6; 0 – 12); 9 0.08

Predefined outcome variables

Ventilator-free days 29  
(5 – 30; 0 – 30); 136

9  
(0 – 28; 0 – 30); 59

30  
(29 – 30; 0 – 30); 77 <0.0001 12  

(0 – 30; 0 – 30); 38
30  

(15 – 30; 0 – 30); 98 0.004

Patient weight adjusted  
total noradrenaline dose  
8–48 h after admission (mg/kg)

0  
(0 – 99; 0 – 1,101); 136

23  
(0 – 411; 0 – 1,101); 59

0  
(0 – 0; 0 – 870); 77 <0.0001 0  

(0 – 278; 0 – 870); 38
0  

(0 – 73; 0 – 1,101); 98 0.25

Maximal creatinine concentration  
within 48 h after injury (µmol/L)

84  
(72 – 98; 43 – 306); 136

83  
(72 – 112; 48 – 166); 59

84  
(72 – 97; 43 – 306); 77 0.56 85  

(73 – 113; 63 – 306); 38
84  

(71 – 97; 43 – 210); 98 0.31

Maximal ALT concentration  
within 48 h after injury (U/L)

39  
(21 – 88; 8 – 2,356); 135

40  
(23 – 95; 8 – 936); 58

38  
(21 – 86; 8 – 2,356); 77 0.64 92  

(44 – 327; 8 – 2,356); 38
32  

(20 – 53; 8 – 287); 97 <0.0001

Maximal AST concentration  
within 48 h after injury (U/L)

50  
(31 – 106; 17 – 6,085); 111

61  
(36 – 117; 21 – 1,528); 50

47  
(28 – 99; 17 – 6,085); 61 0.11 131  

(66 – 426; 28 – 6,085); 32
38  

(27 – 65; 17 – 415); 79 <0.0001

Maximal bilirubin concentration  
within 48 h after injury (µmol/L)

11  
(7 – 17; 2 – 57); 136

12  
(8 – 17; 2 – 47); 59

10  
(7 – 17; 2 – 57); 77 0.12 13  

(7 – 21; 2 – 47); 38
10  

(7 – 16; 2 – 57); 98 0.09

Numbers are given as median (quartiles; range) and number of patients if not otherwise specified. Major head trauma was defined as maximum Abbreviated Injury Scale (AIS) severity code ≥3 in Injury Severity Score (ISS) region Head or neck, and 
Abdominal trauma as any AIS code in ISS region Abdominal or pelvic contents. ASA PS, American Society of Anesthesiologists Physical Status Classification System; NISS, New Injury Severity Score; ISS, Injury Severity Score; BE, Base Excess; ICU, 
intensive care unit; ALT, alanine aminotransferase; AST, aspartate aminotransferase. p values represent two-tailed probability for group comparisons with Fisher’s exact test for categorical data and Wilcoxon rank-sum test with correction for ties for 
continuous data. ACriteria for inclusion of patients in analyses involving second wave AUC3–6 are given in Supplemental Methods (Supplemental Digital Content 1), see also Supplemental Digital Content 2.

SUPPLEMENTAL TABLE 1. Detailed Characteristics of the Study Population



HMGB1 BE (mmol/L)

AdmissionA

(ng/mL)

Second Wave 
AUC3–6B

(ng/mL×h)
Age 

(years) NISS
Total 

Population
Blunt 
Injury

Penetrating 
Injury

ρ n p ρ n p ρ n p ρ n p ρ n p ρ n p ρ n p

HMGB1

AdmissionA (ng/mL) - - - 0.71 91 <0.0001 -0.01 133 0.92 0.49 134 <0.0001 -0.43 125 <0.0001 -0.47 108 <0.0001 -0.67 17 0.003

Second wave AUC3–6B (ng/mL×h) 0.71 91 <0.0001 - - - -0.17 92 0.10 0.54 93 <0.0001 -0.50 87 <0.0001 -0.59 74 <0.0001 -0.28 13 0.35

Ventilator-free days

Total population -0.42 134 <0.0001 -0.51 93 <0.0001 -0.12 135 0.18 -0.75 136 <0.0001 0.46 127 <0.0001 0.46 110 <0.0001 0.40 17 0.11

Not Major head trauma -0.36 75 0.002 -0.44 52 0.001 -0.03 76 0.80 -0.45 77 <0.0001 0.41 70 0.0004 0.36 60 0.005 0.49 10 0.15

Major head trauma -0.40 59 0.002 -0.46 41 0.003 -0.04 59 0.75 -0.71 59 <0.0001 0.45 57 0.0005 0.52 50 0.0001 0.09 7 0.85

Patient weight adjusted total noradrenaline 
dose 8–48 h after admission (mg/kg)

Total population 0.24 134 0.005 0.40 93 <0.0001 0.03 135 0.69 0.57 136 <0.0001 -0.33 127 0.0002 -0.35 110 0.0002 -0.27 17 0.30

Not Major head trauma 0.29 75 0.01 0.36 52 0.009 0.10 76 0.40 0.48 77 <0.0001 -0.29 70 0.02 -0.35 60 0.007 0.06 10 0.87

Major head trauma 0.07 59 0.58 0.28 41 0.08 -0.09 59 0.48 0.30 59 0.02 -0.29 57 0.03 -0.25 50 0.08 -0.56 7 0.20

Routine lab; maximal concentrations 
within 48 h after injury

Creatinine (µmol/L) 0.31 134 0.0003 0.34 93 0.0008 0.17 135 0.04 0.22 136 0.01 -0.28 127 0.001 -0.27 110 0.004 -0.24 17 0.36

ALT (U/L) 0.57 133 <0.0001 0.42 92 <0.0001 -0.07 134 0.41 0.24 135 0.006 -0.25 126 0.005 -0.37 109 <0.0001 -0.07 17 0.78

AST (U/L) 0.65 110 <0.0001 0.57 76 <0.0001 0.004 111 0.97 0.42 111 <0.0001 -0.30 103 0.002 -0.47 86 <0.0001 0.12 17 0.64

Bilirubin (µmol/L) 0.12 134 0.12 0.39 93 0.0001 -0.21 135 0.02 0.23 136 0.007 -0.02 127 0.80 -0.01 110 0.92 -0.25 17 0.34

SUPPLEMENTAL TABLE 2. Bivariable Analyses, Non-Parametric Correlations

ρ, Spearman’s rank correlation coefficient; n, number of patients; p, significance probability for ρ. Major head trauma was defined as maximum Abbreviated Injury Scale (AIS) severity 
code ≥3 in Injury Severity Score (ISS) region Head or neck. 

Second wave AUC3–6, area under the residual curve 3–6 hours after injury; NISS, New Injury Severity Score; BE, Base Excess; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase. 

Criteria for inclusion of patients in analyses involving second wave AUC3–6 are given in Supplemental Methods (Supplemental Digital Content 1), and explanation for the number of 
patients contributing to the analyses are given in Supplemental Digital Content 2. AA single patient with an extreme outlier admission HMGB1 concentration (marked with an asterisk in 
Fig. 1–3) was excluded due to substantial influence on linear regression analyses. BThe single patient with an extreme outlier value (marked with a cross in Fig. 2 and 3) was excluded 
due to substantial influence on linear regression analyses.



Sex Mechanism of Injury

Male Female p Blunt Penetrating p

HMGB1

AdmissionA (ng/mL) 3.75
(2.22 – 10.1; 0.31 – 106); 99

2.40
(1.29 – 7.42; 0.45 – 98); 35 0.11 4.32  

(2.07 – 14.3; 0.31 – 106); 116
2.47  

(1.43 – 4.41; 0.67 – 29); 18 0.04

Second wave AUC3–6B (ng/mL×h) 3.18
(1.28 – 5.48; -1.12 – 62); 74

2.54
(1.19 – 4.91; -0.82 – 56); 19 0.74 3.24  

(1.20 – 6.03; -1.12 – 56); 79
2.10  

(0.99 – 3.66; -0.29 – 62); 14 0.18

Ventilator-free days

Total population 30
(4 – 30; 0 – 30); 101

28
(4 – 30; 0 – 30); 35 0.30 29.5

(0 – 30; 0 – 30); 118
28.5

(11 – 30: 0 – 30); 18 0.69

Not Major head trauma 30
(30 – 30; 0 – 30); 57

30
(28 – 30; 0 – 30); 20 0.10 30

(29 – 30; 0 – 30); 66
30

(28 – 30; 0 – 30); 11 0.34

Major head trauma 9
(0 – 29; 0 – 30); 44

9
(0 – 24; 0 – 30); 15 0.95 8.5

(0 – 29; 0 – 30); 52
12

(0 – 28; 0 – 29); 7 0.79

Patient weight adjusted total noradrenaline 
dose 8–48 h after admission (mg/kg)

Total population 0  
(0 – 15; 0 – 1,101); 101

7.2  
(0 – 411; 0 – 1,096); 35 0.004 0  

(0 – 101; 0 – 1,101); 118
0  

(0 – 125; 0 – 950); 18 0.85

Not Major head trauma 0  
(0 – 0; 0 – 500); 57

0  
(0 – 26; 0 – 870); 20 0.04 0  

(0 – 0; 0 – 870); 66
0  

(0 – 0; 0 – 67); 11 0.49

Major head trauma 0  
(0 – 268; 0 – 1,101); 44

409  
(10 – 607; 0 – 1,096); 15 0.01 16  

(0 – 403; 0 – 1,101); 52
297  

(0 – 813; 0 – 950); 7 0.37

Routine lab; maximal concentrations within 
48 h after injury

Creatinine (µmol/L) 89
(78 – 102; 43 – 210); 101

71
(59 – 79; 44 – 306); 35 <0.0001 84

(72 – 97; 43 – 306); 118
91

(72 – 104; 50 – 151); 18 0.45

ALT (U/L) 40
(23 – 86; 8 – 1,137); 100

34
(17 – 105; 8 – 2,356); 35 0.37 42

(25 – 95; 8 – 2,356); 117
22

(13 – 32; 8 – 582); 18 0.002

AST (U/L) 50
(32 – 96; 17 – 2,755); 81

49
(25 – 179; 19 – 6,085); 30 0.80 58

(33 – 131; 19 – 6,085); 94
28

(26 – 45; 17 – 837); 17 0.003

Bilirubin (µmol/L) 12
(8 – 18; 2 – 57); 101

8
(6 – 14; 2 – 47); 35 0.07 10

(8 – 16; 2 – 57); 118
12

(6 – 19; 2 – 30); 18 0.94

SUPPLEMENTAL TABLE 3. Bivariable Analyses, Group Comparisons

Numbers represent median (quartiles; range) and number of patients. p, probability for group comparisons with Wilcoxon rank-sum test. Major 
head trauma was defined as maximum Abbreviated Injury Scale (AIS) severity code ≥3 in Injury Severity Score (ISS) region Head or neck.

Second wave AUC3–6, area under the residual curve 3–6 hours after injury; NISS, New Injury Severity Score; BE, Base Excess; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase.

Criteria for inclusion of patients in analyses involving second wave AUC3–6 are given in Supplemental Methods (Supplemental Digital Content 1), 
and explanation for the number of patients contributing to the analyses are given in Supplemental Digital Content 2. AA single patient with an 
extreme outlier admission HMGB1 concentration (marked with an asterisk in Fig. 1–3) was excluded due to substantial influence on linear 
regression analyses. BThe single patient with an extreme outlier value (marked with a cross in Fig. 2 and 3) was excluded due to substantial 
influence on linear regression analyses.



Predictors

HMGB1 Patient Injury

Response
Admission

(ng/mL)
Sex
Male

Age
(years) NISS

BE
(mmol/L) Total Model

HMGB1

Admission (ng/mL) – NS NS
0.42 (0.22 – 0.61)

[0.613]
p <0.0001

-0.83 (-1.54 – -0.13)
[0.387]
p = 0.02

R2 = 0.21; n = 125; p <0.0001

Intensive care

Ventilator-free days NS NS NS
-0.23 (-0.35 – -0.12)

[0.399]
p = 0.0001

0.79 (0.51 – 1.07)
[0.601]

p <0.0001
R2 = 0.55; n = 69; p <0.0001

Patient weight adjusted total 
noradrenaline dose 8–48 h 
after admission (mg/kg)

NS NS NS 5.12 (3.06 – 7.19)
p <0.0001 NS R2 = 0.25; n = 76; p <0.0001

Routine lab; maximal concentrations 
within 48 h after injury

Creatinine (µmol/L) NS
20 (8 – 32)

[0.218]
p = 0.002

0.31 (0.01 – 0.61)
[0.187]
p = 0.04

0.33 (0.03 – 0.63)
[0.335]
p = 0.03

-1.83 (-2.88 – -0.79)
[0.476]

p = 0.0007
R2 = 0.24; n = 125; p <0.0001

ALT (U/L) 1.34 (0.48 – 2.19)
p = 0.003 NS NS NS NS R2 = 0.09; n = 97; p = 0.003

AST (U/L)
1.38 (0.06 – 2.69)

[0.537]
p = 0.04

NS NS NS
-3.70 (-7.56 – 0.15)

[0.463]
p = 0.06

R2 = 0.13; n = 75; p = 0.007

Only significant values are shown (NS, not significant). Mechanism of injury was not a significant predictor variables for any response, and the 
response variable Maximal bilirubin concentration within 48 h after injury did not have any significant predictor. Numbers represent effect size 
with 95% confidence interval in parentheses. In models with more than one significant predictor variable, importance indices in brackets reflect 
the relative contributions of the individual predictors to the response variable. 

NISS, New Injury Severity Score; BE, Base Excess; ALT, alanine aminotransferase; AST, aspartate aminotransferase. p, significance 
probability; n, number of patients with complete data contributing to the model; R2, coefficient of multiple determination, estimating the 
proportion of variation in the response that can be attributed to the model rather than to random error.  
A single patient with an extreme outlier admission HMGB1 concentration (marked with an asterisk in Fig. 1–3) was excluded due to substantial 
influence on linear regression analyses. Explanations for the number of patients contributing to each model are given in Supplemental Digital 
Content 2.

SUPPLEMENTAL TABLE 4. Multivariable Linear Regression Analyses with Admission HMGB1


