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Abstract 

Background: We assessed the association of intravenous insulin and glucose infusion with intensive care unit (ICU) 
and hospital mortality.

Methods: For this retrospective association study, we used data from all patients admitted to a medical-surgical ICU 
between January 2012 and September 2017. We excluded patients admitted < 24 h, patients with a diabetic ketoaci-
dosis, patients with a therapy restriction upon ICU admission and readmissions. Using multivariate logistic regression, 
we examined the relation between intravenous insulin and glucose infusion and ICU and hospital mortality for all 
patients. Additionally, we used the same model to analyze the outcomes for patients admitted > 72 h.

Results: Of 9507 eligible patients, 3966 were included. After correction for potential confounders, intravenous insulin 
was associated with ICU and hospital mortality in patients admitted > 24 h (n = 3966) (odds ratio (OR) 1.09 [95% CI 
1.05–1.13] and 1.09 [95% CI 1.06–1.13] per 0.1 IU/kg added, respectively). Likewise, intravenous glucose was associated 
with ICU mortality (OR 1.01 [95% CI 1.00–1.01]) but not with hospital mortality and (OR 1.00 [95% CI 1.00–1.01]) per g/
day added, respectively. In patients admitted > 72 h (n = 1550), insulin dose was associated with both ICU and hospital 
mortality (p = 0.002 and p < 0.001, respectively), but glucose infusion was not (p = 0.08 and p = 0.2, respectively).

Conclusions: Intravenous insulin administration is associated with an increased risk of ICU and hospital mortality, 
after correction for potential confounders. Parenteral glucose administration was limited in amount but was still asso-
ciated with ICU mortality. However, based on these results, it is unknown whether this association is an epiphenom-
enon, or represents a true harm of insulin and glucose administration.
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Background
Stress-induced hyperglycemia is a common phenomenon 
in critically ill patients [1]. It is caused by an interplay of 
counterregulatory hormones and cytokines, resulting in 
beta cell secretory defects and insulin resistance [2–4]. 
The insulin resistance is characterized by a dispropor-
tionate hepatic glucose production, diminished muscular 
glucose uptake and increased lipolysis [5]. This hyper-
glycemia is associated with increased morbidity and 

mortality in various populations of critically ill patients 
[6–9]. The exact pathophysiological mechanism is as for 
now unknown, but studies have demonstrated that high 
plasma glucose levels increase inflammation and oxida-
tion in  vitro [10, 11]. Exogenous glucose, administered 
orally or intravenous, augments to the hyperglycemic 
state [12]. In a Dutch intensive care unit (ICU), intra-
venous glucose infusion was associated with ICU and 
hospital mortality, after correction for the mean blood 
glucose (BG) concentration [13]. From this, the hypoth-
esis arose that glucose infusion per se should be minimal-
ized, even without the presence of hyperglycemia.

Intravenous rapidly acting insulin is a highly effec-
tive glucose lowering drug and the standard treatment 
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modality for hyperglycemia in the ICU [14]. Stud-
ies on insulin use in the ICU have focused mainly on 
the effect of insulin therapy with tight as compared to 
more liberal glucose targets [15–22]. However, these 
studies provided inconsistent evidence on the outcome 
benefits of strict BG lowering with insulin [23, 24]. 
Accordingly, current ICU guidelines recommend that 
insulin should be used to achieve intermediate BG tar-
gets [25, 26].

In general, insulin enhances glucose uptake in skel-
etal muscles and adipose tissue, stimulates glycogen 
and protein synthesis and inhibits gluconeogenesis, 
glycogenolysis, protein breakdown and lipolysis [27]. 
Non-metabolic actions include cell proliferation, 
enhancement of the immune response and anti-inflam-
matory effects by suppression of cytokine release [28–
30]. In critical illness, there is evidence that certain 
biochemical pathways that are activated by insulin are 
associated with negative outcome [31]. Likewise, in 
type 2 diabetes patients, the relative safety of insulin 
therapy has been under discussion [32]. However, in 
those patients this discussion seems to be put to rest 
after proper correction for time-varying confounders 
[33]. Whether insulin infusion by itself is harmful in 
critically ill patients is to our knowledge unknown.

The effects of both intravenous glucose and insulin 
are entwined with overall glycemic control, making it 
difficult to draw conclusions on the separate effects. 
In a post hoc analysis of the Leuven study, the authors 
tried to address the observed outcome benefits to either 
glycemic control or insulin and concluded that achiev-
ing normoglycemia was most important, rather than 
the amount of infused insulin [34]. Altogether, for now 
it is unknown whether the beneficial effects of insulin 
therapy are to some extent independent of BG lower-
ing or solely due to protection against the toxic effects 
of exogenous and endogenous glucoses. Thereby, the 
aim of the current study is to assess the association of 
intravenous insulin and glucose with ICU and hospital 
mortality.

Methods
Study design
This retrospective association study was conducted 
according to the principles of the Declaration of Hel-
sinki [35] and in accordance with the Dutch medical 
Research Involving Human Subjects Act (WMO). The 
institutional review board of the OLVG, who waived 
the requirement for informed consent, approved the 
study protocol. We followed the Strengthening the 
Reporting of Observational studies in Epidemiology 
(STROBE) recommendations [36].

Patients
All patients admitted to a 20-bed teaching hospital 
mixed medical-surgical ICU (OLVG Oost, Amsterdam, 
the Netherlands) between January 1, 2012, and Septem-
ber 29, 2017, were potentially eligible (n = 9507). We 
excluded patients who were admitted less than 24  h, 
since our ICU admits many elective cardiothoracic sur-
gery patients, who are considered less severely ill. Moreo-
ver, we excluded patients with diabetic ketoacidosis and 
patients with a therapy restriction upon ICU admission. 
If a patient was readmitted at any point during the inclu-
sion period, we considered data from the first admission. 
We analyzed all included patients (n = 3966) and patients 
admitted > 72 h (n = 1550) separately.

Exposures and outcome
The main exposure variables of interest were intravenous 
insulin and glucose infusion. Individual patients were 
considered exposed to intravenous insulin or glucose 
when this was registered in the electronic patient data 
management system (PDMS, Meta Vision, iMD-Soft, Tel 
Aviv, Israel). Daily intravenous insulin dosage was calcu-
lated based on the hourly drip rate. All beds are equipped 
with a weighting scale, which was used for the body-
weight adjusted insulin dosage. Individual patients were 
considered exposed to intravenous glucose when they 
received glucose infusion in any form of glucose (in our 
ICU either glucose 5% or 20%). Daily intravenous glucose 
dosage was calculated in grams by summation of all glu-
cose infusions (e.g., glucose 5% contains 50 mg/mL; and 
glucose 20% contains 200 mg/mL). In general, glucose 5% 
is used as volume resuscitation only when patients suffer 
from hypernatremia, or to dissolve certain medication. 
In other cases, volume resuscitation or maintenance was 
achieved with sodium chloride solutions. Glucose 20% is 
mainly administered as part of total parenteral feeding 
(TPV) or to treat hypoglycemia. Since there is a substan-
tial difference in the net uptake of enteral glucose among 
individuals, and since plasma glucose is mainly depend-
ent on glycogenolysis and gluconeogenesis, we did 
not take account of enteral feeding in the total amount 
of intravenous infused glucose. Outcomes of interest 
were all-cause ICU and hospital mortality. We followed 
patients until death or discharge from the ICU or the 
hospital.

Standard ICU care
BG control was executed by the nursing staff follow-
ing unit guidelines based on intermittent measurements 
with a handheld point-of-care device (Accu-Chek, Roche, 
Switzerland). Short-acting insulin  (NovoRapid®, Novo 
Nordisk, Bagsvӕrd, Denmark) was continuously infused 
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with a syringe pump. This was guided by a validated com-
puterized dynamic sliding-scale algorithm integrated 
in the PDMS [37]. The BG regulation protocol started 
when a patient had one BG measurement > 10  mmol/L 
and targeted a BG concentration of 5.0–9.0  mmol/L. 
This BG target changed during the study period of 6.0–
9.0  mmol/L. Routinely, enteral feeding was started as 
soon as possible. Caloric needs were calculated based 
on eight times the mean  VCO2 output (mL/min) meas-
ured over the last 24  h or shorter as data were avail-
able. Enteral feeding was continuously administered 
by nasogastric tube, started at a rate of 20  mL/h. Rate 
increased every 6 h until the target was reached. On the 
day of admission, the target was 25% of the caloric needs, 
increasing by 25% every day. Gastric residuals were eval-
uated every 6 h. Parenteral nutrition was given as sepa-
rate components and administered as soon as possible 
when a patient had contraindication for enteral feeding 
(e.g., gastrointestinal failure) or when the protein goals 
are not met. All patients received a single dose of ster-
oids on admission (dexamethasone, 1 mg/kg with a maxi-
mum of 100 mg), except from when they already received 
this at the operation or emergency room. Steroids during 
admission administered on indication were prednisolone, 
methylprednisolone, dexamethasone or hydrocortisone.

Data collection
All data were extracted retrospectively from the PDMS 
and analyzed from September 1, 2017, to December 1, 
2017. Extracted data were encoded; the key was saved 
in a different dataset, stored in different locations and 
only available for the involved investigators. Besides the 
exposure and outcome data, collected variables included 
demographic and admission-related characteristics.

Statistical analysis
Continuous variables are presented as mean with stand-
ard deviation (SD) or median with interquartile range 
(IQR), depending on their distribution. Continuous vari-
ables were examined for normality using the Shapiro–
Wilk test. Nominal variables are presented as number 
with proportion. Patient characteristics were compared 
between survivors and non-survivors (based on ICU dis-
charge status) with a Chi-square, independent-sample 
t, Mann–Whitney U, ANOVA or Kruskal–Wallis test, 
depending on the data distribution.

The primary analysis evaluated the association between 
the amount of intravenous insulin or glucose (continu-
ous and categorized) and ICU and hospital mortality. 
Given the dichotomous outcome, a multivariable logistic 
regression model was used and outcomes were reported 
as odds ratios (ORs) with a 95% confidence interval. The 
category with no insulin or glucose infusion is used as a 

reference. We based our choice of covariates on previous 
research and our idea of clinically relevant confounders 
[38–40]. Hereby, we chose to correct for variables that 
potentially confound the relation between insulin, glu-
cose and mortality, such as severity of disease, age, pre-
hospital diabetes status, use of corticosteroids, feeding 
and glycemic measures. Using a combination of back-
ward elimination and forward selection, we determined 
the appropriate parameters for the model [41]. Because 
of the possible overlap between different severity of dis-
ease scores and different glycemic measures, we checked 
for collinearity using the variance inflation factor (VIF). 
For each continuous covariate, we tested the magnitude 
of the association across the range of values for that vari-
able. We included the interaction between insulin and 
glucose infusion in the analysis to ensure that the esti-
mated associations were valid. Additionally, we analyzed 
the association between intravenous insulin and glucose 
in patients admitted > 72 h and compared results.

Missing covariate data were replaced with the use of 
multiple imputations [the Markov chain Monte Carlo 
(MCMC) method]. We made no adjustment for multiple 
comparisons. Two-sided p values < 0.05 were considered 
significant. All statistical analyses were performed using 
SPSS version 23 (SPSS Corp., Chicago, IL).

Results
Participants
There were 9507 ICU admissions between January 1, 
2012, and September 27, 2017 (Fig. 1). After exclusion of 
admissions with a duration less than 24 h, readmissions, 
patients with a diabetic ketoacidosis and patients with a 
treatment restriction upon ICU admission, 3966 patients 
remained. Of all included patients (n = 3966), 309 (7.8%) 
died in the ICU and 455 (11.5%) in the hospital. Of 
patients admitted > 72  h (n = 1550), 196 (12.6%) died in 
the ICU and 286 (18.5%) died in the hospital.

Baseline and admission‑related characteristics
Table  1 shows the baseline and admission-related 
characteristics for the total cohort and for patients 
admitted > 72  h, comparing ICU survivors with non-
survivors. With regard to the cohort of patients admit-
ted > 72  h, the mean age was 70  years and the cohort 
consisted of more males (63.4%). Almost 90% of the 
patients received steroids during their ICU admis-
sion. Over 20% of the patients had a history of diabe-
tes, and half of these patients previously used insulin. 
The non-survivors were significantly more often admit-
ted for medical conditions (74% vs. 60%), while the 
survivor cohort consisted of more, especially elec-
tive (cardiothoracic), surgery patients (28% vs. 12%). 
Non-survivors had higher severity of disease scores 
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[Acute Physiology and Chronic Health Evaluation IV 
(APACHE) and Sequential Organ Failure Assessment 
(SOFA)] and were consequently more often in need of 
mechanical ventilation, renal replacement therapy and 
had a longer duration of stay in the ICU. They had more 
low BG measurements (< 4.4  mmol/L). Almost 90% of 
all patients received intravenous insulin during admis-
sion. The median amount per day was higher in non-
ICU survivors (39.3 IU) as compared to ICU survivors 
(27.3  IU) (p < 0.001). Over three-quarter of patients 
received intravenous glucose. Likewise, the median 
amount per day was higher in non-ICU survivors (3.5 

vs 1.1  g, p < 0.001). Additional file  1: Tables S1 and S2 
give information on the main indications for glucose 
infusion in those patients. Patients who received glu-
cose 5% more frequently suffered from hypernatremia. 
Of the patients receiving 20%, 30% received this as part 
of total parenteral feeding, and 70% experienced at 
least one incidence of a BG measurement < 4.4 mmol/L. 
Over half of the intake in kilocalories was provided by 
enteral feeding, the rest was provided by either oral 
intake, or infusion of glucose containing solutions. The 
amount of enteral feeding was equal for survivors and 
non-survivors from admission day 2.

Fig. 1 Patient flow diagram. aCategory numbers do not sum up due to overlap between exclusion criteria. bReadmissions are defined as all ICU 
admissions after the initial admission. ICU intensive care unit
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Table 1 Baseline and  admission-related characteristics for  the  total cohort of  included patients admitted (n = 3966) 
and for the cohort of patients admitted > 72 h (n = 1550), comparing ICU survivors with non-survivors (n = 196)

Variable All patients Admitted > 72 h

ICU survivors 
(n = 3695)

ICU non‑
survivors 
(n = 271)

p  valuea All (n = 3966) ICU survivors 
(n = 1354)

ICU non‑
survivors 
(n = 196)

p  valuea All > 72 h 
(n = 1550)

Age (years) 68.8 ± 13.7 70.3 ± 12.7 0.05 68.9 ± 13.6 69.0 ± 13.2 71.4 ± 12.0 0.019 69.3 ± 13.1

Gender (male) 2377 (64.3) 161 (59.4) 0.11 2538 (64.0) 861 (63.6) 122 (62.2) 0.775 983 (63.4)

Body mass index (kg/
m2)

27.1 ± 6.2 26.9 ± 5.4 0.59 26.9 ± 5.4 27.2 ± 6.0 27.0 ± 6.1 0.640 27.1 ± 6.0

History of  diabetesb 771 (20.8) 66 (24.4) 0.19 837 (21.1) 304 (22.5) 44 (22.4) 1.000 348 (22.5)

 Insulin dependent 315 (8.5) 35 (12.9) 0.02 350 (8.8) 139 (10.3) 22 (11.2) 0.775 161 (10.4)

 Oral anti-diabetes 
medication

547 (14.8) 37 (13.7) 0.66 584 (14.7) 203 (15.0) 24 (12.2) 0.363 227 (14.6)

History of liver cir-
rhosis

57 (1.5) 8 (3.0) 0.08 65 (1.6) 21 (1.6) 3 (1.5) 1.000 24 (1.5)

Type of  admissionc < 0.001 < 0.001

 Medical 1680 211 1891 (47.7) 814 (60.1) 144 (73.5) 958 (61.8)

 Elective/scheduled 
surgery

1690 (45.7) 27 (10) 1717 (43.3) 385 (28.4) 24 (12.2) 409 (26.4)

 Urgent/emergency 
surgery

325 (8.8) 33 (12.2) 358 (9.0) 155 (11.4) 28 (14.3) 183 (11.8)

Cardiothoracic surgery 
patients

1715 (46.4) 33 (1.2) < 0.001 1748 (44.1) 428 (31.6) 26 (13.3) < 0.001 454 (29.3)

Severity of disease 
scores

 APACHE IV PM (%) 19.6 [2.4 to 
28.4]

60.4 [40.0 to 
84.4]

< 0.001 22.4 [2.7 to 
34.3]

22.4 [8.0 to 
47.9]

50.7 [29.3 to 
80.0]

< 0.001 25.2 [9.3 to 53.0]

 SOFA score on 
admission

6.4 ± 2.7 10.7 ± 3.9 < 0.001 6.7 ± 3.0 7.7 ± 3.0 9.9 ± 3.6 < 0.001 8.0 ± 3.1

 Maximum SOFA 
score

6.7 ± 2.9 12.8 ± 4.0 < 0.001 7.1 ± 3.4 8.5 ± 3.1 12.4 ± 3.9 < 0.001 9.0 ± 3.4

Mechanical ventilation 3102 (84.0) 263 (97) < 0.001 3365 (84.8) 1238 (91.4) 190 (96.9) 0.011 1428 (92.1)

Renal replacement 
therapy

351 (9.9) 129 (47.6) < 0.001 480 (12.1) 295 (21.8) 92 (46.9) < 0.001 387 (25.0)

Corticosteroids during 
admission

2555 (69) 248 (91.5) < 0.001 2803 (70.7) 1199 (88.6) 183 (93.4) 0.057 1382 (89.2)

Sodium, aver-
age > 145 mmol/L

160 (4.3) 34 (12.5) < 0.001 194 (4.9) 113 (8.3) 30 (15.3) 0.003 143 (9.2)

Total parenteral 
feeding

90 (2.4) 21 (7.7) 0.19 111 (2.8) 70 (5.2) 21 (10.7) 0.968 91 (5.9)

Daily intake (kcal) 678 [339 to 
1177]

1136 [658 to 
1495]

< 0.001 705 [357 to 
1214]

1300 [974 to 
1619]

1368 [1111 to 
1676]

0.056 1312 [985 to 
1630]

Daily intake form 
enteral feeding (kcal)

315 [0 to 880] 830 [467 to 
1278]

< 0.001 100 [0 to 717] 790 [49 to 
1174]

864 [475 to 
1171]

0.039 803 [60 to 1173]

 Admission day 1 
(kcal)

0 [0 to 288] 279 [95 to 530] < 0.001 0 [0 to 308] 171 [0 to 435] 296 [56 to 543] 0.001 185 [0 to 448]

 Admission day 2 
(kcal)

314 [0 to 937] 818 [463 to 
1199

< 0.001 387 [0 to 959] 872 [477 to 
1199]

924 [596 to 
1248]

0.320 881 [480 to 1199]

 Admission day 3 
(kcal)

480 [0 to 1224] 1017 [510 to 
1439]

< 0.001 588 [0 to 1247] 1199 [802 to 
1508]

1199 [847 to 
1507]

0.964 1199 [808 to 
1506]

Length of ICU stay (h) 51 [38 to 115] 120 [54 to 244] < 0.001 55.0 [38.0 to 
119.0]

143 [99 to 261] 190 [121 to 
330]

< 0.001 148 [102 to 269]

Mean BG (mmol/L) 8.3 ± 1.2 7.9 ± 1.3 < 0.001 8.3 ± 1.2 8.0 ± 1.0 8.0 ± 0.9 0.606 8.0 ± 1.0

MAG change 
(mmol/L/h)

0.36 [0.22 to 
0.57]

0.43 [0.28 to 
0.60]

0.001 0.4 [0.2 to 0.6] 0.3 [0.2 to 0.5] 0.4 [0.3 to 0.5] 0.007 0.4 [0.2 to 0.5]
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The cohort admitted > 72  h had less elective (cardio-
thoracic) surgery patients (29% vs 44%), and the over-
all severity of disease score was more or less the same 
(APACHE IV-predicted mortality 25.2% vs 22.4%). 
The > 72  h cohort used more intravenous insulin and 
glucose.

Main results
We analyzed all included patients (n = 3966) and 
the patients with a length of stay > 72  h separately. 
In the complete cohort, a history of insulin use and 
liver cirrhosis, as well as mean BG and BG variability 

Data are presented as mean ± standard deviation, median [interquartile range] or number (%). Percentages might not sum up to 100 due to rounding

APACHE Acute Physiological and Chronic Health Evaluation, BG blood glucose, ICU intensive care unit, MAG mean absolute glucose, SOFA Sequential Organ Failure 
Assessment
a P values are based on the Student’s t test or the Mann–Whitney U test for continuous data, and on the Chi-square test (with continuity correction), ANOVA or 
Kruskal–Wallis for categorical data, comparing ICU survivors with ICU non-survivors
b Based on the use of any diabetes medication before admission
c Based on the Intensive Care National Audit and Research Centre (ICNARC) model
d BG data are based on point-of-care measurements with the handheld Accu-Chek device
e Number of patients with at least one BG measurement < 2.2 mmol/L or < 4.4 mmol/L
f Weight is based on the admission weight as measured by the bed weighting scale

Table 1 (continued)

Variable All patients Admitted > 72 h

ICU survivors 
(n = 3695)

ICU non‑
survivors 
(n = 271)

p  valuea All (n = 3966) ICU survivors 
(n = 1354)

ICU non‑
survivors 
(n = 196)

p  valuea All > 72 h 
(n = 1550)

Time in glycemic 
ranges

 BG percent-
age < 4.4 mmol/L

0.0 [0.0 to 0.0] 0.0 [0.0 to 3.0] < 0.001 0.0 [0.0 to 0.0] 0.0 [0.0 to 0.6] 0.0 [0.0 to 2.2] < 0.001 0.0 [0.0 to 1.0]

 BG percentage 
4.4–5.9 mmol/L

5.4 [0.0 to 13.7] 9.5 [3.6 to 20.0] < 0.001 5.7 [0.0 to 14.3] 8.7 [4.3 to 14.9] 8.8 [4.1 to 16.7] 0.878 8.7 [4.3 to 15.0]

 BG percentage 
6.0–9.0 mmol/L

61.1 [45.5 to 
75.0]

58.0 [42.9 to 
70.0]

0.006 60.9 [45.5 to 
75.0]

64.1 [51.5 to 
75.0]

62.9 [50.0 to 
70.6]

0.340 63.9 [51.3 to 74.5]

 BG percentage 
9.1–11.1 mmol/L

20.8 [10.0 to 
31.0]

17.4 [8.6 to 
25.8]

< 0.001 20.3 [9.9 to 
30.8]

18.9 [9.1 to 
26.9]

18.8 [11.7 to 
25.9]

0.939 18.8 [9.6 to 26.8]

 BG percent-
age > 11.1 mmol/L

3.0 [0 to 14.3] 4.2 [0 to 11.9] 0.22 3.1 [0.0 to 13.7] 3.7 [0.0 to 10.7] 4.8 [0.0 to 10.9] 0.221 3.9 [0.0 to 10.7]

Incidence 
BG < 2.2 mmol/Le

15 (0.4) 6 (2.2) < 0.001 21 (0.5) 11 (0.8) 4 (2.0) 0.211 15 (1.0)

Incidence 
BG < 4.4 mmol/Le

535 (14.5) 120 (44.3) < 0.001 655 (16.5) 371 (27.4) 88 (44.9) < 0.001 459 (29.6)

Intravenous insulin 
(IU)

 Number of patients 2931 (79.3) 237 (87.5) 0.001 3168 (79.9) 1205 (89.0) 184 (93.9) 0.049 1389 (89.6)

 Total amount during 
admission

64 [15 to 187] 216 [60 to 530] < 0.001 69.0 [17.0 to 
205.0]

215 [80 to 483] 398 [171 to 
834]

< 0.001 232 [85 to 514]

 Amount per day 18.7 [4.8 to 
39.3]

34.4 [12 to 
60.1]

< 0.001 19.5 [5.2 to 
40.7]

27.3 [11.4 to 
53.8]

39.9 [22.9 to 
64.1]

< 0.001 29.0 [12.2 to 55.1]

 Amount per kg per 
 dayf

0.24 [0.06 to 
0.48]

0.43 [0.17 to 
0.77]

< 0.001 0.3 [0.1 to 0.5] 0.3 [0.1 to 0.6] 0.5 [0.3 to 0.8] < 0.001 0.4 [0.2 to 0.7]

Intravenous glucose 
(g)

 Number of patients 1674 (45.3) 233 (86.0) < 0.001 1907 (48.1) 993 (73.3) 177 (90.3) < 0.001 1170 (75.5)

 Total amount during 
admission

0.0 [0.0 to 7.8] 27.1 [5.1 to 
96.7]

< 0.001 0.0 [0.0 to 10.4] 8.7 [0.0 to 33.9] 38.4 [11.7 to 
103.5]

< 0.001 10.2 [0.5 to 40.6]

 Amount per day 0.0 [0.0 to 1.4] 3.2 [1.2 to 11.9] < 0.001 0.0 [0.0 to 1.8] 1.1 [0.0 to 3.3] 3.5 [1.5 to 9.0] < 0.001 1.3 [0.1 to 3.9]

Fluid balance (L) 2.2 [0.46 to 4.3] 9.3 [4.4 to 17.7] < 0.001 2.4 [0.6 to 4.7] 2.1 [− 0.5 to 
5.4]

8.6 [4.4 to 18.0] < 0.001 2.7 [− 0.2 to 6.4]
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[expressed as mean absolute glucose (MAG) change], 
was associated with a higher mortality risk (Table 2).

The following variables are independently associated 
with ICU and hospital mortality in multiple regression 
analysis (Table 3): age, APACHE IV PM, maximal SOFA 
score, hypernatremia (average sodium > 145  mmol/L), 
percentage BG measurements < 4.4  mmol/L and the 
amount of intravenous insulin and fluid balance. Glucose 
intake increased the risk of ICU mortality and showed 
a trend toward hospital mortality. We found no interac-
tion between insulin and glucose infusion on ICU mor-
tality. The mean BG concentration had a protective effect 
on both ICU and hospital mortality (OR 0.83 [95% CI 
0.70–0.99] and OR 0.76 [95% CI 0.66–0.88], respectively). 
A higher daily intake and cardiac surgery patients were 
protective too.

Table  4 shows the result of the univariate analyses 
for the cohort of patients admitted > 72 h. A higher age, 
higher APACHE and maximum SOFA score, a longer 
stay at the ICU and the administration of intravenous 

insulin, intravenous glucose, steroids and a higher fluid 
load were significantly associated with ICU and hospital 
mortality. Likewise, the occurrence of hypernatremia and 
low BG measurements were associated with mortality. 
Patients who were admitted for cardiothoracic surgery 
had a lower mortality risk. The severity of disease scores 
(and length of stay) as well as the glycemic measures had 
a VIF value lower than three, indicating low collinearity 
levels.

Table 5 shows the odds ratios (ORs) for ICU and hos-
pital mortality after correction for confounders. In this 
cohort, the following variables are associated with ICU 
and hospital mortality: age, APACHE IV PM, maximal 
SOFA score, hypernatremia, percentage BG measure-
ments < 4.4 mmol/L and the amount of intravenous insu-
lin increased the risk of mortality. With regard to ICU 
mortality, the OR for intravenous insulin was 1.06 per 
0.1  IU/day added (95% CI 1.02–1.09). A higher glucose 
load per day showed a trend toward higher ICU mortality 
with an OR of 1.01 per g/day added (95% CI 1.00–1.01; 

Table 2 Univariate logistic regression analysis for the association with ICU and hospital mortality in all included patients 
(n = 3966)

For categorical variables, no was used as reference category

APACHE Acute Physiology and Chronic Health Evaluation, BG blood glucose, BMI body mass index, CI confidence interval, ICU intensive care unit, IU international unit, 
IV intravenous, MAG mean absolute glucose, OR odds ratio

Variable ICU mortality (n = 309) Hospital mortality (n = 455)

OR (95% CI) p value OR (95% CI) p value

Age (per 10 years) 1.14 (1.04, 1.25) 0.006 1.26 (1.16, 1.36) < 0.001

Gender (male as reference) 1.19 (0.94, 1.51) 0.148 1.15 (0.94, 1.41) 0.172

BMI (per kg/m2) 1.01 (0.99, 1.03) 0.438 1.00 (0.98, 1.01) 0.577

History of diabetes 1.19 (0.91, 1.57) 0.203 1.27 (1.01, 1.60) 0.039

History of insulin use 1.55 (1.09, 2.22) 0.015 1.50 (1.10, 2.04) 0.010

History of liver cirrhosis 2.46 (1.27, 4.76) 0.007 3.81 (2.25, 6.47) < 0.001

Cardiothoracic surgery patients 0.22 (0.16, 0.30) < 0.001 0.16 (0.12, 0.21) < 0.001

APACHE IV PM (per %) 1.04 (1.04, 1.05) < 0.001 1.04 (1.04, 1.05) < 0.001

Maximum SOFA score (per point) 1.50 (1.45, 1.56) < 0.001 1.41 (1.36, 1.45) < 0.001

Corticosteroids during admission 3.88 (2.67, 5.63) < 0.001 3.28 (2.46, 4.38) < 0.001

Average sodium > 145 mmol/L 3.26 (2.25, 4.74) < 0.001 3.53 (2.55, 4.89) < 0.001

Total parenteral feeding 0.79 (0.47, 1.33) 0.370 0.80 (0.49, 1.30) 0.359

Daily intake (all sources, per 100 kcal) 1.02 (1.01, 1.03) < 0.001 1.03 (1.02, 1.03) < 0.001

Length of ICU stay (per day) 1.04 (1.03, 1.05) < 0.001 1.04 (1.03, 1.05) < 0.001

Mean BG (per mmol/L) 0.80 (0.72, 0.89) < 0.001 0.81 (0.75, 0.88) < 0.001

MAG change (per mmol/L/h) 1.48 (1.03, 2.11) 0.034 1.32 (0.97, 1.80) 0.083

Percentage BG < 4.4 mmol/L (per %) 1.07 (1.05, 1.09) < 0.001 1.07 (1.05, 1.09) < 0.001

Percentage BG > 11.1 mmol/L (per %) 1.00 (0.99, 1.01) 0.649 1.00 (0.99, 1.01) 0.613

Incidence glucose < 2.2 mmol/L 4.81 (1.85, 12.48) 0.001 3.11 (1.20, 8.07) 0.019

Incidence glucose < 4.4 mmol/L 3.88 (3.04, 4.97) < 0.001 3.51 (2.83, 4.34) < 0.001

IV insulin per kg per day (per 0.1 IU) 1.10 (1.07, 1.12) < 0.001 1.10 (1.08, 1.12) < 0.001

IV glucose per day (per g increase) 1.01 (1.01, 1.02) < 0.001 1.01 (1.01, 1.02) < 0.001

Fluid balance (per L increase) 1.22 (1.19, 1.24) < 0.001 1.17 (1.15, 1.19) < 0.001
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Table 3 Multivariate logistic regression analysis for  the  association with  ICU and  hospital mortality in  all included 
patients (n = 3966)

For categorical variables, ‘no’ was used as reference category

APACHE Acute Physiology and Chronic Health Evaluation, BG blood glucose, BMI body mass index, CI confidence interval, ICU intensive care unit, IU international unit, 
IV intravenous, MAG mean absolute glucose, OR odds ratio

Variable ICU mortality (n = 309) Hospital mortality (n = 455)

Adjusted OR (95% CI) p value Adjusted OR (95% CI) p value

Age (per 10 years) 1.21 (1.07, 1.36) 0.002 1.38 (1.25, 1.52) < 0.001

Cardiothoracic surgery patients 0.61 (0.39, 0.96) 0.032 0.34 (0.23, 0.49) < 0.001

APACHE IV PM (per %) 1.02 (1.01, 1.03) < 0.001 1.02 (1.01, 1.03) < 0.001

Maximum SOFA score (per point) 1.26 (1.19, 1.34) < 0.001 1.18 (1.13, 1.24) < 0.001

Average sodium > 145 mmol/L 2.09 (1.29, 3.40) 0.003 2.17 (1.44, 3.27) < 0.001

Daily intake (from all sources, per 100 kcal) 0.92 (0.89, 0.95) < 0.001 0.94 (0.91, 0.97) < 0.001

Mean BG (per mmol/L) 0.83 (0.70, 0.99) 0.040 0.76 (0.66, 0.88) < 0.001

Percentage BG < 4.4 mmol/L (per %) 1.02 (1.00, 1.05) 0.089 1.02 (1.00, 1.05) 0.050

IV insulin per kg per day (per 0.1 IU) 1.09 (1.05, 1.13) < 0.001 1.09 (1.06, 1.13) < 0.001

IV glucose per day (per g increase) 1.01 (1.00, 1.01) 0.021 1.00 (1.00, 1.01) 0.094

Fluid balance (per L increase) 1.11 (1.08, 1.13) < 0.001 1.08 (1.06, 1.11) < 0.001

Table 4 Univariate logistic regression analysis for  the  association with  ICU and  hospital mortality in  the  cohort 
of patients admitted > 72 h (n = 1550)

For categorical variables (yes/no), no was used as reference category

APACHE Acute Physiology and Chronic Health Evaluation, BG blood glucose, BMI body mass index, CI confidence interval, ICU intensive care unit, IU international unit, 
IV intravenous, MAG mean absolute glucose, OR odds ratio

Variable ICU mortality (n = 196) Hospital mortality (n = 286)

OR (95% CI) p value OR (95% CI) p value

Age (per 10 years) 1.16 (1.02, 1.31) 0.019 1.30 (1.16, 1.45) < 0.001

Gender (male as reference) 1.06 (0.78, 1.44) 0.715 0.96 (0.73, 1.26) 0.768

BMI (per kg/m2) 0.99 (0.97, 1.02) 0.640 0.98 (0.96, 1.01) 0.155

History of diabetes 1.00 (0.70, 1.43) 0.999 1.26 (0.94, 1.70) 0.127

History of insulin use 1.11 (0.69, 1.78) 0.681 1.18 (0.79, 1.77) 0.424

History of liver cirrhosis 0.99 (0.29, 3.34) 0.983 2.29 (0.97, 5.39) 0.059

Cardiothoracic surgery patients 0.47 (0.32, 0.69) < 0.001 0.33 (0.23, 0.47) < 0.001

APACHE IV PM (per %) 1.03 (1.02, 1.03) < 0.001 1.03 (1.02, 1.03) < 0.001

Maximum SOFA score (per point) 1.38 (1.31, 1.44) < 0.001 1.29 (1.24, 1.35) < 0.001

Corticosteroids during admission 1.82 (1.01, 3.27) 0.046 1.73 (1.07, 2.81) 0.027

Average sodium > 145 mmol/L 1.99 (1.29, 3.06) 0.002 2.10 (1.43, 3.08) < 0.001

Total parenteral feeding 0.95 (0.53, 1.70) 0.849 0.95 (0.55, 1.63) 0.851

Daily intake (from all sources, per 100 kcal) 1.01 (0.99, 103) 0.448 1.01 (0.99, 1.03) 0.209

Length of ICU stay (per day) 1.02 (1.00, 1.03) 0.009 1.02 (1.01, 1.03) 0.003

Mean BG (per mmol/L) 0.96 (0.83, 1.12) 0.606 0.97 (0.85, 1.11) 0.675

MAG change (per mmol/L/h) 1.32 (0.74, 2.36) 0.349 1.39 (0.84, 2.29) 0.198

Percentage BG < 4.4 mmol/L (per %) 1.09 (1.05, 1.13) < 0.001 1.09 (1.05, 1.13) < 0.001

Percentage BG > 11.1 mmol/L (per %) 1.00 (0.98, 1.01) 0.782 1.00 (0.99, 1.02) 0.722

Incidence BG < 2.2 mmol/L 2.54 (0.80, 8.07) 0.113 1.64 (0.52, 5.20) 0.397

Incidence BG < 4.4 mmol/L 2.16 (1.59, 2.93) < 0.001 2.03 (1.56, 2.65) < 0.001

IV insulin per kg per day (per 0.1 IU) 1.07 (1.04, 1.10) < 0.001 1.07 (1.05, 1.10) < 0.001

IV glucose per day (per g increase) 1.01 (1.00, 1.01) < 0.001 1.01 (1.00, 1.01) < 0.001

Fluid balance (per L increase) 1.14 (1.12, 1.17) < 0.001 1.11 (1.09, 1.14) < 0.001
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p = 0.08). We found no interaction between insulin and 
glucose infusion on ICU mortality. Additional file  1: 
Table  S3 shows the adjusted ORs for ICU and hospital 
mortality per stratum of intravenous insulin adminis-
tration (with no insulin as a reference group). The ORs 
increase linearly as insulin dose rose, but groups are 
not significantly different. Likewise, Additional file  1: 
Table S4 shows the results for intravenous glucose.

Discussion
With this study, we explored the association between 
intravenous insulin and glucose infusion and ICU and 
hospital mortality. In this mixed population of criti-
cally ill patients, the amount of intravenous insulin and 
glucose infusion was both associated with ICU mortal-
ity after correction for confounders. Glucose infusion 
was not related to hospital mortality. However, based 
on these results, it is unknown whether this association 
is an epiphenomenon (since more severely ill patients 
have more dysglycemia) or represents a true harm from 
insulin and glucose infusion. Furthermore, age, severity 
of disease (expressed as maximum SOFA score), hyper-
natremia and percentage low BG measurements were 
all associated with mortality, as can be expected. Addi-
tionally, we analyzed patients admitted > 72 h, to ensure 
a cohort of the most seriously ill patients. Results were 
roughly comparable with the complete cohort of patients 
admitted > 24 h.

Insulin
Intravenous insulin was associated with (ICU) mortal-
ity with an adjusted OR of 1.06 per 0.1 IU/kg added (95% 
CI 1.02–1.09). The average insulin use was 0.4  IU/kg/

day (IQR 0.2–0.7). The relationship between insulin and 
mortality was barely affected by adjustment for history 
of insulin use, severity of disease, low BG measurements 
and other confounding factors.

Our results are in line with a post hoc analysis of the 
first Leuven study that showed that the daily insulin 
dose was a risk factor for ICU mortality (OR 1.060 per 
10 IU/day added, 95% CI 1.02–1.09, p = 0.005). Since the 
ORs for mean BG exceeded those for the insulin dose, 
the authors concluded that glycemic control was more 
important than insulin dose in predicting mortality [34]. 
Only in patients admitted > 24  h, mean BG concentra-
tion seems to have a protective effect on mortality risk. 
Contrary to the limited amount of evidence in criti-
cally ill patients, in type 2 diabetes numerous epidemio-
logical studies have showed a (dose-dependent) relation 
between insulin and adverse events (e.g., cardiovascular 
events, malignancies and mortality) [32, 42–46]. How-
ever, all these types of studies are confounded by reverse 
causality and confounding, especially by the exposure to 
other (complex) BG lowering regimens [33]. Mechanistic 
studies suggested that the insulin resistance of type 2 dia-
betes leads to a chronic state of compensatory hyperin-
sulinemia, which induces renal fluid retention, increased 
sympathetic activity and cell proliferation and differentia-
tion [47, 48]. However, the effects of chronic hyperinsu-
linemia are unlikely to evoke in critical illness and data 
on the pathophysiological mechanism in ICU patients 
are scarce, although it is known that the regular insulin 
pathways react differently on exogenous insulin [31, 49].

Our results are in contrast to several studies in ICU 
patients that suggested that insulin infusion has protec-
tive effects on apoptosis after myocardial infarction [50] 

Table 5 Multivariate logistic regression analysis for  the  association with  ICU and  hospital mortality in  the  cohort 
of patients admitted > 72 h (n = 1550)

For categorical variables, ‘no’ was used as reference category

APACHE Acute Physiology and Chronic Health Evaluation, BG blood glucose, BMI body mass index, CI confidence interval, ICU intensive care unit, IU international unit, 
IV intravenous, OR odds ratio

Variable ICU mortality (n = 196) Hospital mortality (n = 286)

Adjusted OR (95% CI) p value Adjusted OR (95% CI) p value

Age (per 10 years) 1.25 (1.07, 1.46) 0.005 1.43 (1.25, 1.64) < 0.001

Cardiothoracic surgery patients 0.68 (0.39, 1.18) 0.167 0.46 (0.28, 0.73) 0.001

APACHE IV PM (per %) 1.01 (1.00, 1.02) 0.010 1.01 (1.01, 1.02) < 0.001

Maximum SOFA score (per point) 1.23 (1.15, 1.31) < 0.001 1.15 (1.08, 1.21) < 0.001

Average sodium > 145 mmol/L 2.00 (1.18, 3.40) 0.010 1.97 (1.25, 3.12) 0.004

Daily intake (from all sources, per 100 kcal) 0.91 (0.87, 0.96) < 0.001 0.95 (0.91, 0.99) 0.007

Percentage BG < 4.4 mmol/L (per %) 1.06 (1.01, 1.12) 0.025 1.07 (1.02, 1.12) 0.003

IV insulin per kg per day (per 0.1 IU) 1.06 (1.02, 1.09) 0.002 1.06 (1.03, 1.09) < 0.001

IV glucose per day (per g increase) 1.01 (1.00, 1.01) 0.083 1.00 (1.00, 1.01) 0.204

Fluid balance (per L increase) 1.10 (1.07, 1.12) < 0.001 1.08 (1.05, 1.10) < 0.001
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and induced lowering of inflammation markers [30], but 
those studies were not designed to assess clinical out-
comes. However, the association between insulin use 
and mortality will be strongly influenced by the severity 
of disease, which will result in higher insulin resistance. 
We tried to correct for this by using both the APACHE 
IV-predicted mortality score and the maximum SOFA 
score, which might reflect the occurrence of organ failure 
during admission. In this study, we found no independent 
association between glucose variability and mortality, in 
contrast to previous studies in this and other ICUs. How-
ever, theoretically it could be argued that insulin use is 
one of the patient-related factors that could link glycemic 
variability to mortality, although there are to our knowl-
edge no studies investigating this pathophysiological link.

Glucose
The amount of glucose infused was low in this popula-
tion with a median daily i.v. load of 0 in all patients and 
1.3 g per day in patients with a length of stay > 72 h. It is 
therefore remarkable that after correction for confound-
ers, intravenous glucose infusion was associated with 
ICU mortality with an OR of 1.01 per g/day increase 
(95% CI 1.00–1.01). We corrected for hypernatremia, 
percentage low BG and total parenteral feeding since 
these are the main indication for intravenous glucose 
and carry a worse prognosis by themselves. This result 
is consistent with a retrospective study in 273 long-stay 
(> 7  days) patients in a Dutch ICU, showing that the 
amount of infused glucose was independently related to 
ICU and hospital mortality [51]. In that study, 66 g glu-
cose/day was infused. Moreover, the amount of infused 
insulin was not different between ICU survivors and 
non-survivors, but unlike our ICU, insulin therapy was 
only started above a glucose level of 12  mmol/L at dis-
cretion of the attending physician. In the Leuven study, 
glucose infusion was 200–260 g/day (from admission day 
2 onward). Nevertheless, from these studies it remained 
uncertain whether infusion of exogenous glucose is also 
harmful when blood glucose is kept in range with the use 
of insulin. In contrast, several post hoc analyses of recent 
trials that compared early versus late parenteral nutrition 
found no association between glucose dose and worse 
outcome [52, 53].

Limitations
In this study, we included a mixed cohort of critically ill 
patients, while it is plausible that there are important dif-
ferences depending on the underlying illness. By using 
data from patients who were admitted > 72 h, we excluded 
the main part of the less severely ill, elective surgery, 
patients. However, included patients still differ in their 
nature and severity of disease. In general, more severely 

ill patients might have higher insulin needs (due to more 
insulin resistance) and higher glucose needs (due to con-
ditions like liver failure, ileus, etc.). We tried to correct 
for this, but since this study was retrospective by design, 
we cannot draw conclusions on causality and the associa-
tions that were found can still be an epiphenomenon.

The standard of care in our ICU differs from the local 
practice in other ICUs. Here, patients do not receive par-
enteral feeding routinely. Almost all patients received 
a single dose of dexamethasone (1  mg/kg with a maxi-
mum of 100 mg) on admission to the ICU to reduce the 
systemic inflammatory reaction and to achieve shock 
reversal as part of the local practice. Glucocorticoids are 
known to impair insulin-mediated glucose uptake in skel-
etal muscles [54]. As almost all patients received steroids, 
we cannot assess their effect on the outcome measures. 
Continuous renal replacement therapy is carried out with 
the use of a commercially prepared bicarbonate-buffered 
hemofiltration replacement solution (HF32bic, Dirinco 
BV, Oss, the Netherlands). This replacement fluid con-
tains one mmol/l glucose-anhydrate. Glucose can easily 
cross the membrane and contribute to a positive or nega-
tive glucose balance depending on patients’ character-
istics [55, 56]. Since targeted BG levels in ICU patients 
are between 6 and 9 mmol/L, theoretically there will on 
average be a gradient toward glucose removal. All this 
together limits generalizability, and results should be 
interpreted with caution.

Conclusions
In conclusion, we found arguments for an association 
between intravenous insulin and glucose with ICU and 
hospital mortality in this retrospective cohort study of 
critically ill patients. However, due to the single-center 
design with local practice, results should be interpreted 
with caution. Future research is needed to explore the 
relationship between intravenous insulin with negative 
ICU outcome.

Additional file

Additional file 1. Characteristics of patients receiving glucose 5% 
(n = 1818).

Abbreviations
APACHE: Acute Physiology and Chronic Health Evaluation; BG: blood glucose; 
ICU: intensive care unit; IQR: interquartile range; IV: intravenous; MCMC: 
Markov chain Monte Carlo; OR: odds ratio; PDMS: patient data management 
system; SD: standard deviation; STROBE: Strengthening the Reporting of 
Observational Studies in Epidemiology; TPV: total parenteral feeding.

Authors’ contributions
All authors contributed to conception and design of the research and 
contributed to acquisition, analysis, or interpretation of the data; SCS drafted 

https://doi.org/10.1186/s13613-019-0507-x


Page 11 of 12van Steen et al. Ann. Intensive Care            (2019) 9:29 

the manuscript; JHD, SR and PHJV critically revised the manuscript; and SCS 
agreed to be fully accountable for ensuring the integrity and accuracy of the 
work. All authors read and approved the final manuscript.

Author details
1 Department of Endocrinology, Amsterdam UMC, University of Amsterdam, 
Amsterdam, The Netherlands. 2 Department of Intensive Care, OLVG Hospital, 
P.O. Box 95500, 1090 HM, Amsterdam, The Netherlands. 3 TIAS, School for Busi-
ness and Society, Tilburg University, Tilburg, The Netherlands. 

Acknowledgements
The authors would like to thank E. Rood for the helpful technical assistance.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Consent for publication
Not applicable.

Ethics approval and consent to participate
This retrospective cohort study was conducted according to the principles 
of the Declaration of Helsinki [35] and in accordance with the Dutch medical 
Research Involving Human Subjects Act (WMO). The study protocol was 
approved by the institutional review board of the OLVG, who waived the 
requirement for informed consent.

Funding
This study was investigator-initiated and did not receive any funding.

Publisher’s Note
 Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 20 July 2018   Accepted: 4 February 2019

References
 1. McCowen KC, et al. Stress-induced hyperglycemia. Crit Care Clin. 

2001;17(1):107–24.
 2. Dungan KM, et al. Stress hyperglycaemia. Lancet. 

2009;373(9677):1798–807.
 3. Mizock BA. Alterations in carbohydrate metabolism during stress: a 

review of the literature. Am J Med. 1995;98(1):75–84.
 4. McGuinness OP, et al. Impact of acute epinephrine removal on hepatic 

glucose metabolism during stress hormone infusion. Metabolism. 
1999;48(7):910–4.

 5. Robinson LE, van Soeren MH. Insulin resistance and hyperglycemia 
in critical illness: role of insulin in glycemic control. AACN Clin Issues. 
2004;15(1):45–62.

 6. Krinsley JS. Association between hyperglycemia and increased hospital 
mortality in a heterogeneous population of critically ill patients. Mayo 
Clin Proc. 2003;78(12):1471–8.

 7. Finney SJ, et al. Glucose control and mortality in critically ill patients. 
JAMA. 2003;290(15):2041–7.

 8. Bagshaw SM, et al. Early blood glucose control and mortality in critically 
ill patients in Australia. Crit Care Med. 2009;37(2):463–70.

 9. Egi M, et al. Variability of blood glucose concentration and short-term 
mortality in critically ill patients. Anesthesiology. 2006;105(2):244–52.

 10. Dandona P, et al. Proinflammatory effects of glucose and anti-inflamma-
tory effect of insulin: relevance to cardiovascular disease. Am J Cardiol. 
2007;99(4a):15b–26b.

 11. Esposito K, et al. Inflammatory cytokine concentrations are acutely 
increased by hyperglycemia in humans: role of oxidative stress. Circula-
tion. 2002;106(16):2067–72.

 12. Ingels C, et al. Glucose homeostasis, nutrition and infections during criti-
cal illness. Clin Microbiol Infect. 2018;24(1):10–5.

 13. der Voort PH, et al. Intravenous glucose intake independently related to 
intensive care unit and hospital mortality: an argument for glucose toxic-
ity in critically ill patients. Clin Endocrinol (Oxf ). 2006;64(2):141–5.

 14. Rhodes A, et al. Surviving sepsis campaign: international guide-
lines for management of sepsis and septic shock. Crit Care Med. 
2017;45(3):486–552.

 15. Van den Berghe G, et al. Intensive insulin therapy in critically ill patients. N 
Engl J Med. 2001;345(19):1359–67.

 16. Van den Berghe G, et al. Intensive insulin therapy in the medical ICU. N 
Engl J Med. 2006;354(5):449–61.

 17. De La Rosa C, et al. Strict glycaemic control in patients hospitalised in a 
mixed medical and surgical intensive care unit: a randomised clinical trial. 
Crit Care. 2008;12(5):R120.

 18. Brunkhorst FM, et al. Intensive insulin therapy and pentastarch resuscita-
tion in severe sepsis. N Engl J Med. 2008;358(2):125–39.

 19. Arabi YM, et al. Intensive versus conventional insulin therapy: a rand-
omized controlled trial in medical and surgical critically ill patients. Crit 
Care Med. 2008;36(12):3190–7.

 20. Vlasselaers D, et al. Intensive insulin therapy for patients in paediatric 
intensive care: a prospective, randomised controlled study. Lancet. 
2009;373(9663):547–56.

 21. Finfer S, et al. Intensive versus conventional glucose control in critically ill 
patients. N Engl J Med. 2009;360(13):1283–97.

 22. Preiser JC, et al. A prospective randomised multi-centre controlled trial on 
tight glucose control by intensive insulin therapy in adult intensive care 
units: the glucontrol study. Intensive Care Med. 2009;35(10):1738–48.

 23. Marik PE, Preiser JC. Toward understanding tight glycemic control in the 
ICU: a systematic review and metaanalysis. Chest. 2010;137(3):544–51.

 24. Lena D, et al. Glycemic control in the intensive care unit and during the 
postoperative period. Anesthesiology. 2011;114(2):438–44.

 25. Jacobi J, et al. Guidelines for the use of an insulin infusion for the 
management of hyperglycemia in critically ill patients. Crit Care Med. 
2012;40(12):3251–76.

 26. Moghissi ES, et al. American Association of Clinical Endocrinologists 
and American Diabetes Association consensus statement on inpatient 
glycemic control. Diabetes Care. 2009;32(6):1119–31.

 27. Saltiel AR, Kahn CR. Insulin signalling and the regulation of glucose and 
lipid metabolism. Nature. 2001;414(6865):799–806.

 28. Sun Q, et al. New insights into insulin: the anti-inflammatory effect and its 
clinical relevance. World J Diabetes. 2014;5(2):89–96.

 29. Chaudhuri A, et al. Anti-inflammatory and profibrinolytic effect of 
insulin in acute ST-segment-elevation myocardial infarction. Circulation. 
2004;109(7):849–54.

 30. Langouche L, et al. Intensive insulin therapy protects the endothelium of 
critically ill patients. J Clin Invest. 2005;115(8):2277–86.

 31. Mesotten D, et al. Regulation of insulin-like growth factor binding 
protein-1 during protracted critical illness. J Clin Endocrinol Metab. 
2002;87(12):5516–23.

 32. Price HI, et al. Comparative cardiovascular morbidity and mortality in 
patients taking different insulin regimens for type 2 diabetes: a system-
atic review. BMJ Open. 2015;5(3):e006341.

 33. Gamble JM, et al. Association of insulin dosage with mortality or major 
adverse cardiovascular events: a retrospective cohort study. Lancet 
Diabetes Endocrinol. 2017;5(1):43–52.

 34. Van den Berghe G, et al. Outcome benefit of intensive insulin therapy 
in the critically ill: insulin dose versus glycemic control. Crit Care Med. 
2003;31(2):359–66.

 35. The World Medical Association. Declaration of Helsinki—ethical princi-
ples for medical research involving human subjects. 64th WMA General 
Assembly, Fortaleza, Brazil. 2013.

 36. Von Elm E, et al. The Strengthening the Reporting of Observational 
Studies in epidemiology (STROBE) statement: guidelines for reporting 
observational studies. Int J Surg. 2014;12(12):1495–9.

 37. Rood E, et al. Use of a computerized guideline for glucose regulation in 
the intensive care unit improved both guideline adherence and glucose 
regulation. J Am Med Inform Assoc. 2005;12(2):172–80.

 38. Siegelaar SE, et al. Mean glucose during ICU admission is related to mor-
tality by a U-shaped curve in surgical and medical patients: a retrospec-
tive cohort study. Crit Care. 2010;14(6):R224.



Page 12 of 12van Steen et al. Ann. Intensive Care            (2019) 9:29 

 39. Hermanides J, et al. Glucose variability is associated with intensive care 
unit mortality. Crit Care Med. 2010;38(3):838–42.

 40. Sechterberger MK, et al. The effect of diabetes mellitus on the association 
between measures of glycaemic control and ICU mortality: a retrospec-
tive cohort study. Crit Care. 2013;17(2):R52.

 41. Committee for Medicinal Products for Human Use. Guideline on adjust-
ment for baseline covariates in clinical trials. http://www.ema.europ a.eu/
docs/en_GB/docum ent_libra ry/Scien tific _guide line/2015/03/WC500 
18492 3.pdf (2015). Accessed 1 Mar 2018.

 42. Gamble JM, et al. Insulin use and increased risk of mortality in type 2 
diabetes: a cohort study. Diabetes Obes Metab. 2010;12(1):47–53.

 43. Currie CJ, et al. Survival as a function of HbA(1c) in people with type 2 
diabetes: a retrospective cohort study. Lancet. 2010;375(9713):481–9.

 44. Mellbin LG, et al. Prognostic implications of glucose-lowering treatment 
in patients with acute myocardial infarction and diabetes: experiences 
from an extended follow-up of the diabetes mellitus insulin–glucose 
infusion in acute myocardial infarction (DIGAMI) 2 study. Diabetologia. 
2011;54(6):1308–17.

 45. Bowker SL, et al. Glucose-lowering agents and cancer mortality rates in 
type 2 diabetes: assessing effects of time-varying exposure. Diabetologia. 
2010;53(8):1631–7.

 46. Currie CJ, et al. The influence of glucose-lowering therapies on cancer risk 
in type 2 diabetes. Diabetologia. 2009;52(9):1766–77.

 47. Currie CJ, Johnson JA. The safety profile of exogenous insulin in people 
with type 2 diabetes: justification for concern. Diabetes Obes Metab. 
2012;14(1):1–4.

 48. Wang CC, et al. Insulin affects vascular smooth muscle cell phe-
notype and migration via distinct signaling pathways. Diabetes. 
2003;52(10):2562–9.

 49. Mesotten D, Van den Berghe G. Mechanisms of insulin-induced altera-
tions in metabolism during critical illness. Nestle Nutr Workshop Ser Clin 
Perform Programme. 2004;9:69–75.

 50. Gao F, et al. Nitric oxide mediates the antiapoptotic effect of insu-
lin in myocardial ischemia-reperfusion: the roles of PI3-kinase, Akt, 
and endothelial nitric oxide synthase phosphorylation. Circulation. 
2002;105(12):1497–502.

 51. Van der Voort PH, et al. Intravenous glucose intake independently related 
to intensive care unit and hospital mortality: an argument for glucose 
toxicity in critically ill patients. Clin Endocrinol. 2006;64(2):141–5.

 52. Casaer MP, et al. Role of disease and macronutrient dose in the rand-
omized controlled EPaNIC trial: a post hoc analysis. Am J Respir Crit Care 
Med. 2013;187(3):247–55.

 53. Vanhorebeek I, et al. Effect of early supplemental parenteral nutrition in 
the paediatric ICU: a preplanned observational study of post-randomisa-
tion treatments in the PEPaNIC trial. Lancet Respir Med. 2017;5(6):475–83.

 54. Venkatesan N, et al. Dexamethasone-induced impairment in skeletal 
muscle glucose transport is not reversed by inhibition of free fatty acid 
oxidation. Metabolism. 1996;45(1):92–100.

 55. New AM, et al. Continuous renal replacement therapy: a potential source 
of calories in the critically ill. Am J Clin Nutr. 2017;105(6):1559–63.

 56. Stevenson JM, et al. In vitro glucose kinetics during continuous renal 
replacement therapy: implications for caloric balance in critically ill 
patients. Int J Artif Organs. 2013;36(12):861–8.

http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2015/03/WC500184923.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2015/03/WC500184923.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2015/03/WC500184923.pdf

	The association of intravenous insulin and glucose infusion with intensive care unit and hospital mortality: a retrospective study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design
	Patients
	Exposures and outcome
	Standard ICU care
	Data collection
	Statistical analysis

	Results
	Participants
	Baseline and admission-related characteristics
	Main results

	Discussion
	Insulin
	Glucose
	Limitations

	Conclusions
	Authors’ contributions
	References




