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 26 
ABSTRACT 27 

 28 

Purpose: CD163, a scavenger receptor for haptoglobin-hemoglobin complexes, is almost exclusively expressed 29 

by monocytes and macrophages and is shedded (as sCD163) by inflammatory stimuli. Thus, high serum levels of 30 

sCD163 predicted mortality in certain inflammatory diseases. We investigated baseline levels, time course of 31 

sCD163 levels and CD163 gene expression in relation to mortality and clinical complications in a large 32 

heterogeneous cohort of critically ill patients. 33 

Methods: In this pre-planned secondary analysis of two randomized clinical studies, critically ill patients 34 

(n=1657) were randomized to “conventional” (insulin administered only for blood glucose levels above 215 35 

mg/dL) or “intensive” insulin therapy (glycemia maintained at 80-110 mg/dL) and compared with healthy 36 

controls (n=112). 37 

Results: Upon admission, critically ill patients had 1.6-fold higher sCD163 levels than controls (P<0.0001). 38 

Long-stay patients (ICU stay >5 days), non-survivors and patients who developed liver dysfunction or kidney 39 

injury had higher baseline sCD163 levels. In multivariable analyses, elevated baseline sCD163 levels were 40 

independently associated with ICU mortality, liver dysfunction, and time to discharge from ICU and hospital. 41 

sCD163 further increased during ICU stay in patients who developed organ dysfunction and in non-survivors. 42 

Avoiding hyperglycemia with insulin slightly reduced circulating sCD163 levels. Hepatic CD163 gene 43 

expression in patients was higher than in controls (p=0.002) and correlated positively with sCD163 levels 44 

(ρ=0.345, P<0.0001).  45 

Conclusions: This study hallmarks the association of elevated sCD163 with organ dysfunction and adverse 46 

outcome of critical illness and may point to the liver as a potential source.  47 

 48 
 49 

50 
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INTRODUCTION 56 

 57 

CD163 is a transmembrane glycoprotein scavenger receptor almost exclusively expressed by the monocyte–58 

macrophage cell lineage [1]. Its expression increases during the maturation of monocytes to macrophages, 59 

particularly to the M2 or “alternative activation” phenotype, which is induced by glucocorticoids, interleukin-6 60 

(IL-6) and IL-10 [2]. CD163 scavenges haemoglobin-haptoglobin complexes from the circulation and plays an 61 

important homeostatic role in the resolution of inflammation [3]. As such, membrane-bound CD163 may be 62 

protective in critical illness, where inflammation is a major contributor to morbidity and mortality [4]. 63 

Under inflammatory conditions, ectodomain shedding of the CD163 receptor can be induced by 64 

lipopolysaccharide (LPS) via Toll-like receptor-4 (TLR-4) activation, by immune complexes cross-linking Fcγ 65 

receptors and by oxidative stress mediators (e.g. advanced glycation end products) [5-7]. The physiological role 66 

of the soluble receptor (sCD163) remains hitherto unknown. It binds hemoglobin-haptoglobin complexes, but 67 

with much lower affinity than the anchored transmembrane receptor [8]. 68 

Serum sCD163 levels reflect macrophage activation and have shown to be substantially elevated in 69 

hemophagocytic syndromes [9], liver disease [10, 11] and bacteremia/sepsis [12-14]. Moderately elevated levels 70 

are seen in chronic and low-grade inflammatory states [15-20]. As recently reviewed, high sCD163 levels predict 71 

mortality in a number of diseases, including hemophagocytic syndromes, tuberculosis, chronic kidney disease, 72 

bacteremia, liver failure, and the systemic inflammatory response syndrome (SIRS) [21]. 73 

To date, the importance of serum sCD163 and the time course of sCD163 release in a broad population of 74 

critically ill patients with varying pathology in relation to organ failure and death remain unknown. In the 75 

present study, we describe the time course of sCD163 shedding in a mixed population of critically ill adults and 76 

assess its predictive value for adverse outcome, as well as its association with development of organ dysfunction. 77 

In addition, we put forward the question whether sCD163 may reflect infection rather than inflammation, for 78 

which we studied its relation with bacteremia as outcome variable of severe infection. We hypothesized that 79 

admission levels of sCD163 are associated with intensive care unit (ICU) outcome and are lowered by intensive 80 

insulin therapy targeting normoglycemia (IIT), which previously showed to exert anti-inflammatory effects [22-81 

24]. Finally, since CD163 is known to be up-regulated on liver macrophages during acute hepatitis [25], and 82 

circulating levels of sCD163 are highly increased in both hepatitis and liver failure [10], we further speculated 83 

that the liver macrophages may be an important source of sCD163 shedding, which could be up-regulated during 84 

critical illness. Therefore, we studied CD163 gene expression in liver biopsies. 85 

86 
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METHODS 87 

 88 

Patients 89 

This study is a sub-analysis of patients enrolled in two large prospective, randomized, controlled studies 90 

assessing the effect of maintenance of normoglycemia with insulin infusion (intensive insulin therapy, IIT) on 91 

outcome in a University Hospital surgical and medical ICU [22, 23]. The current substudy is an extension of the 92 

pre-planned investigation of potential anti-inflammatory properties of insulin therapy [24]. Strict glycemic 93 

control to 80-110 mg/dL (4.4-6.1 mmol/L) was compared with treatment of hyperglycemia only when rising 94 

above 215 mg/dL (conventional insulin therapy, CIT). We previously demonstrated that the effects of IIT on 95 

mortality and critical illness-associated complications were most pronounced in prolonged critically ill patients. 96 

Therefore, we decided to focus on these ‘long-stayers’ (ICU stay >5 days). However, to exclude selection bias, 97 

we also studied a randomly selected cohort of short-stay patients with comparable demographic characteristics 98 

and reason for ICU admission as these long-stay patients. The final study population hence consisted of 1657 99 

adult ICU patients (757 surgical and 900 medical ICU patients). Patients in the CIT and IIT groups were 100 

comparable for demographic characteristics (Table 1). Mean morning blood glucose levels were significantly 101 

lower in IIT (104±21 mg/dL) as compared with CIT patients (150±35 mg/dL, P<0.0001) for which higher doses 102 

of insulin were required (63 [41-89] versus 3 [0-31] IU/day, P<0.0001). We included a control group, consisting 103 

of healthy volunteers (n=112), matched for gender (P=0.3), age (P=0.6) and BMI (P=0.6) to the critically ill 104 

patients.  105 

Liver biopsies were harvested immediately postmortem from 131 deceased ICU patients (57 medical and 74 106 

surgical ICU patients) and compared with biopsies from 19 “healthy” patients undergoing major non-107 

complicated elective abdominal surgery for restorative rectal resection, matched for gender (P=0.9), age (P=0.1) 108 

and BMI (P=0.9) to the critically ill patients.  109 

Written informed consent was obtained from the volunteers, the patients or next-of-kin. The KU Leuven 110 

Institutional Review Board approved the protocols and consent forms (ML1094, ML1820, ML2707). The study 111 

has been performed in accordance with the 1964 Declaration of Helsinki and its later amendments. 112 

 113 

Biochemical analyses 114 

C-reactive protein (CRP) and markers of organ damage/dysfunction, including creatinine, total bilirubin, alanine 115 

aminotransferase (ALT), aspartate aminotransferase (AST), lactate dehydrogenase (LDH), and prothrombin time 116 
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(PT), were determined by routine clinical chemistry. Daily blood samples had been taken at 6 a.m. during the 117 

studies. After centrifugation, serum was kept frozen at -80°C until analysis. We quantified sCD163 levels in 118 

serum samples taken on day 1, 5, 10, 15 and on the last day of ICU stay (total no of samples 4,978) using an in-119 

house enzyme-linked immunosorbent assay, essentially as previously described [26, 27]. Briefly, rabbit anti-120 

CD163 (4 mg/L) was coated onto microtitre wells and plates transferred to a BEP-2000 enzyme-linked 121 

immunosorbent assay (ELISA)-analyzer (Dade Behring, Eschborn, Germany). Samples (diluted 1:101) were 122 

added in duplicates and incubated for 1.5 h at 37°C. Monoclonal anti-CD163 (GHI/61, 3 μg/mL) was then added 123 

for 1 h at 37°C, followed by incubation for 1 h at 37°C with horseradish peroxidase-labelled goat anti-mouse 124 

antibodies (0.125 μg/mL; Dako, Glostrup, Denmark). The plates were developed with tetramethylbenzidine 125 

(TMB) substrate solution (Kem-En-Tec, Taastrup, Denmark.). The assay was calibrated using serum traceable to 126 

purified human CD163, with the lowest calibrator being 6.25 µg/L. The inter-assay coefficient of variation on 127 

control samples included on each plate (181 runs) was 4.9 % at 1.36 mg/L and 5.8 % at 3.66 mg/L. 128 

CD163 mRNA expression was quantified by real-time PCR. Total RNA was isolated and purified from liver 129 

biopsies using Qiazol and the RNeasy mini RNA isolation kit (QIAGEN, Venlo, The Netherlands). Samples 130 

were treated with DNase to remove genomic DNA. One microgram of RNA was reverse-transcribed to cDNA 131 

using random hexamers. Real-time PCR was performed on the AB StepOnePlus (Applied Biosystems, Foster 132 

City, CA) with commercially available gene expression assays for CD163 (Hs00174705_m1) and hypoxanthine-133 

guanine phosphoribosyltransferase (HPRT, 4310890E) from Applied Biosystems. Data for CD163 are expressed 134 

normalized to HPRT expression as fold change compared to the median of controls. The presented data were not 135 

confounded by treatment with corticosteroids.  136 

 137 

Statistical analysis 138 

StatView 5.0.1 (SAS Institute Inc., Cary, NC), JMP9 (SAS) and MedCalc12.1.1 (MedCalc Software, 139 

Mariakerke, Belgium) were used for the statistical analyses. Data are presented as mean and standard deviation, 140 

median and interquartile range, or proportion and percentages, as appropriate. Variables with a normal 141 

distribution were analyzed with Student’s t-test, variables with a non-normal distribution with Mann-Whitney U 142 

or Kruskal-Wallis test, and proportions with the chi-square test. Associations between variables were calculated 143 

with Spearman’s correlation coefficient. Repeated-measures ANOVA was used to compare the time course of 144 

sCD163 in different subgroups. To further assess the significant univariable associations of baseline sCD163 145 

with ICU outcomes, independent of known risk factors, multivariable logistic regression analysis was performed. 146 
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The known classical baseline characteristics and risk factors (gender, age, BMI, history of diabetes or 147 

malignancy, medical versus surgical ICU, severity of illness, admission diagnosis, sepsis upon admission, 148 

baseline CRP and blood glucose level) were considered, together with the sCD163 serum level upon admission 149 

and the randomized intervention. Of this list, the non-collinear factors to enter into the regression models were 150 

first identified with stepwise mixed (backward and forward) fit analysis, with probability to leave or enter the fit 151 

model set at P≤0.250. To evaluate independent association of baseline sCD163 with duration of stay in ICU, 152 

Cox proportional hazard analysis was performed using the same parameters as described above. The non-153 

survivors were censored beyond the longest staying survivor hereby avoiding bias by competing risks [28]. 154 

Receiver-operating characteristic (ROC) curves for baseline levels of sCD163 and for C-reactive protein (CRP, 155 

another routinely measured inflammatory marker related to organ failure and mortality of critically ill patients 156 

[29-31]), in the prediction of ICU outcome were drawn for the outcomes significant in multivariable analyses 157 

and area under the curve (AUC) and corresponding 95% confidence intervals (CI) were calculated. ROC curves 158 

were compared with the method of DeLong et al [32] in Medcalc. Two-sided P values below 0.05 were 159 

considered significant. The study has a >85% power to demonstrate a 15% reduction in sCD163 on day 5 with 160 

IIT. 161 

162 
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RESULTS 163 

 164 

Association of baseline sCD163 levels with complications of critical illness 165 

Baseline sCD163 levels of critically ill patients (2.13 [1.33-4.27] mg/L) were higher than those of the control 166 

group (1.29 [0.94-1.78] mg/L, P<0.0001). In univariable analysis, long-stay patients showed higher baseline 167 

levels of sCD163 than short-stayers (P<0.0001). ICU non-survivors had significantly higher baseline sCD163 168 

levels than survivors (3.46 [1.87-8.82] mg/L vs 1.95 [1.24-3.49] mg/L, P<0.0001), irrespective of short- or long-169 

stay (Figure 1a). Similar differences were observed for hospital-mortality (data not shown). Patients with sepsis 170 

upon admission had higher sCD163 levels than those without sepsis (2.49 [1.48-4.90] mg/L vs 1.93 [1.25-3.69] 171 

mg/L, P<0.0001). However, no clear differences in baseline sCD163 levels were observed between patients who 172 

later developed bacteremia as compared to those who did not (Figure 1a). Both short- and long-stay patients who 173 

developed cholestatic liver dysfunction, defined as a peak plasma bilirubin exceeding 3 mg/dL [28], had higher 174 

baseline sCD163 levels than those who did not (Figure 1a). Similar associations were observed for several other 175 

serum markers of hepatic injury, including ALT, AST, LDH, and PT (all P<0.0001, data not shown). In the total 176 

patient population of our study, levels of baseline sCD163 were higher in patients who developed new kidney 177 

injury, defined as a doubling of baseline serum creatinine (2.27 [1.78-4.49] mg/L vs 2.09 [1.28-4.21] mg/L, 178 

P=0.0005). This effect appeared attributable to the higher levels in short-stay patients who developed kidney 179 

injury, since sCD163 levels in long-stay patients were comparable whether they developed new kidney injury or 180 

not (Figure 1a). 181 

In multivariable regression analysis correcting for all other baseline risk factors, elevated sCD163 levels on 182 

admission were independently associated with ICU mortality and occurrence of liver dysfunction, whereas such 183 

impact for new acute kidney injury was less clear (P=0.08, Table 2). Sensitivity analyses, in which we included 184 

each variable separately together with the baseline sCD163 level, confirmed the robustness of our models as 185 

none of the variables changed the odds ratio of sCD163 with more than 10% (data not shown). Likewise, in Cox 186 

proportional hazard analysis correcting for all baseline risk factors, high baseline sCD163 levels were 187 

independently associated with prolonged time to alive ICU and hospital discharge (Table 3). 188 

Baseline sCD163 and CRP levels weakly correlated (ρ=0.178, P<0.0001). Performance of baseline sCD163 189 

levels in prediction of ICU mortality, liver dysfunction and renal failure was compared with that of baseline CRP 190 

levels using ROC curve analysis. sCD163 was superior to CRP in the prediction of mortality (AUC of 0.68 191 
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(0.65-0.70) versus 0.57 (0.54-0.59), P<0.0001) and especially in the prediction of liver dysfunction (0.73 (0.70-192 

0.75) versus 0.54 (0.51-0.56), P<0.0001) (Figure 2).  193 

As it had been demonstrated previously that sCD163 lost its power in predicting survival after pneumococcal 194 

bacteremia when patients were older than 75 years [14], we performed similar analysis for this older subgroup. 195 

Patients older than 75 years (n=371, 22.4%) had slightly, non-significantly lower baseline levels of sCD163 196 

(2.01 [1.37-3.36] mg/L) than patients younger than 75 years (2.17 [1.30-4.63] mg/L, P=0.06). Nevertheless, in 197 

these older patients higher baseline sCD163 levels were still associated with ICU and hospital mortality, longer 198 

time in ICU and liver dysfunction, but not with new kidney failure or the acquisition of bacteremia (data not 199 

shown). 200 

 201 

Time course of sCD163 levels in the circulation and association with complications of critical illness 202 

Both in short- and long-stay patients, last day sCD163 levels were higher than the corresponding baseline levels 203 

(P<0.0001). In the long-stay patients sCD163 levels gradually increased over time from baseline to days 5, 10 204 

and 15 (data not shown). This rise in sCD163 with ICU stay was notably more pronounced in non-survivors than 205 

survivors, and in patients who developed cholestatic liver dysfunction or new kidney injury than in those who 206 

did not (Figure 1b), superimposed on the already elevated levels at baseline. In contrast, the time course of 207 

sCD163 levels throughout ICU stay was not different in patients who acquired bacteremia as compared to those 208 

who did not. 209 

 210 

Effect of intensive insulin therapy on sCD163 211 

Baseline sCD163 levels were comparable for patients in the CIT and IIT groups (Figure 3). IIT slightly blunted 212 

the further rise in sCD163 levels with time in ICU (Figure 3). The effect of IIT was only present among the 213 

survivors (e.g. sCD163 levels on day 5 3.81 [2.45-7.15] mg/L in CIT vs 3.42 [2.05-6.13] mg/L in IIT group, 214 

P=0.009) but not in non-survivors (e.g. sCD163 on day 5 6.48 [2.81-11.17] mg/L in CIT vs 5.93 [3.13-11.89] 215 

mg/L in IIT, P=0.92). 216 

 217 

CD163 gene expression 218 

The CD163 mRNA levels in liver samples harvested from (non-surviving) critically ill patients (1.93 (1.15-219 

3.50)), irrespective of insulin therapy, were approximately twice those of healthy controls (1.01 (0.58-1.38), 220 
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P=0.002) (Figure 4). sCD163 serum levels on the day of biopsy correlated with the respective gene expression 221 

levels (ρ=0.345, P<0.0001).  222 

 223 

 224 

225 
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DISCUSSION  226 

We demonstrated that elevated sCD163 levels are strongly associated with several adverse outcomes in a large, 227 

heterogeneous ICU patient population. sCD163 levels in critically ill patients were elevated above healthy 228 

control levels from baseline onwards and remained high until the last day in ICU. Especially patients who did 229 

not survive or patients who developed liver dysfunction or new kidney injury had higher baseline levels as 230 

compared to patients without such adverse outcomes. This was accentuated with a remarkably stronger further 231 

rise in sCD163 in these patients throughout ICU stay. Baseline elevated sCD163 was associated with ICU 232 

mortality and development of organ dysfunction, in particular liver dysfunction, even after correction for 233 

baseline risk factors and severity of illness. Likewise, such high levels appeared an independent risk factor for 234 

prolonged time to alive discharge from ICU and hospital. In contrast with previous findings for patients with 235 

pneumococcal sepsis [14], older age did not compromise the predictive power of sCD163 in this large, 236 

heterogeneous study population. Increased hepatic expression of CD163 may have contributed to the elevated 237 

levels of the soluble receptor in the circulation. Preventing hyperglycemia with intensive insulin therapy only 238 

slightly attenuated sCD163 levels, but did not affect hepatic CD163 gene expression studied in non-survivors. 239 

This effect is probably of minor clinical importance. 240 

In this large, unselected and heterogeneous patient population in the ICU, we observed a strong association 241 

between high sCD163 levels and lethal outcome. Indeed, baseline sCD163 levels were higher in non-survivors 242 

than in survivors and remained independently associated with mortality in multivariable analysis. sCD163 243 

performed better than CRP in ROC analysis, although the AUC was still relatively low. This confirmed the 244 

observations in small sets of selected patients, such as those with acute liver failure, in whom sCD163 levels 245 

were higher in non-survivors than survivors and, better than CRP, predicted fatal disease outcome [14, 34, 35]. 246 

Furthermore, sCD163 levels progressively increased with time in ICU, continuing to rise in non-survivors 247 

whereas they stabilized earlier in survivors. Such a gradual increase has also been observed in non-survivors of 248 

fulminant hepatic failure [10]. Elevated upon admission sCD163 levels were also independently associated with 249 

later development of liver dysfunction, whereas the relation with kidney dysfunction was less clear. Moreover, 250 

the same pattern of progressively increasing sCD163 with time in ICU was seen in patients who developed liver 251 

dysfunction or renal failure as opposed to patients without organ dysfunction, in whom the sCD163 levels 252 

stabilized. 253 

The relation between increased sCD163 and the development of liver dysfunction (increased bilirubin, ALT, 254 

AST, decreased PT) during critical illness is of particular interest. Kupffer cells, the liver macrophages, are 255 
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responsible for the initiation of the pro-inflammatory response after liver injury [35] and are involved in the 256 

pathogenesis of acute liver failure [35, 36]. CD163 is up-regulated on liver macrophages during acute hepatitis 257 

[25], and circulating levels of sCD163 are highly increased in both hepatitis and liver failure [10]. Quantitative 258 

mRNA analysis on post-mortem liver biopsies in the mixed population of critically ill patients of the present 259 

study showed that liver CD163 mRNA expression was highly up-regulated as compared to controls and 260 

correlated with circulating sCD163 levels. Therefore, the liver Kupffer cells likely are a source of sCD163 261 

during critical illness.  262 

CD163 is shed from Kupffer cells and other macrophages by protease activity. We recently showed that TNF-α-263 

converting enzyme (TACE, also known as ADAM17), which is responsible for the shedding of active TNF-α, 264 

also cleaves CD163 [38]. This suggests that common factors are responsible for part of the increase in both TNF-265 

α and sCD163 seen in inflammatory diseases. One such factor may be bacterial products such as LPS. 266 

Intravenous administration of LPS to healthy volunteers has been shown to induce a rapid increase in sCD163 as 267 

well as TNF-α in plasma via TLR-4-mediated activation of TACE [38, 39]. In this respect, sCD163 is a result of 268 

pro-inflammatory actions. However, the expression level of CD163 on the macrophages also influences the level 269 

of sCD163. Upon shedding, the macrophage expression of CD163 is quickly restored and even increased [39]. 270 

Furthermore, the expression level is strongly induced by anti-inflammatory cytokines like IL-10 [2]. These 271 

cytokines are part of counter-acting anti-inflammatory mechanisms that start the process of healing and repair 272 

[36]. The highest levels of sCD163 are therefore expected, and actually occur, in situations of overt counter-273 

regulatory processes that, for some reason, remain unable to dampen a strong pro-inflammatory response. 274 

Hemophagocytic syndrome, acute liver failure, and severe sepsis are type-examples of such situations [4, 9]. The 275 

membrane-bound CD163 receptor itself has anti-inflammatory properties through scavenging of plasma 276 

hemoglobin and products formed from breakdown of toxic heme [3, 36, 40, 41]. CD163 up-regulation to this end 277 

may be seen as a macrophage adaptation to inflammation, stimulating counter-regulatory processes [4]. In sepsis, 278 

Kupffer cells along with bone marrow macrophages have been shown to strongly express CD163 and to be 279 

hemophagocytic, actively ingesting erythrocytes and other blood cells [4]. Furthermore, a post-mortem study of 280 

critically ill patients showed macrophage hemophagocytosis in the bone marrow of 65% of cases independent of 281 

the underlying disease [42]. 282 

Patients with an upon-admission sepsis diagnosis presented with higher baseline sCD163 levels than those 283 

without sepsis, but baseline levels of sCD163 were not associated with subsequent acquisition of bacteremia. 284 

This further points to sCD163 being a marker of inflammation rather than of infection. These data are in 285 
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agreement with previous findings in which sCD163 was not able to discriminate between infected and non-286 

infected patients and performed poorer than CRP as an infection marker [43, 44].  287 

Sustained inflammation can lead to renal failure (as part of the multiple organ dysfunction syndrome) and, vice 288 

versa, renal failure fuels the inflammatory response [45-47]. It is therefore not surprising that sCD163 in our 289 

study kept increasing in patients who developed kidney dysfunction. Increased levels of sCD163 have previously 290 

been reported for chronic kidney disease [48]. Elevated sCD163 related to increased mortality, but was not 291 

associated with glomerular filtration rate suggesting that decreased removal by the kidney is not the cause of the 292 

increasing serum levels. This is also supported by the large size (130 kDa) of sCD163, which speaks against 293 

removal by the kidneys or filtering during dialysis. However, in states of acute kidney injury a fraction of 294 

sCD163 may be excreted in the urine, as recently described [49], but this would rather tend to lower serum 295 

sCD163. A large part of sCD163 may be removed by the macrophages themselves, e.g. by mechanisms 296 

involving weak binding of sCD163 to haptoglobin-hemoglobin-complexes [8]. However, if a fraction of sCD163 297 

is cleared directly by the hepatocytes, it is a possibility that decreasing liver function with decreased plasma 298 

clearance may also add to the increasing sCD163 levels seen in these patients. To date, very little is known about 299 

how sCD163 is cleared from the circulation. 300 

Like patients with diabetes, critically ill patients develop hyperglycemia and insulin resistance, as part of the 301 

stress response [50]. Hyperglycemia further stimulates oxidative stress and promotes inflammation [51]. 302 

Avoiding hyperglycemia with intensive insulin therapy may improve survival of critically ill patients, reduce 303 

organ failure and attenuate the inflammatory response [22-24, 52]. As hypothesized, intensive insulin therapy 304 

reduced, albeit modestly, sCD163 levels after a few days of treatment, consistent with attenuation of 305 

inflammation.  306 

It has to be emphasized that this study only shows associations without providing evidence for possible causal 307 

mechanisms. Notwithstanding this limitation, this study adds support to the role of sCD163 as a risk factor for 308 

poor outcome in different inflammatory states and possibly as a marker of disease severity in critical illness. 309 

More research, however, is needed to improve our insight in the physiology and time course of sCD163 release 310 

and relation with inflammation, hyperglycemia, development of organ damage and fatal outcome in critical 311 

illness. 312 

 313 

314 
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 315 
CONCLUSIONS 316 

Circulating sCD163 levels are elevated during critical illness with the liver likely being a source. This study 317 

highlighted the association of high sCD163 levels with organ damage and mortality in critical illness and thus 318 

adds to the growing evidence showing increased sCD163 to be an important risk factor in various diseases. 319 

Maintaining normoglycemia with insulin therapy slightly lowered sCD163 levels, which underscores the anti-320 

inflammatory effects of the therapy. 321 

 322 

 323 

324 
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APPENDIX  325 

LIST OF ABBREVIATIONS 326 

ADAM17: a disintegrin and metalloprotease domain 17, ALT: alanine aminotransferase, AST: aspartate 327 

aminotransferase, AUC: area under the curve, BMI: body mass index, CI: confidence interval, CIT: conventional 328 

insulin therapy, CRP: C-reactive protein, HPRT: hypoxanthine-guanine phosphoribosyltransferase, ICU: 329 

intensive care unit, IIT: intensive insulin therapy, IQR: interquartile range, LDH: lactate dehydrogenase, LPS: 330 

lipopolysaccharide, PT: prothrombin time, ROC: receiver operating characteristic curve, SIRS: systemic 331 

inflammatory response syndrome, SD: standard deviation, TACE: TNF-α converting enzyme, TLR: Toll-like 332 

receptor, TNF-α: tumor-necrosis factor α. 333 
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TABLES 477 

 478 

Table 1: Characteristics of the patients 479 

 CIT (n=841) IIT (n=816) P 

Baseline characteristics 
   

Demography and anthropometry    
     Gender (male) (no., %) 553 (66) 532 (65) 0.8 
     Age (yr) (mean ± SD) 62.8 ± 15.8 62.7 ± 15.7 0.7 
     BMI (kg/m2) (mean ± SD) 24.9 ± 5.2 25.4 ± 5.2 0.03 
Medical history    
     Diabetes (no., %) 116 (14) 108 (13) 0.7 
     Malignancy (no., %) 210 (25) 213 (26) 0.6 
Underlying illness    
     Medical ICU/surgical ICU (no., %) 455/386 (54/46) 445/371 (55/45) 0.9 
     Diagnostic categories (no.) a    
          Cardiovascular 172 170 0.8 
          Abdominal 148 127 0.3 
          Respiratory 277 286 0.4 
          Other 244 233 0.8 
     TISS-28 (mean ± SD) 34 (9) 34 (9) 0.4 
     Sepsis upon admission (no., %) b 387 (46) 405 (50) 0.1 
     CRP upon admission (mg/dL) (median – IQR) 113 [52-215] 116 [52-211] 0.8 
Blood glucose upon admission (mg/dL) (mean ± SD) 155 ± 60 154 ± 60 0.6 
    
Outcome    
ICU mortality (no., %) 200 (24) 149 (18) 0.006 
Days in ICU (median - IQR) 7 [3-16] 7 [3-14] 0.03 
New kidney injury (baseline creatinine * 2) (no., %) 97 (12) 50 (6) <0.0001 
Hyperbilirubinemia (peak >3 mg/dL) (no., %) 225 (27) 189 (23) 0.09 
Bacteremia (no., %) 101 (12) 75 (9) 0.06 

 480 

CIT: conventional insulin therapy, IIT: intensive insulin therapy, CRP: C-reactive protein, TISS-28: 481 

Therapeutic Intervention Scoring System, 1 mg/dL glucose = (1/18) mmol/L. a Diagnostic categories 482 

according to primary failing organ system. Cardiovascular: Cardiac disease, cardiac or complicated aortic 483 

surgery; Abdominal: gastrointestinal disease or hepatic disease, complicated abdominal surgery or 484 

peritonitis; Respiratory: respiratory disease, complications of pulmonary or esophageal surgery. b Sepsis 485 

upon admission criteria per definition could not be applied for trauma patients and patients who underwent 486 

cardiac surgery (164 patients from the conventional and 149 from the intensive insulin therapy group were 487 

hence excluded); percentages are expressed relative to all patients.  488 

489 

 21 



Table 2: Multivariable analyses with baseline sCD163 levels in relation to outcome 490 

 Odds ratio (95% confidence interval) P 

1. ICU mortality   
Baseline sCD163 level (per mg/l added) 1.080 (1.051-1.109) <0.0001 
Age (per year added) 1.011 (1.002-1.021) 0.02 
BMI (per kg/m2 added) 0.962 (0.935-0.989) 0.006 
APACHE (per unit added) 1.063 (1.048-1.079) <0.0001 
History of malignancy 1.769 (1.322-2.369) <0.0001 
Diagnostic group : cardiovascular 1.717 (1.014-2.908) 0.04 
Diagnostic group : respiratory  1.904 (1.242-2.921) 0.003 
Diagnostic group : other 2.071 (1.342-3.197) 0.001 
Sepsis on admission 1.365 (1.035-1.801) 0.03 
Randomization to IIT 0.667 (0.511-0.869) 0.003 
Admission blood glucose (per mg/dl added) 1.003 (1.001-1.005) 0.01 
   
2. Cholestatic liver dysfunction   
Baseline sCD163 level (per mg/l added) 1.184 (1.144-1.225) <0.0001 
Age (per year added) 0.988 (0.979-0.996) 0.005 
APACHE (per unit added) 1.042 (1.024-1.060) <0.0001 
History of diabetes 1.621 (1.084-2.423) 0.02 
Diagnostic group : cardiovascular 0.667 (0.441-1.008) 0.05 
Diagnostic group : respiratory  0.201 (0.135-0.300) <0.0001 
Diagnostic group : other 0.507 (0.356-0.722) 0.0002 
Sepsis on admission 1.436 (1.097-1.880) 0.008 
Randomization to IIT 0.837 (0.650-1.077) 0.2 
Admitted to surgical ICU 2.143 (1.468-3.130)  <0.0001 
   
3. New kidney injury   
Baseline sCD163 level (per mg/l added) 1.028 (0.999-1.059) 0.06 
Diagnostic group : cardiovascular 3.839 (1.851-7.964) 0.0003 
Diagnostic group : respiratory  2.059 (1.079-3.928) 0.03 
Diagnostic group : other 1.624 (0.833-3.168) 0.2 
Sepsis on admission 1.514 (1.003-2.285) 0.05 
Randomization to IIT 0.545 (0.368-0.807) 0.002 
Admission blood glucose (per mg/dl added) 1.002 (1.000-1.005) 0.08 
Baseline CRP (per mg/ml added) 1.002 (1.000-1.003) 0.08 
   
 491 

Odds ratios and 95% confidence intervals are shown after correction for classical baseline 492 

characteristics and risk factors, as well as the randomized intervention. All classical baseline 493 

characteristics and risk factors were considered (gender, age, BMI, history of diabetes, history of 494 

malignancy, admission to medical or surgical ICU, severity of illness as evaluated by the APACHE-II 495 

score, admission diagnosis, sepsis upon admission, admission CRP level, admission glucose level). 496 

The actual variables to be entered in the model were identified with stepwise mixed fit analysis. The 497 
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variables that were not maintained for entering into the model are not listed. For the diagnostic groups, 498 

comparisons were made with the abdominal group. 499 

500 
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Table 3: Cox proportional hazard analysis for association of baseline sCD163 with time in ICU 501 

 Hazard ratio (95% confidence interval) P 

1. Time to discharge from ICU   
Baseline sCD163 level (per mg/l added) 0.946 (0.930-0.962) <0.0001 
Gender (male) 1.054 (0.930-1.194) 0.4 
Age (per year added) 0.998 (0.994-1.002) 0.4 
BMI (per kg/m2 added) 1.004 (0.992-1.016) 0.6 
APACHE (per unit added) 0.970 (0.962-0.978) <0.0001 
History of diabetes  1.188 (0.991-1.425) 0.06 
History of malignancy  0.899 (0.778-1.038) 0.1 
Diagnostic group : cardiovascular 0.775 (0.621-0.967) 0.02 
Diagnostic group : respiratory 0.721 (0.602-0.864) 0.0004 
Diagnostic group : other 0.696 (0.581-0.833) <0.0001 
Sepsis on admission  0.825 (0.727-0.936) 0.003 
Randomization to IIT 1.181 (1.048-1.330) 0.06 
Admitted to surgical ICU 0.842 (0.715-0.990) 0.04 
Admission blood glucose (per mg/dl added) 0.999 (0.998-1.000) 0.03 
Baseline CRP (per mg/ml added) 0.999 (0.998-0.999) 0.0002 
   
2. Time to discharge from hospital   
Baseline sCD163 level (per mg/l added) 0.942 (0.924-0.961) <0.0001 
Gender (male) 1.101 (0.961-1.260) 0.2 
Age (per year added) 0.992 (0.988-0.996) 0.0002 
BMI (per kg/m2 added) 1.015 (1.002-1.027) 0.02 
APACHE (per unit added) 0.963 (0.954-0.972) <0.0001 
History of diabetes  1.131 (0.929-1.376) 0.2 
History of malignancy  0.793 (0.677-0.929) 0.004 
Diagnostic group : cardiovascular 0.936 (0.738-1.186) 0.6 
Diagnostic group : respiratory 0.802 (0.660-0.975) 0.03 
Diagnostic group : other 0.694 (0.571-0.844) 0.0003 
Sepsis on admission  0.891 (0.778-1.021) 0.1 
Randomization to IIT 1.198 (1.054-1.361) 0.006 
Admitted to surgical ICU 1.029 (0.863-1.225) 0.8 
Admission blood glucose (per mg/dl added) 0.999 (0.998-1.000) 0.03 
Baseline CRP (per mg/ml added) 0.999 (0.999-1.000) 0.01 
   
 502 

Hazard ratios and 95% confidence intervals are shown after correction for classical baseline 503 

characteristics and risk factors, as well as for the randomized intervention. A hazard ratio below 1 504 
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indicates a decreased likelihood of earlier discharge alive from the ICU or the hospital at any time. 505 

Hence, higher sCD163 levels increase the risk of an extended stay in ICU or hospital. 506 

507 
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 508 
FIGURE LEGENDS 509 

 510 

Fig. 1 sCD163 levels in relation to mortality, bacteremia and organ dysfunction 511 

a. Baseline sCD163 levels are shown for short- and long-stay patients who died in ICU, patients who 512 

acquired bacteremia, and patients who developed cholestatic liver dysfunction or new kidney injury 513 

versus those who did not. Data are expressed as box plots, where the central lines indicate the 514 

medians, the boxes the interquartile ranges and the whiskers the 10th and 90th percentiles. b. Time 515 

profiles of sCD163 are shown for short- and long-stay patients who died in ICU, patients who 516 

acquired bacteremia, and patients who developed cholestatic liver dysfunction or new kidney injury 517 

versus those who did not. They are presented as mean ± standard error of the change from baseline for 518 

last ICU day (LD) levels of short-stay patients and day 5, day 10, day 15 and last ICU day for long-519 

stay patients. P-values were calculated by repeated measures ANOVA with baseline and last day 520 

levels for short-stay patients and with baseline, day 5 and last day levels for long-stay patients (as 521 

change from baseline). Numbers of the patients analyzed are shown below the graphs.  522 

 523 

Fig. 2 ROC curves for prediction of mortality and cholestatic liver dysfunction with baseline sCD163 524 

versus CRP 525 

ROC curves are shown with black lines and the corresponding 95% CIs with grey lines. The optimal 526 

cut-offs for prediction by baseline sCD163 of mortality and liver dysfunction with corresponding 527 

sensitivity and specificity are sCD163>2.515 mg/L, 63.9%, 63.0% and sCD163>3.75 mg/L, 55.1%, 528 

81.2%, respectively. For baseline CRP this is CRP>102.1 mg/L, 64.7%, 49.4% and CRP>129.7 mg/L, 529 

52.0%, 55.0%, respectively. 530 

 531 

Fig. 3 Impact of strict blood glucose control with insulin therapy during ICU stay on sCD163 levels 532 

Data are shown at baseline and on the last day in ICU for short-stay patients and at baseline, day 5, 533 

day 15 and last day in ICU for long-stay patients. They are expressed as box plots, where the central 534 
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lines indicate the medians, the boxes the interquartile ranges and the whiskers the 10th and 90th 535 

percentiles. 536 

 537 

Fig. 4 Impact of critical illness and intensive insulin therapy on hepatic gene expression of CD163 538 

Relative mRNA levels of CD163 are shown as box plots, where the central lines indicate the medians, 539 

the boxes the interquartile ranges and the whiskers the 10th and 90th percentiles. 540 

 541 
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