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Abstract
Objectives: To investigate whether admission hyperglycemia is associated with the 
presentation and/or outcome of sepsis, what the influence of hyperglycemia is on key host 
responses to sepsis, and whether hyperglycemia differentially affects patients with diabetes 
mellitus. 
Design and Setting: A substudy of a prospective observational cohort study was conducted 
in the intensive care of two tertiary hospitals between January 2011 and July 2013.
Patients: Of all consecutive critically ill sepsis patients admission glucose was used to stratify 
patients in euglycemia (71-140 mg/dL), mild hyperglycemia (141-199 mg/dL), and severe 
hyperglycemia (≥200 mg/dL), and patients with hypoglycemia were excluded. Fifteen plasma 
biomarkers providing insight in key host responses implicated in sepsis pathogenesis were 
measured on admission.
Measurements and Main Results: Of 985 sepsis patients with admission glucose levels 
greater than 70 mg/dL, 519 (52.6%) had normal glucose levels, 267 (27.1%) had mild and 
199 (20.2%) severe hyperglycemia. Admission hyperglycemia was accompanied by mitigated 
alterations in plasma host response biomarker levels indicative of activation of the cytokine 
network, the vascular endothelium, and the coagulation system in patients without a history 
of diabetes. Severe, but not mild, admission hyperglycemia was associated with increased 
30-day mortality (adjusted hazard ratio 1.66 [95% confidence intervals (CI) 1.24-2.23]), in both 
patients without diabetes (adjusted hazard ratio 1.65 [95% CI 1.12-2.42]) and with diabetes 
(adjusted hazard ratio 1.91 [95% CI 1.01-3.62]). 
Conclusion: Admission hyperglycemia is associated with adverse outcome of sepsis 
irrespective of the presence or absence of preexisting diabetes by a mechanism unrelated to 
exaggerated inflammation or coagulation. 



ADMISSION HYPERGLYCEMIA IN CRITICALLY ILL SEPSIS PATIENTS: ASSOCIATION  
WITH OUTCOME AND HOST RESPONSE

157

Ch
ap

te
r 6

Introduction
Hyperglycemia is common and often multifactorial in critically ill patients. Severe 
hyperglycemia can result in endothelial dysfunction, cytokine release, platelet activation, 
mitochondrial dysfunction and electrolyte and acid base disturbances1 and has been 
associated with an adverse outcome in a variety of settings in patients without a history of 
diabetes; this association has not been demonstrated in diabetes patients2-6. In patients with 
sepsis, hyperglycemia is common and related to disease severity7. Several studies reported an 
association between high glucose levels during hospital or ICU stay and mortality in critically 
ill patients in general5,8-10 and in sepsis patients in particular2,11-15. However, investigations 
on the impact of admission hyperglycemia on sepsis outcome are scarce, especially in the 
context of severe disease requiring ICU admittance. Knowledge of whether hyperglycemia 
adversely affects the host response during sepsis in ICU patients is limited. 
We performed a prospective observational study in 985 consecutive sepsis patients 
admitted to the ICU, with the following objectives: (1) to investigate the association between 
hyperglycemia on ICU admission and the presentation and/or outcome of sepsis, (2) to 
provide insight in the effect of admission hyperglycemia on key host responses implicated in 
the pathogenesis of sepsis, and (3) to determine whether the association between admission 
hyperglycemia and sepsis outcome and host response is influenced by a history of diabetes. 

Research design, materials and methods 

Study design, setting and patient identification 
This study was conducted as a sub-study of the “Molecular Diagnosis and Risk Stratification 
of Sepsis” (MARS) project, a prospective observational cohort study in mixed ICUs of two 
tertiary teaching hospitals (Academic Medical Center in Amsterdam and University Medical 
Center in Utrecht) (ClinicalTrials.gov identifier NCT01905033)16. All patients above 18 years 
of age with an expected length of stay longer than 24 hours were included via an opt-out 
method approved by the medical ethical committees of both hospitals. For every admitted 
patient, the plausibility of an infection was retrospectively assessed using a four-point scale 
(ascending from none, possible, probable to definite) using Center for Disease Control and 
Prevention17 and International Sepsis Forum consensus definitions18, using all clinical, 
radiological and microbiological data16. Interobserver agreement was excellent, and in case 
of doubt consensus was reached by team decision16. For the current analysis, all consecutive 
patients admitted between January 2011 and July 2013 with sepsis diagnosed within 
24 hours after ICU admission and defined as the presence of infection with a probable or 
definite likelihood, accompanied by at least one additional variable as described in the 2001 
International Sepsis Definitions Conference19, were included. Patients transferred from other 
ICUs, readmitted to the same ICU, or admitted with primary or secondary Acute Physiolofy 
and Chronic Health Evaluation IV admission diagnosis of diabetic ketoacidosis were excluded. 
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A preliminary analysis of the current data was presented during the International Symposium 
on Intensive Care and Emergency Medicine 201520. 

Variables 
The first glucose measurement within a time window of 4 hours before and up to 4 hours 
after ICU admission was used as admission glucose and categorized in euglycemia (71-140 
mg/dL, 3.9-7.8 mmol/L), mild hyperglycemia (141-199 mg/dL, 7.9-11.0 mmol/L) or severe 
hyperglycemia (≥200 mg/dL, ≥11.1 mmol/L). Organ failures and comorbidities were defined 
as described in the Supplement. Physiological measurements, vital signs and severity 
scores (including Sequential Organ Failure Assessment (SOFA) scores) were conducted daily. 
Diabetes mellitus was defined as a known history of type 1 or type 2 diabetes prior to ICU 
admission or by the use of oral antidiabetic medication or insulin as chronic medication. 

Sample collection and assays 
See the Supplement.
 
Statistical analysis
All categorical variables are presented as numbers (percentages), parametric quantitative 
variables as means ± standard deviation (SD), and nonparametric quantitative variables as 
median and interquartile ranges (IQRs). A Mann-Whitney U or a Kruskal-Wallis test was used 
to analyze continuous nonparametric data; continuous parametric data were analyzed using 
a student’s t test or analysis of variance when appropriate. Categorical data were analyzed by 
chi-square test. In case of overall statistical significance, post hoc testing was performed using 
a Dunn's test of multiple comparisons using rank sums. A multivariable Cox proportional 
hazard model was used to determine the association of admission hyperglycemia with 
mortality by day 30. The covariates univariately associated with 30-day mortality; age, body 
mass index (BMI), modified Charlson comorbidity index21 (without the effect of diabetes or 
age), and shock on ICU admission were used in this model. Biomarker data were analyzed as 
described in the Supplement. All data were analyzed using R version 3.0.2 (Vienna, Austria). P 
< 0.05 was considered to indicate statistical significance.

Results 

Patients
The study encompassed 1483 ICU admissions for sepsis with a probable or definite 
infection likelihood (eFigure 1 in the Supplement). In total, 250 admissions (16.9%) were 
readmissions, 164 patients (11.1%) were transferred from other ICUs and two admissions 
were for ketoacidosis. Of the remaining 1067 patients, the first glucose measurement of 1045 
patients (97.9%) was conducted within the time window of 4 hours prior and 4 hours after 
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ICU admission; of these, 60 patients had an admission glucose level ≤ 70 mg/dL. The median 
time of the first glucose measurement was -1 hour [IQR -2 – 0h] relative to ICU admission.  
Of all sepsis patients with an admission glucose level greater than 70 mg/dL, half was 
euglycemic (519 patients, 52.7%), and 267 patients (27.1%) were admitted with mild (141-199 
mg/dL) and 199 (20.2%) with severe hyperglycemia (≥200 mg/dL). Patients with mild and 
severe hyperglycemia were older than patients with normal blood glucose levels (Dunn’s 
post hoc P < 0.01 and P <0.01 respectively), had higher BMI’s (Dunn’s post hoc P < 0.01 and 
P <0.01 respectively), and had more chronic comorbidities (Table 1). A medical history of 
diabetes increased in patients admitted with higher glucose levels on ICU admission (10.8% 
in euglycemia versus 21.0% in mild and 53.7% in severe hyperglycemia, post hoc P <0.01 for 
all comparisons). In 25.0% of patients without known diabetes HbA1C levels were available. 
In this subgroup, the majority of patients had normal HbA1C levels (<6.5%); in patients with 
abnormal HbA1C levels according to World Health Organization criteria22, HbA1C was only 
modestly elevated (eTable 1 in the Supplement), indicating that some of these patients 
already may have had unrecognized mild diabetes prior to ICU admission.

Table 1: Baseline characteristics of patients admitted with sepsis stratified according to admission 
glucose levels.

All patients Euglycemia Mild hyper-
glycemia

Severe hy-
perglycemia

Overall
P value 

Patients 985 519 (52.7%) 267 (27.1%) 199 (20.2%)

Demographics

Age, mean (SD) 61.7 (14.6) 59.8 (15.7) 63.3 (13.0)* 64.3 (12.9)* 0.0001

Gender, male (%) 600 (60.9%) 309 (59.5%) 165 (61.8%) 126 (63.3%) 0.62

Body mass index, mean (SD) 26.1 (6.3) 25.4 (6.4) 26.8 (6.0)* 26.9 (6.2)* <0.01

Race, white (%) 870 (88.3%) 455 (87.7%) 240 (89.9%) 175 (87.9%) 0.86

Admission type, medical (%) 722 (73.3%) 348 (67.1%) 203 (76.0%)* 171 (85.9%)*, † <0.001

Chronic comorbidity

None 247 (25.1%) 147 (28.3%) 66 (24.7%) 34 (17.1%)* 0.01

Cardiovascular compromise 243 (24.7%) 113 (21.8%) 63 (23.6%) 67 (33.7%)*,† <0.01

COPD 146 (14.8%) 65 (12.5%) 49 (18.4%) 32 (16.1%) 0.09

Diabetes 218 (22.1%) 56 (10.8%) 56 (21.0%)* 106 (53.3%)*,† <0.001

Hypertension 316 (32.1%) 151 (29.1%) 86 (32.2%) 79 (39.7%)* 0.03

Immunocompromise 248 (25.2%) 126 (24.3%) 65 (24.3%) 57 (28.6%) 0.44

Malignancy 251 (25.5%) 142 (27.4%) 59 (21.1%) 50 (25.1%) 0.28

Renal insufficiency 147 (14.9%) 76 (14.6%) 30 (11.2%) 41 (20.6%)† 0.02

Respiratory insufficiency 174 (17.7%) 76 (14.6%) 57 (21.3%) 41 (20.6%) 0.03

Charlson comorbidity index 4 [3-6] 4 [2-6] 4 [3-6]* 5 [3-7]*,† <0.0001
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All patients Euglycemia Mild hyper-
glycemia

Severe hy-
perglycemia

Overall
P value 

Patients 985 519 (52.7%) 267 (27.1%) 199 (20.2%)

Severity of disease on admission

SOFA score, median [IQR] 7 [5-9] 7 [5-10] 7 [4-9] 7 [5-9] 0.07

Organ failure (%) 827 (84.0%) 433 (83.4%) 227 (85.0%) 167 (83.9%) 0.97

Shock (%) 321 (32.9%) 190 (36.6%) 72 (27.0%)* 59 (29.4%) 0.02

Acute kidney injury (%) 352 (35.7%) 191 (36.8%) 81 (30.3%) 80 (40.2%) 0.07

Acute lung injury (%) 244 (24.8%) 120 (23.1%) 70 (26.2%) 54 (27.1%) 0.45

Course

Length of stay, median days [IQR] 4 [2-10] 4 [2-10] 5 [2-9] 4 [2-10] 0.46

ICU-acquired complications (%)

None 810 (82.0%) 429 (82.7%) 223 (84.0%) 156 (78.4%) 0.29

Acute kidney injury 86 (8.7%) 36 (6.9%) 24 (9.0%) 26 (13.1%)* 0.03

Acute lung injury 45 (4.6%) 26 (5.0%) 10 (3.7%) 9 (4.5%) 0.72

ICU-acquired infection 95 (9.6%) 57 (11.0%) 20 (7.5%) 18 (9.0%) 0.29

Acute myocardial infarction 10 (1.0%) 2 (0.4%) 2 (0.7%) 6 (3.0%)*,† 0.01

Outcome

ICU mortality (%) 196 (19.9%) 92 (17.7%) 53 (19.9%) 51 (25.6%) 0.06

Hospital mortality (%) 303 (30.8%) 156 (30.1%) 72 (27.0%) 75 (37.7%)† 0.04

30 day mortality (%)a 267a (27.1%) 126 (24.3%) 65 (24.3%) 76 (38.2%)*,† <0.001

*P<0.05 versus euglycemia using a Dunn’s Test of Multiple Comparisons Using Rank Sums.
† P<0.05 versus mild hyperglycemia using a Dunn’s Test of Multiple Comparisons Using Rank Sums.
a 11 patients were lost to follow up for 30 day mortality.
Overall p values are p values generated to identify differences between the three groups by using an analysis of 
variance, a Kruskal-Wallis or a chi square test).
Abbreviations: COPD, chronic obstructive pulmonary disease; SOFA sequential organ failure assessment.

At baseline the proportion of patients with organ failure was similar in the three groups (Table 
1), irrespective of the presence of preexisting diabetes (eTable 2 in the Supplement). Shock on 
ICU admission was significantly more present in patients admitted with normal glucose levels 
compared to patients with mild hyperglycemia (post hoc P < 0.01; Table 1); this association 
was only present in patients without a history of diabetes (eTable 2 in the Supplement). 

Source of infection and causative organisms 
Admission diagnoses were largely similar between groups, except for abdominal sepsis, which 
was more prevalent in patients with normal glucose levels, and aspiration pneumonia, which 
was more prevalent in patients with severe hyperglycemia (eTable 3 in the Supplement). 
The distribution of causative pathogens was not different between groups (eTable 3 in 
the Supplement).
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Sepsis course and outcome
ICU lengths of stay were similar between groups (Table 1), and preexisting diabetes had 
no impact hereon (eTable 4 in the Supplement). Patients with severe hyperglycemia were 
more susceptible to develop acute kidney injury and acute myocardial infarction while 
on the ICU compared to patients with normal blood glucose levels at ICU admission (post 
hoc P = 0.02 and P <0.01 respectively) (Table 1). The association between severe admission 
hyperglycemia and acute kidney injury and acute myocardial infarction was only present in 
patients without a history of diabetes (eTable 4 in the Supplement). Diabetic patients with 
severe hyperglycemia less often developed acute lung injury (post hoc P < 0.01; eTable 4 in 
the Supplement).  
Crude 30-day mortality was significantly higher in patients with severe hyperglycemia 
compared to euglycemic patients; mild hyperglycemia was not associated with increased 
mortality at day 30 (Table 1 and Figure 1). In a multivariable Cox regression analysis, patients 
with severe, but not mild, hyperglycemia showed an increased risk for mortality by day 30 
compared to patients with euglycemia (hazard ratio’s (HR) with 95% confidence intervals 
(CI) 1.66 [1.24-2.23] for severe hyperglycemia versus euglycemia, and 1.07 [95% CI 0.79-1.45] 
for mild hyperglycemia versus euglycemia). In total, 41 cases (4.2%) were excluded from this 
analysis because of missing BMI data. The negative effect of severe admission hyperglycemia 
on 30-day mortality was present in both patients without and with known diabetes (e Figure 
2 in the Supplement; HR 1.91 [95% CI 1.01-3.62] in patients without known diabetes and 1.65 
[95% CI 1.12-2.42] with known diabetes). Consistent with previous reports23-29, pre-existing 
diabetes per se (i.e., irrespective of admission glucose levels) did not influence crude 30-day 
mortality (30.3% versus 26.2% in patients without known diabetes, P = 0.27).

Figure 1: Thirty-day Kaplan Meier survival plots of sepsis patients stratified according to 
admission glucose levels.
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A recent study has suggested that stress hyperlactatemia modifies the relationship between 
hyperglycemia and mortality in critically ill patients30. In our cohort, lactate was measured 
during the first 24 hours after ICU admission in 79.0% of all patients (78.9% of diabetes patients 
and 79.0% of patients without known diabetes). When corrected for the highest lactate in the 
first 24 hours, hyperglycemia remained significantly associated with increased mortality in 
the overall cohort (HR 1.52 [95% CI 1.10-2.10]) and in diabetes patients (HR 2.27 [95% CI 1.13-
4.61]), whereas in patients without diabetes hyperglycemia was no longer associated with 
mortality (HR 1.43 [95% CI 0.94-2.18]). In a second subgroup analysis including only patients 
without a medical history of malignancy (n = 733, of whom 164 with known diabetes and 
569 without known diabetes), severe hyperglycemia was associated with increased 30-day 
mortality in all patients (HR 1.55 [95% CI 1.08-2.22]) and in patients without known diabetes 
(HR 1.63 [95% CI 1.03-2.58]); in patients with known diabetes, however, this association was 
not significant (HR 1.42 [ 95% CI 0.68-2.95]). 

Host response
As expected31, sepsis patients displayed an increased acute phase protein response 
(elevated plasma C-reactive protein (CRP)) (Figure 2), and a profound activation of the 
cytokine network (elevated plasma interleukin (IL)-6, IL-8 and IL-10) (Figure 2), the vascular 
endothelium (elevated plasma soluble E-selectin, soluble intracellular adhesion molecule  
(ICAM)-1 and angiopoietin-2, and reduced angiopoietin-1) (Figure 3), and the coagulation 
system (elevated D-dimer, reduced protein C and antithrombin) (Figure 4). Remarkably, in 
patients admitted with hyperglycemia, most of these characteristic sepsis responses were 
attenuated. Specifically, relative to euglycemia, mild hyperglycemia was associated with 
diminished increases in IL-6, IL-8 and IL-10, and a blunted decline in protein C, whereas severe 
hyperglycemia was associated with attenuated rises in CRP and IL-6 and a reduced drop in 
antithrombin and protein C. The effect of hyperglycemia on these host response biomarkers 
was only present in patients without a known history of diabetes. Tumor necrosis factor-α, 
interferon-γ, IL-1β and IL-13 were undetectable or very low and not different between groups 
(data not shown).
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Figure 2. Acute phase response and cytokine levels in sepsis patients on ICU admission stratified 
according to glucose levels.  

Data are expressed as box-and-whisker diagrams depicting the median and lower quartile, upper quartile and 
their respective 1.5IQR as whiskers (as specified by Tukey). Dotted lines indicate median values obtained in 27 
healthy aged matched subjects. DM; diabetes mellitus. CRP; C-reactive protein. IL; interleukin 
* P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001. 
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Figure 3. Endothelial cell activation markers in sepsis patients on ICU admission stratified 
according to glucose levels. 

Data are expressed as box-and-whisker diagrams depicting the median and lower quartile, upper quartile and 
their respective 1.5IQR as whiskers (as specified by Tukey). Dotted lines indicate median values obtained in 27 
healthy aged matched subjects. DM; diabetes mellitus. ICAM; intercellular adhesion molecule
* P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001. 
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Figure 4. Coagulation markers in sepsis patients on ICU admission stratified according to glucose 
levels. 

Data are expressed as box-and-whisker diagrams depicting the median and lower quartile, upper quartile and 
their respective 1.5IQR as whiskers (as specified by Tukey). Dotted lines indicate median values obtained in 27 
healthy age matched subjects. DM, diabetes mellitus. * P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001.

Discussion 
In this study, we found that severe hyperglycemia on admission, defined as a plasma glucose 
concentration of 200 mg/dL (11.1 mmol/L) or higher, was independently associated with an 
increased mortality by day 30 in patients admitted with sepsis. This association with adverse 
outcome was present in patients with and without a known history of diabetes, and not 
related to a more severe presentation of sepsis on admission. Measurements of 15 plasma 
biomarkers reflecting key host responses to sepsis indicated that hyperglycemia is not 
associated with exaggerated inflammation or enhanced endothelial cell and/or coagulation 
activation.  
Most investigations on the impact of hyperglycemia on the outcome of sepsis studied glucose 
levels during hospital or ICU stay, rather than first admission glucose concentrations11-15. 
Because elevated glucose levels are managed with insulin32, these studies primarily 
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determined the effect of glucose control in patients with sepsis. We here focused on the 
first glucose measured in plasma obtained shortly before or after ICU admission, thereby 
seeking to reduce treatment effects. Consistent with the present investigation, an earlier 
study reported a higher mortality rate among patients with severe sepsis who had a plasma 
glucose concentration greater than 200 mg/dL on admission compared to those patients 
with glucose concentrations less than or equal to 200 mg/dL2. In this earlier investigation, 
high admission glucose was associated with increased mortality in patients without a 
known history of diabetes only2. This previous study2 differed from the present investigation 
especially with regard to restrictive inclusion and exclusion criteria. Likely related to this, in 
the present study the proportion of patients admitted with septic shock was 32.5%, versus 
71.7% in the previous investigation. In another study, nondiabetic patients presenting with 
suspected infection to the emergency department with initial glucose levels greater than 
200 mg/dL had higher mortality rates than patients with lower glucose concentrations; this 
association was not present in diabetes patients25. Likewise, this study is difficult to compare 
with ours since only 57.5% of patients had sepsis and mortality was low (4.3%)25. Together 
these data suggest that severe hyperglycemia on presentation and/or admission for sepsis 
is consistently associated with increased mortality in patients without known diabetes, 
whereas its influence on the outcome of diabetes patients depends on the clinical setting 
and severity of disease. 
Patients with severe hyperglycemia did not have more severe disease on admission, as 
indicated by SOFA scores and the proportion presenting with organ failure. Patients with 
normal admission glucose levels more often presented with septic shock, which could be 
a reflection of the increased number of abdominal sepsis patients in this group, which was 
associated with more shock on ICU admission (data not shown). Severe hyperglycemia 
on admission was associated with an increased incidence of de novo acute kidney injury 
and acute myocardial infarction during ICU stay in nondiabetic patients. In accordance, 
hyperglycemia has been identified as a risk factor for acute myocardial infarction and acute 
kidney injury in other acute illnesses33-36. Although these complications might have contributed 
to an adverse outcome in nondiabetic patients, they were not observed in hyperglycemic 
diabetes patients. Diabetes patients with severe hyperglycemia less often developed acute 
lung injury; previous studies reported a reduced incidence of acute lung injury in patients 
with diabetes without taking glucose levels into account29,37. Overall, the occurrence of ICU-
acquired complications unlikely provides a uniform explanation of the augmented mortality 
in diabetic and nondiabetic patients with severe admission hyperglycemia. When corrected 
for admission lactate levels, hyperglycemia was not associated with increased mortality in 
nondiabetes patients, an observation previously described for all critically ill patients (not 
analyzed per diabetes status)30. However, this finding should be interpreted with caution; 
because our study was not designed to analyze the relation between lactate and glucose, 
admission lactate was missing in more than 20% of patients, and lactate and glucose were 
not determined concurrently. 
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We measured 15 plasma biomarkers indicative of key host responses to sepsis in an 
additional attempt to reveal a mechanism by which severe hyperglycemia might affect 
mortality. We hypothesized that hyperglycemia would further deteriorate the deregulated 
activation of inflammatory and procoagulant pathways in patients with sepsis. Indeed, 
hyperglycemia has been associated with increased cytokine production in septic patients13,38. 
In addition, acute hyperglycemia enhanced the endotoxin-induced procoagulant response 
in healthy humans39-41 and evidence suggests a common stimulatory effect of acute and 
chronic hyperglycemia on the coagulation system42. Remarkably, we here found a blunted 
acute phase protein and cytokine response, and attenuated reductions in the anticoagulant 
proteins protein C and antithrombin in patients with admission hyperglycemia, suggesting 
that hyperglycemia may partially reverse the derailed host response during sepsis. In line, 
endothelial cell activation was partially inhibited in patients with hyperglycemia when 
compared to patients with normal admission glucose levels. Notably, some investigations 
have indicated that hyperglycemia indeed may inhibit inflammatory responses, i.e., healthy, 
nondiabetic individuals with increased glucose concentrations showed a decreased 
responsiveness of whole blood leukocytes after ex-vivo stimulation with endotoxin43,44, and 
hyperglycemia inhibited innate immune response in various conditions45. Importantly, in 
the current study the associations between admission hyperglycemia with host response 
biomarkers were only present in patients without known diabetes. Together these data 
suggest that hyperglycemia is associated with adverse outcome of sepsis by a mechanism 
unrelated to exaggerated inflammation, coagulation or endothelial cell activation. 
Our study has strengths and limitations. This is the first study on the association between 
glucose on presentation and outcome of sepsis in patients admitted to a mixed ICU, and the 
first in which insight is given in the association between admission glucose concentrations 
and the host response. Although we sought to exclude the influence of interventions on 
glucose levels by using the first glucose measurement and excluding patients transferred from 
other ICUs, we cannot exclude with certainty that patients may have received interventions 
prior to ICU admission affecting glucose levels, such as intravenous fluids, steroids and/
or catecholamines. Because diabetes was only noted when a patient was admitted with a 
history of diabetes or the use of antidiabetic medication, the possibility of patients admitted 
with severe hyperglycemia as a result of new onset diabetes could not be excluded. Indeed, 
HbA1C levels measured in a subgroup of patients without known diabetes revealed that some 
(6.8%) may have had mild unrecognized diabetes prior to ICU admission, confirming previous 
studies that found 5.5%46 or 9.3%47 of critically ill patients had HbA1C levels above normal. 
Knowledge of previous hyperglycemia is important since it has recently been reported that 
chronic hyperglycemia, rather than diabetes per se, modifies the relationship between acute 
hyperglycemia and outcome46,48. Other investigations reporting on the association between 
preexisting diabetes and outcome of critically ill patients did not report HbA1C levels in 
those without a known history of diabetes2,25,27,49,50, and like our study could have partially 
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failed to account for the degree of chronic hyperglycemia. In addition, in patients with known 
diabetes we did not have information about prior disease management and complications. 

Conclusion
Severe hyperglycemia on ICU admission is associated with increased mortality by day 30 
in both diabetic and nondiabetic patients by a mechanism unrelated to exaggerated 
inflammation, coagulation or endothelial cell activation. 
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eFigure 1.   Flowchart of included patients.
eFigure 2.   Thirty-day Kaplan Meier survival plots of sepsis patients stratified according to 

admission glucose levels and to the presence or absence of a history of diabetes.



ADMISSION HYPERGLYCEMIA IN CRITICALLY ILL SEPSIS PATIENTS: ASSOCIATION  
WITH OUTCOME AND HOST RESPONSE

173

Ch
ap

te
r 6

Methods

Variables
Glucose boundaries used to stratify patients into euglycemic, mild hyperglycemic and severe 
hyperglycemic were determined a priori. The glucose cut-off of 140 mg/dL was based on 
the Surviving Sepsis Campaign guidelines1, the recommendations of the American Diabetes 
Association and previous work2-4; the glucose threshold of 200 mg/dL was based on previous 
studies5-7 including one by our group8. When glucose measurements were unknown or out of 
time range, patients were excluded from analysis.

Definitions
Specific organ failures were defined as a SOFA score of ≥3, except for cardiovascular failure 
for which a score of ≥1 was used (central nervous system was excluded)9. Shock was defined 
by the use of vasopressors (noradrenaline) for hypotension in a dose of >0.1mcg/kg/min 
during at least 50% of the ICU day. ICU-acquired complications, such as acute kidney injury 
(AKI) and acute lung injury (ALI), were defined as a complication that started 2 days or more 
after ICU admission and were assessed using strict pre-set criteria10,11. Immunocompromise 
was defined as a medical history of immune deficiency, HIV or AIDS, or by the use of 
corticosteroids or antineoplastic medication prior to ICU admission as chronic medication. 
Patients were marked to have cardiovascular insufficiency whenever they had a medical 
history of congestive heart failure, chronic cardiovascular disease, peripheral vascular disease 
or cerebrovascular disease. Malignancy was defined as a medical history of either non-
metastatic solid tumor, metastatic malignancy or hematologic malignancy. Patients with a 
history of chronic renal insufficiency or with chronic intermitted hemodialysis or continuous 
ambulatory peritoneal dialysis were marked as renal insufficient, whereas respiratory 
insufficiency were all patients with chronic obstructive pulmonary disease or respiratory 
insufficiency in the medical history. Myocardial ischemia was defined as a typical rise and fall 
of troponin or creatinine kinase-myocardial band (CK-MB), plus at least one of the following: 
chest pain or other clinical correlates of myocardial ischemia, ST depression or elevation 
of electrocardiogram (ECG), new left bundle branch block (LBBB) or new pathological 
Q-waves on ECG, or findings of significant coronary artery disease or new culprit lesion on 
percutaneous transluminal coronary angioplasty (PTCA). The national Municipal Personal 
Records Database was consulted to determine survival up to one year after ICU admission.

Sample collection and assays
Daily (on admission and at 6 AM thereafter) left-over plasma harvested from blood obtained for 
regular patient care was kept at 4oC and subsequently stored within 4 hours after blood draw 
at -80oC. Measurements were done in EDTA anti-coagulated plasma obtained on admission. 
Tumor necrosis factor (TNF)-α, interleukin (IL)-6, IL-8, IL-1β, IL-10, IL-13, interferon (IFN)-γ, 
soluble intercellular adhesion molecule (ICAM)-1 and soluble E-selectin were measured by 
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FlexSet cytometric bead array (BD Biosciences, San Jose, CA) using FACS Calibur (Becton 
Dickenson, Franklin Lakes, NJ). Angiopoietin-1, angiopoietin-2, protein C, antithrombin (all 
R&D systems, Abingdon, UK) and D-dimer (Procartaplex, eBioscience, San Diego, CA) were 
measured by Luminex multiplex assay using BioPlex 200 (BioRad, Hercules, CA). All assays 
were done once. The Luminex Performance assays have less than 15% intra-assay, and less 
than 17% inter-assay variability. The specific coefficient of variation of the D-dimer assay is 
6,6%. C-reactive protein (CRP) was determined as part of patient care (immunoturbidimetric 
assay from Roche Diagnostics, Almere, the Netherlands). Normal biomarker values were 
acquired from EDTA plasma from 27 age- and gender-matched healthy volunteers, from 
whom written informed consent was obtained. 

Statistical analysis of biomarker data
Biomarker data was first checked for parametric distribution using histogram plots. Since 
these data were not normally distributed a Kruskall Wallis test was used to analyze non-
parametric data. In case of overall statistical significance, post hoc testing was performed 
using a Dunn's test of multiple comparisons using rank sums. Biomarkers were transformed 
to their ten log scale for plotting purposes. 

eTable 1. HbA1C levels in patients without known diabetes.

HbA1C Euglycemia Mild hyperglycemia Severe hyperglycemia
Proportion measured 119/463 (25.7%) 50/211 (23.7%) 23/93 (24.7%)
Abnormal value (≥ 6.5%) 5/119 (4.2%) 3/50 (6.0%) 5/23 (21.7%)
Median value with inter-
quartile ranges in those 
with an abnormal value

6.6 [6.5-6.7] 6.7% [6.7-6.8] 7.2 [6.8-7.6]
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eTable 2: Baseline characteristics of patients with and without a history of diabetes admitted with 
sepsis stratified according to admission glucose levels.

No diabetes mellitus n = 767 (77.9%)

Euglycemia Mild hyper- 
glycemia

Severe hyper-
glycemia

Overall
P value

Patients 463 (60.3%) 211 (27.5%) 93 (12.1%)
Age, mean (SD) 59.1 (15.7) 62.4 (13.6) 62.6 (13.9) <0.01
Gender, male (%) 279 (60.3%) 132 (62.6%) 58 (62.4%) 0.82
Body mass index, mean (SD) 24.9 (5.6) 26.2 (5.5) 24.7 (3.5) <0.001
Race, white (%) 409 (88.3%) 192 (91.0%) 84 (90.3%) 0.72
Admission type, medical (%) 309 (66.7%) 165 (78.2%) 79 (84.9%) <0.001
Severity of disease on admission

SOFA score, median [IQR] 7 [5-10] 7 [4-8]* 7 [5-9] 0.05
Organ failure (%) 386 (83.4%) 179 (84.8%) 78 (83.9%) 1.00
Shock (%) 170 (36.7%) 51 (24.2%)* 30 (32.3%) 0.01
Acute kidney injury (%) 168 (36.3%) 58 (27.5%) 37 (39.8%) 0.05
Acute lung injury (%) 109 (23.5%) 58 (27.5%) 21 (22.6%) 0.47

Diabetes mellitus n = 218 (22.1%)

Euglycemia Mild hyper-
glycemia

Severe hyper-
glycemia

Overall
P value

Patients 56 (25.7%) 56 (25.7%) 106 (48.6%)
Age, mean (SD) 65.6 (13.8) 66.6 (9.5) 65.9 (11.8) 0.87
Gender, male (%) 30 (53.6%) 33 (58.9%) 68 (64.2%) 0.43
Body mass index, mean (SD) 30.1 (9.6) 29.0 (7.1) 28.7 (7.3) 0.64
Race, white (%) 46 (82.1%) 48 (85.7%) 91 (85.8%) 0.97
Admission type, medical (%) 39 (69.9%) 38 (67.9%) 92 (86.8%)*,† 0.01
Severity of disease on admission

SOFA score, median [IQR] 8 [6-9] 7 [5-9] 7 [6-9] 0.96
Organ failure (%) 47 (83.9%) 48 (85.7%) 89 (84.0%) 0.38
Shock (%) 20 (35.7%) 21 (37.5%) 29 (27.4%) 0.31
Acute kidney injury (%) 23 (41.1%) 23 (41.1%) 43 (40.6%) >.99
Acute lung injury (%) 11 (19.6%) 12 (21.4%) 33 (31.1%) 0.75

*P<0.05 versus euglycemia using a Dunn's Test of Multiple Comparisons Using Rank Sums.
† P<0.05 versus mild hyperglycemia using a Dunn's Test of Multiple Comparisons Using Rank Sums.
SOFA sequential organ failure assessment 
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eTable 3. Source of infection and causative pathogens in patients admitted with sepsis stratified 
according to admission glucose levels. 

All patients Euglycemia Mild hyperglycemia Severe hyperglycemia

Patients 985 519 (52.7%) 267 (27.1%) 199 (20.2%) P value

Admission diagnosis

Pulmonary tract 480 (48.7%) 237 (45.7%) 141 (52.8%) 102 (51.3%) 0.13

CAP 238 (24.2%) 124 (23.9%) 65 (24.3%) 49 (24.6%) 0.98

HAP 179 (18.2%) 85 (16.4%) 61 (22.8%) 33 (16.6%) 0.07

Aspiration 
pneumonia 44 (4.5%) 17 (3.3%) 8 (3.0%) 19 (9.5%)*,† <0.001

Lung abscess 19 (1.9%) 11 (2.1%) 7 (2.6%) 1 (0.5%) 0.25

Abdominal sepsis 214 (21.7%) 136 (26.2%) 47 (17.6%)* 31 (15.6%)* <0.01

Cardiovascular 136 (13.8%) 70 (13.5%) 41 (15.4%) 25 (12.6%) 0.63

Endocarditis 49 (5.0%) 25 (4.8%) 13 (4.9%) 11 (5.5%) 0.92

Mediastinitis 36 (3.7%) 21 (4.0%) 13 (4.9%) 2 (1.0%) 0.07

Bacteremia 29 (2.9%) 12 (2.3%) 9 (3.4%) 8 (4.0%) 0.43

CRBSI 19 (1.9%) 11 (2.1%) 4 (1.5%) 4 (2.0%) 0.82

Myocarditis 3 (0.3%) 1 (0.2%) 2 (0.7%) - 0.43

Urinary tract 114 (11.6%) 55 (10.6%) 29 (10.9%) 30 (15.1%) 0.22

Skin sepsis 41 (4.2%) 21 (4.0%) 9 (3.4%) 11 (5.5%) 0.51

Causative pathogens

Gram-positive 424 (43.0%) 230 (44.3%) 117 (43.8%) 77 (38.7%) 0.38

Gram-negative 513 (52.1%) 276 (53.2%) 137 (51.3%) 100 (50.3%) 0.75

Yeast/fungi 100 (10.2%) 50 (9.6%) 30 (11.2%) 20 (10.1%) 0.77

Virus 48 (4.9%) 23 (4.4%) 14 (5.2%) 11 (5.5%) 0.79

Other 66 (6.7%) 38 (7.3%) 17 (6.4%) 11 (5.5%) 0.68

Unknown 152 (15.4%) 86 (16.6%) 35 (13.1%) 31 (15.6%) 0.44

Abbreviations: CAP community acquired infection, HAP hospital acquired infection.
*P<0.05 versus euglycemia using a Dunn's Test of Multiple Comparisons Using Rank Sums.
† P<0.05 versus mild hyperglycemia using a Dunn's Test of Multiple Comparisons Using Rank Sums.
When multiple infections were registered, only the primary event was reported.
Multiple pathogens were assigned in 226 (22.9%) of all sepsis cases (euglycemia n=125 (24.0%), mild 
hyperglycemia n=59 (22.1%) and severe hyperglycemia n=42 (21.1%) p=0.65). Other pathogens contain 
anaerobic bacteria, polymicrobial or fecal flora.
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eTable 4. Course and outcome of sepsis stratified according to admission glucose levels in diabetic 
or non-diabetic patients. 

Non diabetes mellitus n = 767 (77.9%)

Euglycemia Mild hyper-
glycemia

Patients 463 (60.3%) 211 (27.5%) 93 (12.1%) P value
Course

Length of stay, median days [IQR] 4 [2-10] 5 [2-9] 5 [2-11] 0.15
ICU-acquired complications (%)

None 385 (83.2%) 176 (83.4%) 67 (72.0%)† 0.03
Acute kidney injury 29 (6.3%) 18 (8.5%) 15 (16.1%)*,† 0.01
Acute lung injury 20 (4.3%) 8 (3.8%) 8 (8.6%) 0.16
ICU-acquired infection 33 (7.1%) 13 (6.2%) 7 (7.5%) 0.07
Acute myocardial infarction 2 (0.4%) 2 (0.9%) 4 (4.3%)*,† 0.01

Outcome
ICU mortality (%) 83 (17.9%) 44 (20.9%) 24 (25.8%) 0.29
Hospital mortality (%) 138 (29.8%) 58 (27.5%) 37 (39.8%) 0.36
30 day mortality (%)a 113 (24.4%) 52 (24.6%) 36 (38.7%)*,† 0.07

Diabetes mellitus n = 218 (22.1%)

Euclycemia Mild hyper-
glycemia

Patients 56 (25.7%) 56 (25.7%) 106 (48.6%) P value
Course

Length of stay, median days [IQR] 5 [2-9] 5 [3-8] 3 [2-9]
0.29

ICU-acquired complications (%)
None 44 (78.6%) 47 (83.9%) 89 (84.0%) 0.70
Acute kidney injury 7 (12.5%) 6 (10.7%) 11 (10.4%) 0.96
Acute lung injury 6 (10.7%) 2 (3.6%) 1 (0.9%)* 0.02
ICU-acquired infection 6 (10.7%) 7 (12.5%) 5 (4.7%) 0.20
Acute myocardial infarction - - 2 (1.9%) 0.37

Outcome
ICU mortality (%) 9 (16.1%) 9 (16.1%) 27 (25.5%) 0.25
Hospital mortality (%) 18 (32.1%) 14 (25.0%) 38 (35.8%) 0.40
30 day mortality (%)b 13 (23.2%) 13 (23.2%) 40 (37.7%) 0.08

*P<0.05 versus euglycemia using a Dunn's Test of Multiple Comparisons Using Rank Sums.
† P<0.05 versus mild hyperglycemia using a Dunn's Test of Multiple Comparisons Using Rank Sums.
a 10 patients were lost to follow up for 30 day mortality in the non-diabetic subgroup.
b 1 patient was lost to follow up for 30 day mortality in the diabetic subgroup.

Severe hyper- 
glycemia

Severe hyper- 
glycemia
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eFigure 1: Flowchart of included patients.
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eFigure 2: Thirty-day Kaplan Meier survival plots of sepsis patients stratified according to 
admission glucose levels and to the presence or absence of a history of diabetes.

Both patients with and without a history of diabetes admitted with severe hyperglycemia had an increased 
mortality compared to patients admitted with normal glucose levels or mild hyperglycemia.
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