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Abstract
Background: Emerging evidence indicates a relationship between glycemic vari-
ability during intensive care unit (ICU) admission and death. We assessed whether 
mean glucose, hypoglycemia occurrence, or premorbid glycemic control modified this 
relationship.
Methods: In this retrospective, multicenter cohort study, we included adult patients 
admitted to five ICUs in Australia and Sweden with available preadmission glycated 
hemoglobin A1c (HbA1c) and three or more glucose readings. We calculated the gly-
cemic lability index (GLI), a measure of glycemic variability, and the time-weighted av-
erage blood glucose (TWA-BG) from all glucose readings. We used logistic regression 
analysis with adjustment for hypoglycemia and admission characteristics to assess 
the independent association of GLI (above vs. below cohort median) and TWA-BG 
(above vs. below cohort median) with hospital mortality.
Results: Among 2305 patients, 859 (37%) had diabetes, median GLI was 40 [mmol/
L]2/h/week, median TWA-BG was 8.2 mmol/L, 171 (7%) developed hypoglycemia, 
and 371 (16%) died. The adjusted odds ratio for death was 1.61 (95% CI, 1.19-2.15; 
P = .002) for GLI above versus below median and 1.06 (95% CI, 0.80-1.41; P = .67) for 
TWA-BG above versus below median. The relationship between GLI and mortality 
was not modified by TWA-BG (P [interaction] = 0.66), a history of diabetes (P [interac-
tion] = 0.89) or by HbA1c ≥52 mmol/mol (vs. <52 mmol/mol) (P [interaction] = 0.29).
Conclusion: In adult patients admitted to an ICU in Sweden and Australia, a high GLI was 
associated with increased hospital mortality irrespective of the level of mean glycemia, 
hypoglycemia occurrence, or premorbid glycemic control. These findings support the 
assessment of interventions to reduce glycemic variability during critical illness.

1  | INTRODUC TION

Stress-hyperglycemia, a ubiquitous feature of critical illness, is 
associated with increased mortality in intensive care unit (ICU) 
patients.1-3 Consequently, the majority of ICU patients receive 

insulin to control blood glucose within a target range. Current ICU 
guidelines4,5 recommend targeting blood glucose within the mild 
hyperglycemia range (6-10 mmol/L) to prevent the harmful effects 
of hypoglycemia associated with exposure to normoglycemic tar-
gets (4.5-6 mmol/L).6
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Although insulin therapy effectively reduces the mean blood glu-
cose concentration toward a desired target range, it may also induce 
unnecessary and large glucose fluctuations (high glycemic variabil-
ity).7 Experimental human data suggest that such fluctuations trigger 
endothelial dysfunction and oxidative stress.8,9 Furthermore, clini-
cal studies suggest that high glycemic variability is independently 
associated with higher mortality in ICU patients.10,11 They also 
suggest that this association may be related to the mean glycemic 
level around which glucose fluctuates.12 Finally, emerging data also 
demonstrate that chronic premorbid glycemic control (ie, diabetes 
and level of glycated hemoglobin A1c [HbA1c]) significantly alters 
the relationship between glycemic variability and outcome.13,14

Unfortunately, no previous studies have provided data on the 
combined impact of HbA1c and mean blood glucose in ICU on gly-
cemic variability exposure and on its association with mortality. 
Moreover, previous studies have used unweighted measures of vari-
ability and/or mean blood glucose. This may have introduced sur-
veillance bias as more frequent glucose sampling typically occurs in 
sicker patients with more severe dysglycemia.

Accordingly, we aimed to assess the independent association of 
time-weighted measures of glycemic variability and mean blood glu-
cose with hospital mortality in critically ill patients. In addition, we 
aimed to investigate whether these associations were modified by 
the presence of diabetes or by the level of chronic glycemic control 
(expressed as HbA1c).

2  | MATERIAL S AND METHODS

The study was approved by the Swedish Ethical Review Authority 
(approval number 2016/1745-31) and the Austin Health Human 
Research Ethics Committee (LNR/16/Austin/430) with a waiver of 
informed consent. The study was performed in accordance with the 
ethical standards laid down in the 1964 Declaration of Helsinki and 
its later amendments.

2.1 | Study population

We conducted a retrospective observational binational multicenter 
study including adult (>16 y) ICU patients included in two existing 
HbA1c databases. Patients were admitted to four ICUs in Sweden 
(between March and August 2016)15 and one ICU in Australia (be-
tween October 2012 and September 2015). We excluded patients 
with less than three blood glucose readings, patients with unknown 
admission diagnosis, and patients without mortality or illness se-
verity data. We also excluded patients admitted with diabetic 
ketoacidosis or hyperosmolar hyperglycemic state. Target blood 
glucose was 5-10 mmol/L in the Swedish cohort. In the Australian 
cohort, target blood glucose was 6-10 mmol/L for all patients until 
February 2015. Thereafter, target blood glucose was 6-10 mmol/L 
for patients without diabetes and 10-14 mmol/L for patients with 
diabetes.16

2.2 | Data collection

The databases contained all available arterial and venous blood glu-
cose concentrations obtained in ICU. Blood glucose was measured 
by the Radiometer ABL825 (Australia) or ABL800 Flex (Sweden) 
blood gas analyzer (Radiometer Medical A/S, Brønshøj, Denmark). 
Demographic data, admission characteristics, ICU mortality, hospital 
mortality, and HbA1c obtained within 3 mon before admission to the 
ICU were also included. Diabetes diagnosis was determined by as-
sessing electronic medical records for an International Classification 
of Diseases, 10th edition (ICD-10) code of diabetes or by an HbA1c 
level of ≥48 mmol/mol (cutoff recommended by the World Health 
Organization). In addition, a history of diabetes was obtained by 
chart review of the patient's medical records (notes, chronic diabetes 
medication) in the Swedish cohort. The Simplified Acute Physiology 
Score (SAPS) 317 was used to assess illness severity in Sweden, and 
the Acute Physiology and Chronic Health Evaluation (APACHE) III 
score18 was used to assess illness severity in Australia. To obtain a 
combined measure of illness severity for the entire study cohort, 
we calculated the percentage estimated risk of death from SAPS 3 
(Swedish patients) and APACHE III score (Australian patients) using 
published Equations17,18

2.3 | Operational definitions

To avoid surveillance bias, we calculated each patient's time-
weighted average blood glucose (TWA-BG) concentration and 
glycemic lability index (GLI) from all recorded blood glucose concen-
trations in the ICU. GLI was used to quantify glycemic variability and 
was calculated according to the following formula19:

in which h = time, Glun (mmol/L) = the nth reading taken at time hn, 
and N = total number of readings. To create a weekly average measure 
of GLI (in [mmol/L]2/h/week) as reported in previous publications,12,14 
we multiplied GLI with the number of hours in 1 wk (168) divided by 
the number of hours under observation. A detailed example of the GLI 
calculation is provided in Table S1.

Patients were allocated into four groups according to whether 
their TWA-BG and GLI levels were above or below the whole study 

GLI
(

(mmol∕L)2 ∕h
)

∕week =

N
∑

n=1

(Glun − Glun+1)
2∕

(

hn+1 − hn

)

Editor Comments

This international cohort study of 2305 adult ICU patients 
suggests that glycemic variability is associated with in-
creased risk of death. Whether this effect is causal or can 
be explained by confounding by indication remains to be 
determined.
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cohort medians. Group 1 contained patients with both TWA-BG and 
GLI below median. Group 2 contained patients with TWA-BG below 
median and GLI above median. Group 3 contained patients with 
TWA-BG above median and GLI below median. Group 4 contained 
patients with both TWA-BG and GLI above median. We defined hy-
poglycemia as a blood glucose level ≤3.9 mmol/L, moderate hypo-
glycemia as a blood glucose level >2.2 and ≤3.9 mmol/L, and severe 
hypoglycemia as a blood glucose level ≤2.2 mmol/L.20

2.4 | Outcomes

The primary outcome was hospital mortality.

2.5 | Statistical analysis

Data were analyzed using STATA version 15.1 (Stata Corp., College 
Station, TX). The final dataset of included patients contained no 
missing data. Categorical variables were summarized as numbers (%) 
and compared using the chi-square test. Continuous variables were 
assessed for normality by visual inspection of histograms. Variables 
with normal distribution were summarized as mean (standard devia-
tion) and compared using analysis of variance. Variables with non-
normal distribution were summarized as median (interquartile range) 
and compared using the Kruskal–Wallis test. The association be-
tween GLI and TWA-BG, respectively, with mortality was assessed 
using multivariable logistic regression analysis. In the analysis, both 
variables were dichotomized at the median for the cohort. In addi-
tion, we considered the occurrence of hypoglycemia and the follow-
ing baseline variables for inclusion in the multivariable model: age 
(years), estimated risk of death (in quartiles), ICU admission source, 
sex, diabetes, HbA1c ≥52 mmol/mol (vs. below 52 mmol/mol) and 
country (Australia vs. Sweden). We also assessed the potential in-
teraction between TWA-BG and GLI. Variables were included in the 
multivariable model if they were statistically significant at P <  .10 
in the univariable analyses. Goodness of fit and model discrimina-
tion were determined using the Hosmer–Lemeshow test and area 
under the curve, respectively. The final model was assessed for 
multicollinearity.

To test the robustness of any association between GLI, TWA-BG, 
and mortality, we repeated the analysis using early GLI and TWA-BG 
calculated from blood glucose values obtained during the first 24 h. 
Additionally, we assessed these associations using GLI and TWA-BG 
as continuous variables. GLI and TWA-BG were found to be well 
approximated by log-normal distributions so were log-transformed 
before inclusion in the model. We performed sensitivity analyses to 
assess the association between GLI above (vs. below) median and hos-
pital mortality adjusted for estimated risk of death and TWA-BG in 
the following subgroups: diabetes versus no diabetes, HbA1c greater 
or equal to 52 mmol/mol versus less than 52 mmol/mol, admission 
from the emergency department versus admission from other loca-
tions, sepsis versus no sepsis, and country (Sweden vs. Australia). 

We determined heterogeneity by fitting an interaction between GLI 
above (vs. below) median and subgroup. In a similar sensitivity analy-
sis, we assessed the association between TWA-BG above (vs. below) 
median and hospital mortality across subgroups. A two-sided P value 
less than 0.05 was considered statistically significant.

3  | RESULTS

3.1 | Patients

The selection of study patients is shown in Figure 1. We included 
2305 patients in the final analysis. Number of patients included in 
each participating ICU is presented in Table S2. Baseline characteris-
tics of patients stratified according to median TWA-BG (8.2 mmol/L) 
and median GLI (40 [mmol/L]2/h/week) are presented in Table  1. 
Patients with TWA-BG above median (Groups 3 and 4) had higher 
HbA1c levels, were more likely to have diabetes and were more 
likely to be admitted due to cardiovascular causes than patients 
with TWA-BG below median (Groups 1 and 2). Conversely, patients 
with GLI above median (Groups 2 and 4) were more likely to be im-
munosuppressed and were more likely to be admitted due to liver 
failure, ARDS, and septic shock than patients with GLI below median 
(Groups 1 and 3). Irrespective of the TWA-BG, the estimated risk 
of death was greater in patients with GLI above the median than in 
patients with GLI below the median.

3.2 | Glucose metrics

We analyzed 60  574 glucose concentrations (median 8 [IQR 6-
11] concentrations/day). Blood glucose was measured more 
frequently in patients with GLI above median (Groups 2 and 4, 
median 9-10 measurements/day) than in patients with GLI below 

F I G U R E  1   Patient selection. DKA, diabetic ketoacidosis; HHS, 
hyperosmolar hyperglycemic state; HbA1c, glycated hemoglobin 
A1c. *None of the remaining patients in the Australian Database 
had DKA or HHS [Colour figure can be viewed at wileyonlinelibrary.
com]

www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
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median (Groups 1 and 3, median 7 measurements/day). Moreover, 
the proportion of patients exposed to at least one episode of 
hypoglycemia was higher in patients with GLI above median. 
Hypoglycemia was particularly common among those patients 
with GLI above median in combination with a TWA-BG below me-
dian (19.9%) (Table 2).

3.3 | Outcomes

Compared with patients with GLI below median (Group 1 and 3), 
patients with GLI above median (Groups 2 and 4) had a longer 
ICU stay (P <  .001). In addition, patients with GLI above median 
had significantly higher ICU and hospital mortality (Table 2). The 

TA B L E  1   Baseline characteristics

Characteristic

Time-weighted average blood glucose below cohort 
median

Time-weighted average blood glucose above cohort 
median

Overall 
P value

Group 1 (glycemic lability 
index below median)

Group 2 (glycemic lability 
index above median)

Group 3 (glycemic lability 
index below median)

Group 4 (glycemic lability 
index above median)

N (%) 810 (35.1%) 342 (14.8%) 343 (14.9%) 810 (35.1%)

Age, years 62 (17) 60 (18) 67 (12) 65 (13) <0.001

Male sex 546 (67.4%) 208 (60.8%) 236 (68.8%) 540 (66.7%) 0.11

HbA1c, mmol/mol 38 (6) 40 (10) 44 (12) 51 (17) <0.001

Diabetes 108 (13.3%) 78 (22.8%) 145 (42.3%) 528 (65.2%) <0.001

Immunosuppression 48 (5.9%) 27 (7.9%) 21 (6.1%) 71 (8.8%) 0.13

ICU admission 
source

<0.001

Emergency 
department

192 (23.7%) 105 (30.7%) 43 (12.5%) 183 (22.6%)

Other ICU 29 (3.6%) 17 (5.0%) 13 (3.8%) 15 (1.9%)

OR/HDU/Trauma 
room

412 (50.9%) 129 (37.7%) 232 (67.6%) 431 (53.2%)

Ward 177 (21.9%) 91 (26.6%) 55 (16.0%) 181 (22.3%)

ICU admission 
diagnosis

<0.001

Metabolic/
intoxication

56 (6.9%) 37 (10.8%) 2 (0.6%) 24 (3.0%)

Neurologic 60 (7.4%) 17 (5.0%) 26 (7.6%) 50 (6.2%)

Cardiovascular 264 (32.6%) 103 (30.1%) 148 (43.1%) 350 (43.2%)

Gastrointestinal 107 (13.2%) 46 (13.5%) 69 (20.1%) 113 (14.0%)

Respiratory 72 (8.9%) 33 (9.6%) 28 (8.2%) 65 (8.0%)

Sepsis 109 (13.5%) 54 (15.8%) 36 (10.5%) 112 (13.8%)

Trauma 91 (11.2%) 34 (9.9%) 13 (3.8%) 40 (4.9%)

Other 51 (6.3%) 18 (5.3%) 21 (6.1%) 56 (6.9%)

Selected admission 
diagnoses

Liver failure 12 (1.5%) 18 (5.3%) 5 (1.5%) 31 (3.8%) <0.001

ARDS 17 (2.1%) 19 (5.6%) 3 (0.9%) 31 (3.8%) 0.001

Septic shock 40 (4.9%) 30 (8.8%) 17 (5.0%) 44 (5.4%) 0.06

Country <0.001

Sweden 287 (35.4%) 191 (55.8%) 78 (22.7%) 280 (34.6%)

Australia 523 (64.6%) 151 (44.2%) 265 (77.3%) 530 (65.4%)

Estimated risk of 
death, %a 

11 (4-30) 21 (6-48) 9 (2-29) 19 (4-44) <0.001

Note: Data are presented as mean (SD) or median (IQR) for continuous measures, and n (%) for categorical measures.
Abbreviations: ARDS, acute respiratory distress syndrome; HbA1c, glycated hemoglobin A1c; HDU, high dependency unit; ICU, intensive care unit; 
OR, operating room.
aThe percentage estimated risk of death from SAPS 3 (Swedish patients) and APACHE III score (Australian patients) was calculated using published 
equations15,16.
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probability of death increased with increasing level of GLI and 
TWA-BG, respectively (Figure 2). On multivariable logistic regres-
sion analysis adjusted for TWA-BG, age, estimated risk of death, 
hypoglycaemia, ICU admission source, and country, we found an 
independent association between GLI above (vs. below) median 
and hospital mortality (adjusted odds ratio for GLI above median: 
1.60 [95% CI, 1.19-2.15]; P =  .002). In contrast, we found no sig-
nificant association between TWA-BG and mortality on multivari-
able analysis (Table 3). The relationship between GLI and mortality 
was not significantly modified by the level of TWA-BG (P value 
for interaction = 0.66). The association of GLI and TWA-BG with 
mortality remained when restricting GLI and TWA-BG calculations 
to the first 24 h (Table S3). Similarly, log-transformed GLI but not 
log-transformed TWA-BG was associated with mortality on mul-
tivariable analysis (Table  S4). The association between GLI and 
mortality did not differ significantly when comparing patients with 
and those without diabetes (P =  .89), patients with HbA1c above 
or equal to 52 mmol/mol and those with HbA1c below 52 mmol/
mol (P =  .29), patients who were or were not admitted from the 
emergency department (P = .18), patients with and those without 
sepsis (P =  .47), and patients admitted to ICU in Sweden and pa-
tients admitted to ICU in Australia (P  =  .25) (Figure  3). We also 
found no association between TWA-BG and mortality in any of the 
predefined subgroups (Figure S1).

4  | DISCUSSION

4.1 | Key findings

We conducted a retrospective observational multicentre study to 
evaluate the association between the glycemic lability index (GLI), 
a marker of glycemic variability, and hospital mortality in ICU pa-
tients and to assess whether this potential association was modified 

by the time-weighted average blood glucose (TWA-BG) level in ICU 
or by premorbid chronic glycemia (HbA1c) or the presence of diabe-
tes. We found that high glycemic variability, as determined by the 
GLI, was associated with increased hospital mortality independent 
of TWA-BG, age, diabetes, a high HbA1c, hypoglycaemia, and illness 
severity.

4.2 | Relationship to previous studies

Early studies demonstrated an independent association between 
glycemic variability, expressed as the standard deviation of blood 
glucose concentration during ICU stay, and mortality. However, 
these studies did not consistently consider mean blood glucose, 
hypoglycaemia, diabetes, and HbA1c levels in the analyses.10,11 In 
addition, since the standard deviation is correlated with the mean 
glucose,21 it is uncertain if mean glucose, glycemic variability, or 
both these metrics were responsible for the effect on mortality.

In a single center study of almost 6000 ICU patients, 
Hermanides et al found an association between higher glyce-
mic variability (expressed as mean absolute glucose change) and 
increased hospital mortality after adjusting for illness sever-
ity, diabetes, mean blood glucose, and severe hypoglycemia.22 
Unfortunately, because covariate regression coefficients were not 
reported, their significance in the multivariable model remained 
uncertain. Furthermore, mean absolute glucose change and mean 
blood glucose are not time weighted and hence are subject to sur-
veillance bias.

Ali et al used GLI to quantify glycemic variability in 1200 hospi-
talized patients with sepsis.12 In contrast to our results, they found 
a significant interaction between GLI and average hospital glucose 
level; GLI was associated with mortality only among patients with 
mean glucose below the cohort median (<7.4  mmol/L) suggesting 
that this subgroup was exposed to hypoglycemia. Although this 

F I G U R E  2   Unadjusted relationship 
between glycemic lability index (A), 
time-weighted average blood glucose (B) 
and probability of death. Independent 
continous values (x-axis) are presented on 
a logarithmic scale
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association was independent of hypoglycemia and insulin admin-
istration, the regression coefficients for these covariates were not 
reported.

It has been suggested that ICU patients with diabetes tolerate 
large glucose fluctuations better than those without diabetes.23 For 
example, in a cohort of 1600 ICU patients, risk of death progressively 
increased by quartiles of GLI but only in the diabetes subgroup.14 
In addition, Plummer et al found a significant interaction between 

HbA1c level and the relationship between glycemic variability and 
hospital mortality.13 Specifically, an association between the coeffi-
cient of variation and mortality was only seen among those patients 
with an HbA1c of 8.5% (69 mmol/mol) or lower.

In accord with most previous studies, our analysis of ICU pa-
tients from five ICUs in Sweden and Australia suggest that higher 
glycemic variability is associated with mortality independent of both 
the average glucose level and the occurrence of hypoglycemia. As 

TA B L E  3   Univariable and multivariable logistic regression analysis showing the association with hospital mortality

Variable

Univariable Multivariablea 

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Time-weighted average 
glucose

Below median 1.0 1.0

Above median 1.37 (1.10-1.71) 0.006 1.06 (0.80-1.41) 0.67

Glycemic lability index

Below median 1.0 1.0

Above median 2.26 (1.79-2.86) <0.001 1.60 (1.19-2.15) 0.002

Age, per year 1.03 (1.02-1.04) <0.001 1.01 (1.00-1.02) 0.07

Estimated risk of deathb 

Q1 1.0 1.0

Q2 vs. Q1 3.10 (1.44-6.65) 0.004 2.96 (1.37-6.41) 0.006

Q3 vs. Q1 10.95 (5.45-21-99) <0.001 8.10 (3.91-16.80) <0.001

Q4 vs. Q1 48.40 (24.55-95.42) <0.001 33.75 (16.30-69.89) <0.001

Hypoglycemiac 

No 1.0 1.0

Yes 2.90 (2.06-4.07) <0.001 1.50 (1.01-2.24) 0.04

ICU admission source

Emergency Department 1.0 1.0

Other ICU 1.00 (0.54-1.86) >0.99 1.21 (0.61-2.39) 0.59

OR/HDU/Trauma room 0.38 (0.28-0.52) <0.001 1.09 (0.77-1.55) 0.62

Ward 1.97 (1.48-2.63) <0.001 1.87 (1.35-2.59) <0.001

Country

Sweden 1.0 1.0

Australia 0.57 (0.46-0.72) <0.001 0.97 (0.74-1.28) 0.84

Sex

Female 1.0

Male 0.83 (0.66-1.04) 0.11

Diabetes

No 1.0

Yes 1.03 (0.82-1.31) 0.78

HbA1c ≥52 mmol/mol

No 1.0

Yes 0.93 (0.70-1.24) 0.63

Abbreviations: HDU, high dependency unit; ICU, intensive care unit; OR, operating room; Q, quartile.
aHosmer–Lemeshow goodness-of-fit test, P = .75. Model area under the receiver operating characteristics curve 0.84.
bThe percentage estimated risk of death from SAPS 3 (Swedish patients) and APACHE III score (Australian patients) was calculated using published 
equations15,16.
cHypoglycemia was defined as a blood glucose level ≤3.9 mmol/L.
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consistently demonstrated in the literature,3,20,24 hypoglycemia was 
an independent mortality predictor in our analysis. However, the as-
sociation was markedly weakened after adjustment for variability in 
our multivariable model. In contrast to previous data, the association 
between variability and mortality was seen in patients with and with-
out diabetes and in patients with higher (≥52 mmol/mol) and lower 
(<52 mmol/mol) HbA1c.

4.3 | Study implications

Our findings imply that high levels of glycemic variability may be 
harmful irrespective of whether such variability occurs above or 
below average glucose levels. Moreover, they imply that the harm-
ful effects of such variability is unrelated to the presence of pre-
existing diabetes or the level of premorbid chronic glycemia (ie, level 
of HbA1c). In addition, our findings imply that exposure to a higher 
average glucose level is safe if variability around that level is avoided. 
Accordingly, our results support the notion that strategies targeting 
a low GLI may be more valuable to patients than strategies targeting 
a given blood glucose level. Such strategies may include the use of 
more liberal glucose targets in patients with diabetes who are typi-
cally exposed to high glycemic variability in the ICU,16 the avoidance 
of insulin boluses, the avoidance of large increments in insulin ther-
apy from hour to hour, the use of more frequent or even continuous 
blood glucose monitoring,25 or a combination of these interventions. 
Finally, our results imply that glycemic variability should be an im-
portant outcome measure in future randomized trials of glycemic 
management.

4.4 | Strengths and limitations

Our study has several strengths. We included >2 000 patients ad-
mitted to five ICUs in two countries, thus providing a high degree 
of external validity with generalizability to similar populations. 
Additionally, we analyzed >60 000 blood glucose concentrations ob-
tained in the ICU and used time-weighted metrics, which increases 
the robustness of the key exposure variables. Moreover, the assess-
ment of GLI and TWA-BG as both continuous and binary variables 
produced consistent results. Finally, our findings are coherent with 
previous studies, a characteristic that further increases the validity 
of our results.

Our study has some limitations. It is an observational study and 
does not account for unmeasured confounders or imply causation. 
Therefore, our results should be considered exploratory. However, 
at this stage, ethical concern prevents randomizing patients to dif-
ferent glycemic variability levels. We lacked data on insulin and cor-
ticosteroid therapy and were therefore unable to assess their role 
in inducing glucose fluctuations. However, the prevalence of immu-
nosuppression, ARDS, and septic shock was greater among patients 
with GLI above median. This suggests that these patients might have 
been exposed to corticosteroids to a greater extent. Additionally, 
liver failure, a risk factor for hypoglycemia and glucose variabil-
ity, was more common among patients with GLI above median. 
Australian and Swedish patients were included during different time 
periods. Selection bias can therefore not be ruled out. However, 
country was accounted for in the multivariable analyses.

5  | CONCLUSIONS

In adult patients admitted to five ICUs in Sweden and Australia, 
high glycemic variability during ICU admission was associated with 
increased hospital mortality irrespective of the level of mean glyce-
mia, the occurrence of hypoglycemia, and the degree of acute illness 
severity. The observed association between glycemic variability and 
mortality was not modified by the presence of diabetes or by the 
level of chronic glycemic control. Our findings support further as-
sessment of strategies to reduce blood glucose fluctuations during 
critical illness.
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