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Abstract
Purpose: To determine the association of pre-existing diabetes, hyperglycemia and 
hypoglycemia during the first 24 hours of ICU admissions with 90-day mortality in patients 
with sepsis admitted to the Intensive Care Unit (ICU) and describe trends in the incidence of 
and mortality after admission for sepsis. 
Methods: We used mixed-effects logistic regression and unplanned ICU admissions reported 
to the Dutch National Intensive Care Evaluation registry between January 2009 and 2014 to 
analyze the association of diabetes, hyperglycemia and hypoglycemia with 90-day mortality 
(n = 128,222) and describe trends in the incidence of and mortality after sepsis (n = 36,941) 
and non-infectious conditions (n = 77,645).
Results: In a multivariable analysis, diabetes was not associated with increased 90-day 
mortality. In diabetes patients, only severe hypoglycemia in the absence of hyperglycemia 
was associated with increased 90-day mortality (OR 2.95 95%CI 1.19-7.32), whereas in 
patients without pre-existing diabetes several combinations of abnormal glucose levels were 
associated with increased 90-day mortality. The incidence of diabetes increased from 18.2% 
(95%CI 17.3% to 19.1%) in 2009 to 20.0% (95%CI 19.2% to 20.9%, P <0.0001) in 2013 for sepsis 
and from 14.6% (95%CI 14.0% to 15.2%) to 15.7% (95%CI 15.2% to 16.2%, P = 0.0015) for non-
infectious admissions. Sepsis and non-infectious admissions showed similar decreases in 
90-day mortality in diabetes and non-diabetes patients. 
Conclusions: Diabetes was not associated with adjusted 90-day mortality risk in critically ill 
patients admitted with sepsis or a non-infectious condition. 
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Introduction
Sepsis, a common entity in critically ill patients, is associated with high mortality rates1. Chronic 
comorbid diseases influence the intensity of care and outcome of sepsis patients2. Diabetes 
is one of the most common comorbidities, present in 20-35% of all critically ill patients with 
sepsis3. Recent literature has examined the association between diabetes, hyperglycemia, 
hypoglycemia, glucose variation and glucose control, and disease severity and outcome 
in patients admitted to the intensive care unit (ICU)4. However, the association of diabetes 
with disease presentation and mortality specifically in sepsis patients remains undecided5. 
Over the past decade, contradicting evidence has emerged on the association of diabetes 
with sepsis outcome, possibly explained by inclusion bias or differences in methodological 
decisions and study populations5. Factors associated with mortality, such as glucose levels6-8 
and body mass index (BMI)9,10, affect patients with and without diabetes differently11-13 and 
are often not included as confounders. In some studies, diabetes was associated with an 
increased risk of mortality in patients with sepsis14,15, but neutral and decreased risks have 
also been reported11,16-19. While both hyperglycemia and hypoglycemia have been reported as 
independent risk factors for mortality in critically ill sepsis patients6,7,11,20-22, this association is 
not or less clear in diabetes patients, suggestive of protective influences of diabetes11-13,18,23,24.
Our primary aim was to examine the association of pre-existing diabetes with 90-day 
mortality in critically ill patients with sepsis admitted to the ICU. The secondary aim of this 
study was to investigate whether the association between hyperglycemia and hypoglycemia 
during the first 24 hours of ICU admission and sepsis outcome differs between patients with 
and without diabetes. Herein we focused on the first 24 hours since we were interested in the 
effect of altered glucose levels as part of the acute stress response; analyses of glucose levels 
throughout the ICU stay more relate to the effect of glucose regulation by insulin, which has 
been the topic of many previous investigations4. We performed a retrospective study in over 
160,000 unplanned ICU admissions in the Netherlands between 2009 and 2013. Considering 
the decreasing case fatality rate of sepsis25 and improvement in critical care26, we also report 
trends in time for the proportion of diabetes patients admitted to the ICU for sepsis, as well 
as for mortality, using patients with a non-infectious admission diagnosis as comparators. 

Methods
 
Data sources and ethical approval
ICU admissions and data on clinical variables were retracted from the Dutch National Intensive 
Care Evaluation (NICE) registry27. The NICE database includes anonymized data on variables 
that describe patient characteristics, severity of illness and laboratory measurements during 
the first 24 hours of ICU admission and outcome. In 2013, 83 (92%) of the 90 hospitals in 
the Netherlands with ICUs participated. We linked ICU admissions in the NICE registry to the 
national administrative database for health insurance companies (Vektis) (eMethods in the 
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Supplement), which covers 95% of the Dutch population, to determine mortality 90 days 
after ICU admission. 
The medical ethics committee of the Academic Medical Center stated that medical ethics 
approval for this study was not required under Dutch national law (registration number 
W15-177).

Variables 
In the NICE database, two Acute Physiologic And Chronic Health Evaluation (APACHE) IV 
reasons for ICU admission can be recorded for each admission. Sepsis was defined as 
admission diagnosis if one or both of these reasons were infections (eMethods and eTable 1 
in the Supplement), taking into account that according to the sepsis definition specified in 
the 2001 International Sepsis Definitions Conference all infections requiring ICU admission 
qualify as sepsis28. Diabetes was defined as the use of antidiabetic medication before ICU 
admission. Maximum glucose levels during the first 24 hours of ICU admission were stratified 
as follows: no hyperglycemia (≤140mg/dL, ≤7.78 mmol/L); mild hyperglycemia (141 to 
199mg/dL, 7.83-11.05mmol/L); and severe hyperglycemia (≥200mg/dL, ≥11.11mmol/L); 
minimum glucose levels during the first 24 hours of ICU admission were stratified as follows: 
no hypoglycemia (>70 mg/dL, >3.89 mmol/L); mild hypoglycemia (41 to 70mg/dL, 2.28-3.89 
mmol/L ); and severe hypoglycemia (≤40mg/dL, ≤2.22 mmol/L), based on the Surviving Sepsis 
Campaign guidelines29 and the recommendations of the American Diabetes Association and 
previous work7,11,24. Detailed definitions and categorizations of these and other variables 
are presented in eTable 2 in the Supplement. All unplanned ICU admissions in participating 
hospitals between 1st January 2009 and 1st October 2011 and between 1st January 2012 and 
31st December 2013 that could be linked to the Vektis database were included for analysis. We 
present our exclusion criteria in Table 1.

Statistical analysis
The association between 90-day mortality and diabetes, corrected for other factors (as listed 
in Supplementary Table 2), was analyzed using a generalized linear mixed effect model. 
Our final model was obtained using a procedure with two stages (further specified in the 
Supplement). P values from the generalized linear mixed effect models were obtained by 
comparing the difference in the likelihood of two hierarchical models with the chi-squared 
distribution with the number of degrees of freedom equal to the difference in the number of 
parameters estimated. P < 0.05 were regarded as statistically significant. No corrections were 
made for multiple testing.
The data on trends over time are reported as percentages with score confidence intervals 
(CI). Changes in these percentages were analyzed using time in fractional years since 1st 
January 2009 and generalized linear mixed-effects models with binominal link functions and 
a random intercept per hospital.  
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Table 1. Exclusion criteria

Overall exclusion criteria
ICU readmission within a single hospital admission
Deceased at ICU admission
Length of ICU stay less than 4 hours
Age at ICU admission less than 16 years
ICU admission for transplantation other than liver and kidney transplantation
Burn injury
Missing APACHE IV admission diagnosis
Missing admission type
Missing hospital discharge date
Diabetic ketoacidosis as APACHE IV admission diagnosis
Diabetic hyperglycemic hyperosmolar nonketotic coma as APACHE IV admission diagnosis
Hospitals with fewer than 10 diabetes and 10 non-diabetes 90 day related deaths
Missing minimum or maximum blood glucose in the first 24 hours
Missing patient height or weight

Exclusion criteria for trend analysis
Admissions to hospitals with fewer than 100 qualifying admissions in each year from 2009 to 
2013

For the analyses on trends in time, admissions to hospitals with fewer than 100 qualifying admissions in each 
year from 2009 to 2013 were also excluded. 
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Results

Baseline characteristics of sepsis patients stratified by a medical history of diabetes
We identified 41,492 (32.6%) admissions for sepsis (Figure 1). For analyses of the independent 
association of diabetes, hypoglycemia and hyperglycemia with 90-day mortality in sepsis 
patients we composed a cohort in which all possibly confounding factors could be taken 
into account. In this cohort 8,087 (19.5%) encompassed admissions with a history of 
diabetes. Patients with diabetes were older (71.0 [63-78] versus 67.0 [56-77] years, P <0.0001), 
were in higher BMI categories, were less often admitted from the operating theatre (19.4% 
versus 24.8%, P <0.0001) and were admitted with more COPD/respiratory insufficiency, 
cardiovascular insufficiency and chronic renal failure (Table 2). Malignancy, however, was 
more prevalent in sepsis patients without a medical history of diabetes (10.3% versus 6.8% 
P <0.0001 respectively) (Table 2). In the first 24 hours of ICU admission, diabetes patients 
presented with more acute renal failure (26.8% versus 18.3%, P <0.0001) and vasopressor use 
(56.0% versus 51.6%, P <0.0001). In terms of acute disease severity on ICU admission, patients 
with diabetes had slightly higher modified APACHE III physiology scores (mAPS, eTable in the 
Supplement)30 defined as APS per 10 points without the contribution of glucose; (6.2 [4.7-8.1] 
versus 5.7 [4.2-7.6] P <0.0001). In the first 24 hours of ICU admission patients with diabetes 
experienced higher maximum blood glucose levels (glucose 12.3mmol/L [9.7-15.7] versus 
9.1mmol/L [7.4-11.3], P <0.0001) and were more often severely hyperglycemic (62.4% versus 
27.4% respectively, P <0.0001). Non-diabetic patients, on the other hand, were more often 
mildly hyperglycemic in the first 24 hours of ICU admission (42.7% versus 26.8% respectively, 
P <0.0001). Patients with diabetes experienced more mild hypoglycemia events in the first 24 
hours of ICU admissions (11.1% versus 7.5%, P < 0.0001). Urinary tract infections and skin/
soft tissue infection were more often the source of infection in patients with diabetes (10.7% 
versus 7.1% P <0.0001 for urinary tract and 7.4% versus 4.0%, P <0.0001 for skin infections). 



ASSOCIATION OF DIABETES, HYPOGLYCEMIA AND HYPERGLYCEMIA  
WITH MORTALITY IN CRITICALLY ILL PATIENTS WITH SEPSIS

189

Ch
ap

te
r 7

Figure 1. Flowchart of included patients.
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Table 2. Clinical characteristics and outcomes of sepsis patients with and without diabetes 
mellitus.

Diabetes mellitus No diabetes  
mellitus

P value

Admissions 8085 (19.5%) 33407 (80.5%)
Age (years), median [IQR] 71 [63-78] 67 [56-77] <0.0001
Male gender, n (%) 4493 (55.6%) 19158 (57.3%) 0. 0038
BMI (kg/m2) median [IQR] 27.5 [24.2-31.6] 24.8 [22.4-27.8] <0.0001
Body mass index category, n (%)

Underweight 163 (2.0%) 1729 (5.2%) <0.0001
Normal weight 2486 (30.7%) 15983 (47.8%)
Overweight 2760 (34.1%) 10693 (32.0%)
Obesity 2676 (33.1%) 5002 (15.0%)

Admission type, n (%)
Medical 6184 (76.5%) 23320 (69.8%) <0.0001

Admission source, n (%) <0.0001
Ward 3811 (47.1%) 14688 (44.0%)
Emergency room 2242 (27.7%) 8610 (25.8%)
Operating/recovery room 1571 (19.4%) 8275 (24.8%)
Other admission source 461 (5.7%) 1834 (5.5%)

Length of stay before ICU admission, 
median [IQR] 1 [0.7-3.4] 1 [0.7-3.8] 0. 0011

Chronic comorbid diseases, n (%)
COPD/ Chronic renal insufficiency 2493 (30.8%) 8024 (24.0%) <0.0001
Chronic cardiovascular insufficiency 579 (7.2%) 1113 (3.3%) <0.0001
Chronic renal insufficiency 1244 (15.4%) 2231 (6.7%) <0.0001
Metastasized malignancy (neoplasm) 546 (6.8%) 3455 (10.3%) <0.0001
Immune insufficiency 1086 (13.4%) 4762 (14.3%) 0. 0566

Acute comorbid diseases, n (%)
Acute renal failure 2169 (26.8%) 6123 (18.3%) <0.0001
Cardiac event first 24h 1324 (16.4%) 3960  (11.9%) <0.0001
Mechanical ventilation first 24h 4725 (58.4%) 19882 (59.5%) 0. 0781
Vasoactive medication first 24h 4527 (56.0%) 17227 (51.6%) <0.0001

Severity of disease, median [IQR]
Acute physiology score  
(glucose excluded) 6.2 [4.7-8.1] 5.7 [4.2-7.6] <0.0001

APACHE IV score (glucose excluded) 
Length of ICU-stay 3.2 [1.5-7.5] 3 [1.3-7.5] 0.0001
Length of hospital stay 15 [8-28] 15 [8-28] 0. 8296
APACHE IV expected mortality 0.3 [02.-0.5] 0.2 [0.1-0.5] <0.0001
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Diabetes mellitus No diabetes  
mellitus

P value

Admissions 8085 (19.5%) 33407 (80.5%)
Lowest glucose first 24h, n (%)
Lowest glucose per patient mmol/L,  
median [IQR] 6.4 [4.9-8.1] 6.2 [5.2-7.3] <0.0001

Severe hypoglycaemia 159 (2.0%) 408 (1.2%) <0.0001
Mild hypoglycaemia 895 (11.1%) 2517 (7.5%)
No hypoglycemia 7031 (87.0%) 30482 (91.2%)

Highest glucose first 24h, n (%)
Highest glucose per patient mmol/L,  
median [IQR] 12.3 [9.7-15.7] 9.1 [7.4-11.3] <0.0001

No hyperglycemia 878 (10.9%) 9982 (29.9%) <0.0001
Mild hyperglycaemia 2165 (26.8%) 14266 (42.7%)
Severe hyperglycaemia 5042 (62.4%) 9159 (27.4%)

Admission diagnosis  
(APACHE IV classification), n (%)

Respiratory tract infection 3337 (41.3%) 14616 (43.8%) <0.0001
Gastro-intestinal infection 2006 (24.8%) 10496 (31.4%)
Urinary tract infection 863 (10.7%) 2382 (7.1%)
Skin/soft tissue infection 596 (7.4%) 1323 (4.0%)
Central nervous system infection 156 (1.9%) 968 (2.9%)
Multiple infections 121 (1.5%) 539 (1.6%)
Other or unknown infection* 1006 (12.4%) 3083 (9.2%)

Outcome, n (%)
ICU mortality 1449 (17.9%) 5378 (16.1%) <0.0001
In-hospital mortality 2264 (28.0%) 8151 (24.4%) <0.0001
90-day mortality 2809 (34.7%) 10043 (30.1%) <0.0001

These P values do not take the clustering of admissions within hospitals into account.
Abbreviations: ICU intensive care unit, COPD chronic obstructive pulmonary disease
*Other infectious diagnosis include: Septic arthritis; gynecologic sepsis; endocarditis; other sepsis; sepsis of 
unknown origin.

Outcome and 90-day mortality risk
Sepsis patients admitted with a history of diabetes had increased length of ICU stay and had 
higher crude ICU, in-hospital and 90-day mortality rates (17.9% versus 16.1% for ICU, 28.0% 
versus 24.4% for in hospital and 34.7% versus 30.1% for 90-day mortality; all P <0.0001) (Table 
2). Patients with diabetes had higher crude 90-day mortality (odds ratio (OR) 1.25, 95%CI 1.19 
to 1.31, P < 0.0001) than those without diabetes, when not correcting for other differences in 
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patient characteristics. Patients with mild (OR 2.43, 95%CI 2.26 to 2.61) or severe (OR 4.79, 95%CI 
4.02 to 5.72) hypoglycemia had higher 90-day mortality (both P < 0.0001), when hypoglycemia 
and diabetes were included in the model, and the interaction between hypoglycemia and 
diabetes was significant (P = 0.0003) when added into this model. Patients with mild (OR 
1.08, 95%CI 1.02 to 1.13) or severe (OR 1.41 95%CI 1.33 to 1.49) hyperglycemia had higher 
90-day mortality (both P < 0.0001), when hyperglycemia and diabetes were included in the 
model, and the interaction between hyperglycemia and diabetes was significant (P < 0.0001), 
when added into this model. Diabetes remained associated with increased mortality when 
corrected for hyperglycemia, hypoglycemia and interaction terms with diabetes (eTable 3 
in the Supplement, model 1) and following the addition of all other explanatory variables 
listed in supplementary Table 2 (eTable 3 in the Supplement, model 2). In this model, the 
interaction between diabetes and hyperglycemia remained significant (P = 0.0106), but the 
interaction term between diabetes and hypoglycemia did not (P = 0.6507)(eTable 3 in the 
Supplement). After correction for all factors presented in eTable 4 in the Supplement in the 
logistic regression model, with the exception of hyperglycemia and hypoglycemia, there was 
no significant association between diabetes and 90-day mortality (odds ratio 1.05, 95%CI 
0.99 to 1.12, P = 0.1009). Using a backwards stepwise regression the variables age, BMI 
category, admission source and type, chronic comorbid diseases, acute comorbid diseases, 
mAPS, hyper-and hypoglycemia, type of infections and the year of ICU admission were 
kept in the final logistic regression model. Also, analyzing interaction terms, the interaction 
between acute renal failure and diabetes was included in the final model together with the 
interaction between different BMI categories and diabetes. Since the extensive interactions 
between diabetes, hyper- and hypoglycemia cause difficulty in interpreting the model and as 
2627 (6.3%) of patients had hyperglycemia and hypoglycemia in the first 24 hours (eTable 5 
in the Supplement), we chose to analyze the effect of diabetes in different combinations of 
hyper- and hypoglycemia during the first 24 hours after ICU admission (Figure 2). In none of 
the separate glucose categories diabetes was associated with increased mortality relative to 
the absence of diabetes (Figure 2, Table 3). In diabetes patients, only severe hypoglycemia 
in the absence of hyperglycemia was associated with an increased 90-day mortality (OR 
2.95 95%CI 1.19-7.32). In patients without pre-existing diabetes several combinations of 
abnormal glucose levels were associated with an increased 90-day mortality, i.e. mild or 
severe hypoglycemia in the absence of hyperglycemia (OR 1.52, 95% CI 1.29-1.79 and OR 
3.27, 95%CI 2.08- 5.14 respectively), mild hypoglycemia plus mild hyperglycemia (OR 1.40, 
95% CI 1.18-1.67), severe hyperglycemia plus mild or severe hypoglycemia (OR 1.31, 95% CI 
1.10-1.57 and OR 2.03, 95%CI 1.39 to 2.98 respectively). Notably, severe hyperglycemia in the 
absence of hypoglycemia was not associated with increased mortality in either diabetes or 
non-diabetes patients. 
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Figure 2. Forrest plot depicting 90-day mortality risk in patients with and without diabetes 
admitted with sepsis to the Dutch ICU’s during the 5 year observation period. 

Blue lines depict sepsis patients without diabetes, red lines depict sepsis patients with diabetes. 
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Table 3. Parameter estimates for the final multivariate logistic regression model.

Odds 
ratio

95% CI P value

No diabetes, no hyperglycemia, no hypoglycemia (N=8842, 26.5%)(reference) 0

Diabetes, no hyperglycemia, no hypoglycemia (n=666, 8.2%) 1.09 0.72-1.66 <0.0001

No diabetes, mild hyperglycemia, no hypoglycemia (N=13386, 40.1%) 0.98 0.91-1.06

Diabetes, mild hyperglycemia, no hypoglycemia (N=1896, 23.5%) 0.81 0.55-1.20

No diabetes, severe hyperglycemia, no hypoglycemia (N=8254, 24.7%) 0.97 0.90-1.05

Diabetes, severe hyperglycemia, no hypoglycemia (N-4469, 55.3%) 0.80 0.55-1.17

No diabetes, no hyperglycemia, mild hypoglycemia (N=992, 3.0%) 1.52 1.29-1.79

Diabetes, no hyperglycemia, mild hypoglycemia (N=173, 2.1%) 1.55 0.93-2.58

No diabetes, mild hyperglycemia, mild hypoglycemia (N=769, 2.3%) 1.40 1.18-1.67

Diabetes, mild hyperglycemia, mild hypoglycemia (N=230, 2.8%) 0.97 0.60-1.55

No diabetes, severe hyperglycemia, mild hypoglycemia (N=756, 2.3%) 1.31 1.10-1.58

Diabetes, severe hyperglycemia, mild hypoglycemia (N=492, 6.1%) 1.31 0.86-2.00

No diabetes, no hyperglycemia, severe hypoglycemia (N=148, 0.4%) 3.27 2.08-5.14

Diabetes, no hyperglycemia, severe hypoglycemia (N=39, 0.5%) 2.95 1.19-7.32

No diabetes, mild hyperglycemia, severe hypoglycemia (N=111, 0.3%) 1.45 0.90-2.34

Diabetes, mild hyperglycemia, severe hypoglycemia (N=39, 0.5%) 1.17 0.52-2.66

No diabetes, severe hyperglycemia, severe hypoglycemia (N=149, 0.5%) 2.03 1.39-2.98

Diabetes, severe hyperglycemia, severe hypoglycemia (N=81, 1.0%) 1.45 0.79-2.69

Modified APACHE physiological score 1.29 1.2901.31 <0.0001

Infection type 

Respiratory tract infection (reference) 0 <0.0001

Gastro-intestinal infection 0.84 0.78-0.92

Urinary tract infection 0.52 0.47-0.58

Skin/soft tissue infection 0.93 0.82-1.05

Central nervous system infection 0.88 0.74-1.04

Multiple infections 1.01 0.84-1.21

Other/unknown infection 1.11 1.02-1.22

Admission source

Ward (reference) 0 <0.0001

Emergency room 0.73 0.68-0.77

Operating theater 0.85 0.76-0.95

Other or unknown 0.85 0.76-0.95 0.0046

Body Mass Index 

Normal (reference) 0 0.0153

Overweight 0.75 0.71-0.80

Obesity 0.74 0.68-0.82

Underweight 1.73 1.54-1.95
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Odds 
ratio

95% CI P value

Chronic comorbid diseases

Chronic renal failure 1.23 1.13-1.33 <0.0001

Chronic obstructive pulmonary disease or respiratory insufficiency 1.26 1.19-1.34 <0.0001

Chronic cardiovascular insufficiency 1.61 1.43-1.80 <0.0001

Metastasized malignancy (neoplasm) 2.79 2.58-3.02 <0.0001

Immune insufficiency 1.38 1.29-1.48 <0.0001

Acute comorbid disease

Cardiac event in 24 hours before ICU admission 1.11 1.03-1.19 0.0041

Acute renal failure within 24 hours of ICU admission 1.32 1.23-1.42 <0.0001

Mechanical ventilation in first 24 hours of ICU admission 1.41 1.33-1.49 <0.0001

Unplanned medical admission 1.33 1.19-1.48 <0.0001

Age in years on admission 1.05 1.05-1.-5 <0.0001

Year of admission 0.97 0.95-0.98 0.0004

Interaction BMI category and DM 0.0153

Normal weight and DM 1.44 0.97-2.11

Overweight and DM 1.26 0.85-1.85

Obesity and DM 1.15 0.78-1.70

Interaction between acute renal failure and diabetes 0.83 0.73-0.95 0. 0077

Trend over time
The percentage of unplanned admissions attributable to patients with sepsis remained stable 
at 32.8% (95% CI 32.2% to 33.4%) in 2009 and 32.1% (95%CI 31.5% to 32.7%, P = 0.1390) in 
2013. The percentage with pre-existing diabetes rose from 18.2% (95%CI 17.3% to 19.1%) in 
2009 to 20.0% (95%CI 19.2% to 20.9%, P <0.0001) in 2013 for sepsis patients and from 14.6% 
(95%CI 14.0% to 15.2%) in 2009 to 15.7% (95%CI 15.2% to 16.2%, P = 0.0015) in 2013 for non-
infectious patients (eFigure 1A in the Supplement). We found no differences between the 
overall increase in percentage of patients with diabetes between sepsis and non-infectious 
patients (P = 0.1490). 
Crude 90-day mortality was consistently higher for sepsis than for non-infectious admissions 
over the study period (P <0.0001) and for admissions with than without diabetes (P <0.0001) 
(eFigure 1B in the Supplement). In both sepsis and non-infectious patients crude 90-day 
mortality decreased during the study period, from 34.2% (95%CI 33.1% to 35.4%) in 2009 
to 29.5% (95%CI 28.6% to 30.5%) in 2013 (P < 0.0001) for sepsis patients and from 23.9% 
(95% CI 23.2% to 24.6%) in 2009 to 21.5% (95%CI 20.1% to 22.2%) in 2013 (P < 0.0001) for 
non-infectious patients. The observed decrease in mortality was similar between sepsis and 
non-infectious patients (P = 0.2638). The decrease in crude 90-day mortality was similar (P 
= 0.4337) for sepsis admissions with (from 33.3% (95%CI 32.1% to 34.5%) in 2009 to 28.6% 
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(95%CI 27.5% to 29.7%, P < 0.0001) in 2013) and without diabetes (from 33.3% (95%CI 32.1% 
to 34.5%) in 2009 to 28.6% (95%CI 27.5% to 29.7%, P < 0.0001) in 2013). The decrease in crude 
90-day mortality was similar (P = 0.2233) for non-infectious admissions with (31.8% (95%CI 
29.8% to 33.8%) in 2009 to 27.7% (95%CI 26.1% to 29.5%, P = 0.0006) in 2013) and without 
diabetes 22.6% (95% CI 21.9% to 23.4%) in 2009 to 20.4% (95% CI 19.8% to 21.0%, P < 0.0001) 
in 2013.

Discussion 
In this study we aimed to obtain insight into the association of pre-existing diabetes with 
90-day mortality of critically ill patients admitted with sepsis, taking trends in time and 
the influence of abnormal glucose levels during the first 24 hours after ICU admission into 
account. The main findings are: (1) abnormal glucose levels are more harmful in patients 
without pre-existing diabetes; (2) the prevalence of diabetes among patients with sepsis and 
non-infectious disease admitted to the ICU increased modestly over time, but this increase 
has only minor clinical consequences and (3) 90-day mortality of sepsis patients decreased 
similarly over time in those with and without diabetes, and this decrease was similar to that 
for patients with a non-infectious admission diagnosis. 
An important outcome of our study was the similar decrease in 90-day mortality of diabetes 
and non-diabetes patients after ICU admission for either sepsis or a non-infectious condition 
over the study period of 5 years. This finding is in accordance with earlier investigations 
reporting a decline in case fatality rates after ICU admission for sepsis and for non-infectious 
conditions25, which has been suggested to be related to better ICU practice. This latter theory 
is supported by our finding that the decline in mortality was not different between sepsis and 
non-infectious patients. In our cohort, pre-existing diabetes did not increase adjusted 90-day 
mortality in any of the glucose subcategories. While several earlier studies reported on the 
association between hyperglycemia6,7,11,20,21, or hypoglycemia21,22 and the outcome of sepsis, 
our study is different in that it analyzed combinations of hyperglycemia and hypoglycemia in 
diabetic and non-diabetic patients during the first 24 hours after ICU admission. An important 
finding was that patients with diabetes were relatively resistant to the harmful effects of 
abnormal glucose concentrations: whereas in patients without pre-existing diabetes several 
combinations of hyperglycemia and hypoglycemia were associated with an increased risk 
for mortality at 90 days, in patients with diabetes only isolated severe hypoglycemia was 
associated with an increased 90-day mortality risk. The association between hypoglycemia 
and increased mortality risk has been described before in critically ill sepsis patients, but not 
stratified according to the presence of absence of diabetes21,22. Remarkably, in the present 
study severe hyperglycemia was only associated with an increased sepsis mortality in 
patients without diabetes when also hypoglycemia was registered during the first 24 hours 
after ICU admission; earlier investigations reported on the association of hyperglycemia with 
an impaired sepsis outcome, but did not take hypoglycemic episodes into account6,7,11,20,21. 
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Our study has strengths and limitations. To our knowledge this is the first study reporting 
the association of diabetes on longer time follow up including extensive correction for 
covariables in the main outcome analysis. Previous studies on the association of diabetes 
either reported ICU or in-hospital mortality without or with limited correction for confounding 
factors11,14-19,31-33. Also, we are the first to give an overview of the incidence and mortality over 
time of sepsis admissions with and without pre-existing diabetes in a large cohort in multiple 
ICUs. Previous work including longitudinal data and longer time follow up, was not restricted 
to sepsis patients in particular and trends over time were not included34. In the current study, 
sepsis was defined according to 2001 International Sepsis Definitions Conference28; although 
not certain, most patients likely also qualified for the recently proposed sepsis definition 
(incorporating organ failure)35 considering that we exclusively studied patients in need of 
intensive care. Second, since we focused on the additional risk of preexisting diabetes on 
the outcome of sepsis after admission to the ICU, no conclusion can be drawn on the overall 
additional risk of diabetes on infectious related mortality in general. HbA1C levels were not 
available and we can therefore not exclude that some patients may be admitted to the ICU 
with undiagnosed diabetes, recently reported to account for approximately 5.5%36 to 9.3%37 
of ICU admissions. Also those diabetes patients only on ‘diet therapy’ could not be identified. 
In addition, we could not assess the effect of premorbid glycemic control using HbA1C levels, 
which is reported to be of influence on glycemic control and outcome in critically ill patients 
with diabetes36,38, and more specific that mortality risk for hypoglycemia is dependent on 
glucose regulation prior to ICU admission39. Data on glycemic control during ICU admission 
could not be extracted from the database and an iatrogenic influence on maximum and 
minimum glucose levels in the first 24 hours should therefore be taken into account when 
interpreting the results. Lastly, we were not able to correct for certain factors that are known to 
influence glucose levels such as lactate40, intravenous fluids, steroids and/or catecholamines.

Conclusion
Diabetes was not associated with adjusted 90-day mortality risk in critically ill patients 
admitted with sepsis. Abnormal glucose levels during the first 24 hours after ICU admission 
are associated with 90-day mortality in sepsis patients with and without pre-existing diabetes 
differently, indicating that diabetes patients may tolerate wider glucose ranges than non-
diabetes patients admitted with sepsis. Hypoglycemia, more so than hyperglycemia, in the 
first 24 hours after ICU admission for sepsis is associated with increased mortality in non-
diabetes sepsis patients.
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Supplementary data

Supplementary Content

eMethods   containing information on sepsis admission diagnosis, statistical analysis and 
linkage to Vektis.

eTable 1.   Categorization and selection of APACHE IV reasons for intensive care unit 
admission in patients with sepsis.

eTable 2.   Definitions and categorizations of variables obtained from the Dutch National 
Intensive Care Evaluation database.

eTable 3.   Multivariable analysis on the effect of diabetes on 90 day mortality in two 
different models.

eTable 4.   Univariate analyses, p-values in addition to diabetes as main effect.
eTable 5.   Distribution of different glucose strata during the first 24 hours in patients with 

and without diabetes.
eFigure 1A   Incidence of patients with or without diabetes admitted for infectious or non-

infectious reasons to the Dutch ICUs included in the National Intensive Care 
Evaluation registration during the 5 year observational period.

eFigure 1B  90-day survival in patients with or without diabetes after admission for infectious 
or non-infectious reasons. 



ASSOCIATION OF DIABETES, HYPOGLYCEMIA AND HYPERGLYCEMIA  
WITH MORTALITY IN CRITICALLY ILL PATIENTS WITH SEPSIS

203

Ch
ap

te
r 7

Methods

Sepsis admission diagnosis
In the NICE database, two Acute Physiologic And Chronic Health Evaluation (APACHE) IV 
reasons for ICU admission can be recorded in the first 24 hours for each admission. These 
admission reasons are predefined within the APACHE IV diagnosis classification. In total 20 
APACHE IV admission diagnosis classes are available; 10 non-operative and 10 post-operative, 
i.e.: cardiovascular, gastro-intestinal, genitourinary, hematological, metabolic, musculo-
skeletal, neurologic, respiratory, transplant and trauma. Within each these classes, up to 55 
admission diagnoses are specified. In total, treating ICU physicians can choose 2 out of the 
445 APACHE IV admission diagnoses available. These APACHE IV admission diagnoses are 
assigned in the first 24hours after ICU admission. APACHE IV admission reasons defined as 
infections for the purpose of this study are presented in Supplementary Table 1. Any infection 
diagnosed upon ICU admission was qualified as sepsis, whereas infections occurring later 
during ICU stay were not included in the sepsis cohort.

Statistical analysis
Characteristics of admissions are presented in terms of numbers and percentages for 
categorical variables and the median and interquartile range for continuous variables. 
Differences between groups were tested using chi-squared tests for categorical data and 
Mann-Whitney-U tests for continuous data. 
The association between 90-day mortality and diabetes, corrected for other factors (eTable 
2 in the Supplement), was analyzed using a generalized linear mixed effect model with a 
binominal link function and a random intercept per hospital. Terms indicating diabetes 
status, hyperglycemia, hypoglycemia and their interactions were retained in all models. Our 
final model was obtained using a procedure with two stages. In the first stage, a model was 
constructed for each factor with 90-day mortality as the dependent variable and the factor, 
diabetes status and the interaction term between them as fixed effects. If the P value of the 
interaction term was less than 0.05, both the factor and the interaction term were included 
in the second stage. If the P value of the interaction term was 0.05 or greater, a model was 
constructed with only the factor and diabetes status. If the P value of the factor was less than 
0.05 in this model, the factor, but not the interaction term, was included in the second stage. 
If the P value of the factor was more than 0.05, neither the factor nor the interaction term were 
included in the second stage. In the second stage, all applicable factors and interaction terms 
from the first stage were included in a single model.  Subsequently, a backwards procedure 
was applied, removing the variable with the largest P value and then re-estimating all 
parameters in the model. This process was continued until all factors and interaction terms 
retained had a P value less than 0.05. 
P-values from the generalized linear mixed effect models were obtained by comparing the 
difference in the likelihood of two hierarchical models with the chi-squared distribution 
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with the number of degrees of freedom equal to the difference in the number of parameters 
estimated. 
For the analyses on trends in time, admissions to hospitals with fewer than 100 qualifying 
admissions in each year from 2009 to 2013 were also excluded. The minimum numbers of 
patients per hospital were chosen to prevent unstable parameter estimates resulting from 
low numbers of events per hospital1.The data on trends over time are reported as percentages 
with score confidence intervals. Changes in these percentages were analyzed using time in 
fractional years since 1st January 2009 and generalized linear mixed-effects models with 
binominal link functions and a random intercept per hospital.  
P values smaller than 0.05 were regarded as statistically significant. No corrections were 
made for multiple testing. All analyses were performed in R version (v. 3.1.0); the package 
lme4 was used for estimating parameters of generalized linear mixed-effects models and the 
package exactci to obtain confidence intervals for proportions.

Linkage of Dutch National Intensive Care Evaluation to Vektis for determination of 90 
day mortality
The Dutch National Intensive Care Evaluation (NICE) registry follows patients until hospital 
discharge and, thus, only has information on ICU and hospital mortality. To obtain information 
on mortality after hospital discharge, the NICE registry links its records with those in the Vektis 
national database of medical insurance claims2,3. Since health care insurance is compulsory 
for all inhabitants of the Netherlands, the Vektis database provides nearly complete coverage 
of medical care provided in the country. In addition, Dutch health insurance companies 
automatically notify Vektis of the date that a patient stops being insured because they have 
died and adds this information to its database. The admissions in the NICE registry used 
in this paper were matched anonymously in two separate waves. In both waves, the NICE 
registry submitted data on the hospital to which the patient was admitted, gender and 
dates of birth, ICU admission and ICU discharge and unique codes identifying admissions 
within hospitals in the NICE registry. The NICE registry only submitted admission records to 
Vektis if the record was for an initial ICU admission within a given hospital admission (hence 
excluding ICU readmissions within a given hospital admission), the patient’s gender (male or 
female) and dates of birth, ICU admission and ICU discharge were known. 
The first wave considered the situation as of December 31, 2011 and used a deterministic 
linkage algorithm4 with two stages. In the first stage of the first wave linkage algorithm5, the 
records in the NICE and Vektis databases were linked if the hospital of admission, gender 
and dates of birth, ICU admission and ICU discharge were identical and unique. Records that 
could not be linked in the first stage proceeded to the second stage. In the second stage, 
records were linked if the hospital of admission, gender and dates of birth were identical 
and the dates of ICU admission and discharge fell in a period in which the patient was 
hospitalized for a complex intervention, such as open heart surgery or organ transplantation 
and the linkage was unique. This is because medical insurance reimbursement for these 
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interventions included ICU care until 31st December 2011 and Vektis has no separate record 
of the dates of ICU care for these patients. 
The second wave considered the situation as of October 31, 2014 and had three stages. 
In the first stage of the second wave linkage algorithm, the records in the NICE and Vektis 
databases were linked if the hospital of admission, gender and dates of birth, ICU admission 
and ICU discharge were identical and unique. Records that could not be linked in the first 
stage proceeded to the second stage. In the second stage, records were linked if hospital of 
admission, gender and dates of birth and ICU admission were identical and unique. Records 
that could not be linked in the second stage proceeded to the third stage.  In the third stage, 
records were linked if hospital of admission, gender and dates of birth and ICU discharge 
were identical and unique.
Vektis returned the records to the NICE registry reporting whether it was possible to match 
each admission submitted by the NICE registry to a record in the Vektis database. If it was 
possible to match a record, Vektis also reported whether a date of death had been reported 
to Vektis. If a date of death had been reported, Vektis also reported this date to the NICE 
registry. The information reported by Vektis was added to the data in the NICE registry.
After linkage the vital status of the patient 90 days after ICU admission was calculated, using 
the date of death where relevant and assuming that if it was possible to link an admission 
in the NICE registry to a record in the Vektis registry, but the Vektis registry did not contain 
a date of death, that the individual was still alive on the given dates. Due to a changeover 
in administrative systems at Vektis associated with a change in the remuneration system 
for hospitals in the Netherlands that came into effect on 1st January 2012, it could not be 
determined whether a patient was still alive 90 days after ICU admission if the patient was 
admitted to an ICU between 1st October and 31st December 2011.
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eTable 1. Categorization and selection of APACHE IV reasons for intensive care unit admission in 
patients with sepsis. 

Organ system of infection APACHE IV reason for admission

Respiratory tract

Thoracotomy for thoracic or respiratory infection; surgery for 
infection or abscess; pulmonary sepsis; aspiration pneumonia; 
parasitic pneumonia; viral pneumonia; fungal pneumonia; other 
pneumonia.

Gastro-intestinal tract

Gastro-intestinal sepsis; cholangitis; gastro-intestinal abscess or 
cyst; gastro-intestinal perforation or rupture; peritonitis; compli-
cation of previous gastro-intestinal surgery; surgery for anasto-
motic leak, bleeding, abscess, infection, or dehiscence; surgery 
for fistula or abscess (not inflammatory bowel disease); surgery 
for gastro-intestinal abscess or cyst; surgery for gastro-intestinal 
perforation or rupture; surgery for peritonitis

Urinary tract Renal or urinary tract (including bladder) infection or sepsis; renal 
infection or abscess.

Central nervous system Neurologic abscess; surgery for cranial abscess or infection; en-
cephalitis; meningitis.

Skin or soft tissue Cutaneous or soft tissue sepsis, cellulitis and localized soft tissue 
infections; surgery for cellulitis and localized soft tissue infections.

Other or unknown Septic arthritis; gynecologic sepsis; endocarditis; other sepsis; 
sepsis of unknown origin.
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eTable 2. Definitions and categorizations of variables obtained from the Dutch National Intensive 
Care Evaluation database.

Variable Description Treatment of variables in 
analyses

Gender Gender defined as male or female Male/female

Age Age at start of ICU admission in fractional 
years Continuous

Year of admission Calendar year at start of ICU admission Continuous

Admission source Location of patient immediately before ICU 
admission

Hospital ward  
(not ICU or cardiac care unit) 
Emergency room
Operating theatre
Other

Modified APACHE III  
acute physiology score

APACHE III acute physiology score minus  
any points awarded for blood glucose Continuous, per 10 points

Organ system of infection eTable 1 in the Supplement for details

Respiratory tract infection 
Gastro-intestinal infection 
Urinary tract infection
Skin or soft tissue infection
Central nervous system in-
fection
Multiple infections
Other or unknown infection

Hypoglycemia Lowest blood glucose in first 24 hours of ICU 
admission

No hypoglycemia (>70 mg/dl)
Mild hypoglycemia (41 to 
70mg/dl)
Severe hypoglycemia  
(≤40mg/dl)

Hyperglycemia Highest blood glucose in first 24 hours of ICU 
admission

No hyperglycemia  
(≤140 mg/dl)
Mild hyperglycemia  
(141 to 199mg/dl) 
Severe hyperglycemia 
(≥200mg/dl)

Body mass index Weight in kilograms divided by the square of 
height in meters

Underweight  
(less than 18.5 kg/m2)
Normal (18.5 to 24.9 kg/m2) 
Overweight  
(25.0 to 29.9 kg/m2)
Obesity (30.0kg/m2 or greater)

Diabetes The use of antidiabetic medication before the 
current ICU admission Yes/no

Chronic renal insufficiency

Serum creatinine greater than 177 µmol/L 
(2.0 mg/dL) combined with a medical history 
of chronic renal insufficiency prior to current 
ICU admission or the use of chronic  
hemodialysis or peritoneal dialysis prior to 
current ICU admission 

Yes/no
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Variable Description Treatment of variables in 
analyses

Chronic obstructive  
pulmonary disease or  
chronic respiratory  
insufficiency

Chronic use (more than six months) of bron-
chodilators or steroids indicated for chronic 
pulmonary problems or chronic restrictive, 
obstructive or vascular lung disease resulting 
in severe motility dysfunction or registered 
chronic hypoxia, secondary polycythemia, 
severe pulmonary hypertension (PAPsys-
>4mm Hg) or respiratory dependency. 

Yes/no

Chronic cardiovascular 
insufficiency

Angina pectoris or symptoms of fatigue, 
rapid/irregular heartbeat (palpitation) or 
shortness of breath (dyspnea) present at rest 
(New York Heart Association class IV).

Yes/no

Metastasized malignancy 
(neoplasm)

Clinically or pathology confirmed  
metastasized cancer or stage IV cancer;  
acute leukemia, multiple myeloma or  
malignant lymphoma; or actively treated 
chronic leukemia or related to current dis-
ease episode (sepsis, anemia, hyper viscosity, 
tumor lysis syndrome, pulmonary edema).

Yes/no

Immune insufficiency

Prolonged immunosuppressive therapy or 
corticosteroid use; active chemotherapy  
or radiotherapy in the past year prior to ICU 
admission; chemotherapy or radiotherapy  
for Hodgkin or non-Hodgkin lymphoma 
before ICU admission; humoral or cellular 
deficiencies.

Yes/no

Cardiac event in 24 hours 
before ICU admission

Cardiopulmonary resuscitation in the 24 
hours prior to ICU admission or  
hemodynamic instability in the 24 hours 
prior to ICU admission combined with one  
of the following: arrhythmia, paroxysmal  
tachycardia, atrium fibrillation, second or 
third grade AV blockage. 

Yes/no

Acute renal failure within 24 
hours of ICU admission

Renal replacement therapy or serum creati-
nine greater than 1.5mg/100mL (133µmol/L) 
over 24 hours associated with oliguria.

Yes/no

Mechanical ventilation in 
first 24 hours of ICU admis-
sion

The use of mechanical ventilation in the first 
24 hours of ICU admission. Yes/no

Vasoactive medication in 
first 24 hours of ICU admis-
sion

Continuous intravenous administration of 
vasopressors for at least one hour in the first 
24 hours of ICU admission.

Yes/no
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eTable 3. Multivariable analysis on the effect of diabetes on 90 day mortality in two different 
models.

Model 1 Model 2
Variable Odds ratio 95% CI Odds ratio 95% CI
Diabetes 1.90 1.63-2.20 1.33 1.12-1.57
Mild hypoglycemia 2.59 2.39-2.82 1.45 1.33-1.57
Severe hypoglycemia 5.61 4.54-6.94 2.10 1.70-2.58
Mild hyperglycemia 1.20 1.13-1.28 0.97 0.90-1.03
Severe hyperglycemia 1.57 1.48-1.68 0.95 0.89-1.03
Diabetes:mild hypoglycemia (interaction term) 0.76 0.65-0.90 - -
Diabetes:severe hypoglycemia (interaction term) 0.53 0.36-0.77 - -
Diabetes:mild hyperglycemia (interaction term) 0.61 0.51-0.72 0.74 0.71-0.91
Diabetes:severe hyperglycemia (interaction term) 0.52 0.44-0.61 0.77 0.64-0.93

Model 1: corrected for hyperglycemia, hypoglycemia and the interaction between these with diabetes.
Model 2: corrected for hyperglycemia, hypoglycemia, the interaction between hypoglycemia with diabetes and 
all other explanatory variables listed in eTable 2 in the Supplement (gender, age, year of admission, modified 
APACHE III acute physiology score, organ system of infection, body mass index, chronic renal insufficiency, 
chronic obstructive pulmonary disease, chronic cardiovascular insufficiency, metastasized malignancy, immune 
insufficiency, cardia event, acute renal failure, mechanical ventilation, vasoactive medication).
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eTable 4. Univariate analyses, p-values in addition to diabetes as main effect.

 P value 
interaction

P value 
main effect

Diabetes <0.0001
Age 0.7236 <0.0001
Gender 0.7311 0.0915
Body mass index catagory 0.0005 <0.0001
Admission source 0.3133 <0.0001
Admission type (medical) 0.0918 <0.0001
Chronic comorbid disease

Chronic obstructive pulmonary disease or respiratory insufficiency 0.0250 <0.0001
Chronic cardiovascular insufficiency 0.9635 <0.0001
Chronic renal insufficiency 0.0019 <0.0001
Metastasized malignancy (neoplasm) 0.5780 <0.0001
Immune insufficiency 0.0077 <0.0001

Acute comorbid disease
Acute renal failure within 24 hours of ICU admission <0.0001 <0.0001
Mechanical ventilation in first 24 hours of ICU admission 0.1029 <0.0001
Vasoactive medication in first 24 hours of ICU admission 0.9856 <0.0001
Cardiac event in 24 hours before ICU admission 0.0241 <0.0001

Modified APS 0.0002 <0.0001
Hypoglycemia 0.0030 <0.0001
Hyperglycemia <0.0001 <0.0001
Type of infection 0.4707 <0.0001
Year of admission 0.4871 <0.0001
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eTable 5. Distribution of different glucose strata during the first 24 hours in patients with and 
without diabetes.

Patients without diabetes

No hyperglycemia Mild hyperglycemia Severe hyperglycemia

No hypoglycemia 8842 13386 8254
Mild hypoglycemia 992 769 756
Severe hypoglycemia 148 111 149

Patients with diabetes

No hyperglycemia Mild hyperglycemia Severe hyperglycemia

No hypoglycemia 666 1896 4469
Mild hypoglycemia 173 230 492
Severe hypoglycemia 39 39 81
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eFigure 1.

A. Incidence of patients with or without diabetes admitted for infectious or non-infectious reasons to  
the Dutch ICUs included in the National Intensive Care Evaluation registration during the 5 year 
observational period. 
Solid lines depict admissions for non-infectious conditions, dashed lines depict admissions for sepsis. Blue lines 
depict patients without diabetes, red lines depict patients with diabetes.
B. 90-day survival in patients with or without diabetes after admission for infectious or non-infectious 
reasons. 
Solid lines depict admissions for non-infectious conditions, dashed lines depict admissions for sepsis. Blue lines 
depict patients without diabetes, red lines depict patients with diabetes.
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