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Mortality for ambulant patients with diabetes is two to
four times greater than for the general population, with
life expectancy considerably reduced.1-4 The presence
of diabetes also appears to be associated with reduced
life expectancy for non-critically ill patients who survive
an episode of hospitalisation, particularly for patients
presenting due to ischaemic heart disease.5-8 Interestingly,
however, despite diabetes being a risk factor for the
development and severity of critical illness due to any
precipitant, the presence of diabetes does not appear to
confer a greater risk of death within the index hospital
admission for patients admitted to an intensive care unit,
once adjusted for severity of acute illness.9,10
Acute mortality has decreased substantially for all critically
ill patients admitted to ICU,11 but longer-term outcomes
for patients who survive to hospital discharge remain poor,
with up to 40% of patients dying in the subsequent 5
years.12 In patients with a chronic illness, such as diabetes,
it is uncertain whether an episode of critical illness and ICU
admission results in a pivotal change to their health, or
just identifies those on a trajectory of worsening health.13
The impact of diabetes on survival after critical illness may,
therefore, be more or less substantial than its impact in the
ambulant, non-critically ill population.
Given that the prevalence of diabetes in ICU patients
is reported to be as high as 25%,14 understanding the
prognosis for this group of patients is clinically important.
However, data about the long-term prognostic impact of
diabetes on ICU patients are conflicting and limited, with
study follow-up periods having been restricted to 1 year.15,16
Our objectives were to evaluate the effect of diabetes
on long-term survival rates and on average years of life lost
for patients admitted to the ICU who survived to hospital
discharge.

Methods
We performed a retrospective, multicentre observational
study across all public hospital ICUs in South Australia (SA).
Public intensive care services in SA (population 1.7 million)
are exclusively provided by four tertiary hospitals. Patient
demographic, hospital episode and ICU admission data
were collected prospectively at each contributing hospital
for ongoing submission to the Australia and New Zealand

ABSTRACT
Objective: Long-term outcomes of critically ill patients
with diabetes are unknown. Our objectives were to
evaluate the effect of diabetes on both long-term survival
rates and the average number of years of life lost for
patients admitted to an intensive care unit who survived to
hospital discharge.
Design and participants: A data linkage study evaluating
all adult patients in South Australia between 2004 and
2011 who survived hospitalisation that required admission
to a public hospital ICU.
Main outcome measures: All patients were evaluated
using hospital coding for diabetes, which was crossreferenced with registration with the Australian National
Diabetes Services Scheme for a diagnosis of diabetes.
This dataset was then linked to the Australian National
Death Index. Longitudinal survival was assessed using
Cox proportional hazards regression. Life-years lost were
calculated using age- and sex-specific life-tables from the
Australian Bureau of Statistics.
Results: 5450 patients with diabetes and 17 023 patients
without diabetes were included. Crude mortality rates were
105.5 per 1000 person-years (95% CI, 101.6–109.6 per
1000 person-years) for patients with diabetes, and 67.6 per
1000 person-years (95% CI, 65.9-69.3 per 1000 personyears) for patients without diabetes. Patients with diabetes
were older and had higher illness severity scores on
admission to the ICU, were more likely to die after hospital
discharge (unadjusted hazard ratio [HR], 1.52 [95% CI,
1.45–1.59]; adjusted HR, 1.16 [95% CI, 1.10–1.21];
P < 0.0001) and suffered a greater number of average lifeyears lost.
Conclusions: Our study indicates that crude mortality for
ICU survivors with pre-existing diabetes is considerable
after hospital discharge, and the risk of mortality is greater
than for survivors without diabetes.
Crit Care Resusc 2017; 19: 303-309

Intensive Care Society (ANZICS) Adult Patient Database.
Data from each ICU from 1 January 2004 to 31 December
2011, inclusive, were combined and linked to populationbased datasets to match:
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• International Classification of Diseases (ICD-10) coding
for diabetes through a composite SA hospital dataset
• registration with the Australian National Diabetes Services
Scheme (NDSS) with a diagnosis of diabetes
• mortality through the Australian National Death Index,
up to 1 July 2015.
The NDSS is a national register, with more than 80% of
Australians who have diabetes and have been hospitalised
registered.17 Patients were deemed to have “known
diabetes” if ICD-10 codes from the diabetes chapter
(E10-E14) were present in the current or any previous
hospital separation, and/or if the patient was registered with
the NDSS as having diabetes before, or within 30 days of
hospital separation. Average life-years lost were calculated
from the Australian Bureau of Statistics (ABS) life-tables for
SA residents, 2015,18 categorised by sex, and referenced to
age at ICU admission.
The protocol was approved by the Research Ethics
Committee of the Royal Adelaide Hospital with the need for
informed consent waived. Access to data for the purpose
of performing this research was approved by the NDSS,
which is maintained by Diabetes Australia, and by the SA
Department of Health, with third-party data-matching
performed by the Australian Institute of Health and Welfare.

Figure 1. Derivation of the study sample

ICU = intensive care unit.

Statistical analysis
Data are presented as frequencies
with proportions for categorical
variables, and means with standard
deviations (SDs) or medians with
interquartile ranges (IQRs) for
continuous
variables.
Betweengroup comparisons were performed
by t, Wilcoxon rank-sum or 2 tests,
as indicated. Patient survival was
analysed using Cox proportional
hazards regression with betweengroup effects shown as hazard ratios
(HRs) with 95% confidence intervals
(CIs). Between-group comparisons
were
considered
statistically
significant at P < 0.05. Inclusion of
covariates in multivariate models
was set at P < 0.1. All analyses were
performed using Stata/MP, version
14.1 (StatCorp).

Table 1. Demographic data, by study group
Characteristic

Results
Baseline characteristics
During the 8-year capture period, there
were 22 473 separations from ICU of

Control group Diabetes group

Total

P*

Separations, n (%)

17 023 (76%)

5450 (24%)

22 473

–

Men, n (%)

10 122 (59%)

3174 (58%)

13 296 (59%)

0.11

Indigenous Australian, n (%)

798 (4.7%)

416 (7.6%)

1214 (5.4%)

< 0.0001

Mean age, years (SD)

57.6 (19.7)

64.7 (14.9)

59.3 (18.9)

< 0.0001

Median APACHE III score (IQR) 54 (38–72)

62 (48–80)

56 (41–74)

< 0.0001

2.2 (1.1–4.5)

2.0 (1.0–4.2)

< 0.0001

Median length of stay, days (IQR)
Intensive care unit
Hospital
Acute renal failure, n (%)

2.0 (1.0–4.1)
11.4 (6.1–21.7)
413 (2.4%)

12.8 (7.3–23.8) 11.8 (6.4–22.1) < 0.0001
339 (6.2%)

752 (3.4%)

< 0.0001

Median blood glucose level, (IQR)
Maximum

8.2 (6.9–9.9)

11.1 (8.6–14.8)

Minimum

5.9 (5.1–6.8)

6.5 (5.2–8.0)

6.0 (5.1–7.0)

< 0.0001

855 (5.0%)

430 (7.9%)

1285 (5.7%)

< 0.0001
0.004

Hypoglycaemic,† n (%)

8.7 (7.1–10.9) < 0.0001

APACHE-IIIj diagnostic group, n (%)
Medical

10 370 (60.9%)

3440 (63.1%)

13 810 (61.4%)

Surgical

6653 (39.1%)

2010 (36.9%)

8663 (38.6%)

Elective surgical

558 (8.4%)

152 (7.6%)

710 (8.2%)

6095 (91.6%)

1858 (92.4%)

7953 (91.8%)

Cardiothoracic

1480 (8.7%)

664 (12.2%)

2144 (9.5%)

< 0.0001

Trauma

1719 (10.1%)

124 (2.3%)

1843 (8.2%)

< 0.0001

Emergency surgical
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patients who survived to hospital discharge and fulfilled study
eligibility criteria; 5450 separations were for patients (24%)
who had diabetes, and 17 023 (76%) were for patients
who constituted the control group (Figure 1). Non-index
(repeat) ICU admissions were excluded. The group baseline
characteristics are outlined in Table 1. Both groups contained

0.24

SD = standard deviation. IQR = interquartile range. APACHE = Acute Physiology and Chronic
Health Evaluation. * Determined by 2, t or rank-sum tests, as indicated. † Defined as blood
glucose < 4.0 mmol/L.
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more men than women (59%).
However, patients with diabetes
were older, had higher illness
severity scores, were more likely to
be Indigenous Australians, were
more likely to have a medical rather
than surgical diagnosis, and were
less likely to have suffered trauma,
but more likely to have undergone
cardiothoracic
surgery.
Patients
with diabetes also had increased
peak blood glucose concentrations
but were more likely to have
hypoglycaemic episodes within the
first 24 hours and were more likely
to have acute renal failure.

Mortality

Table 2. Data analysis for covariates in the multivariable Cox proportional hazards model
Covariate

HR

SE

Z*

Pr > Z*

95% CI

Diabetes

1.16

Hospital B

0.92

0.0275

6.09

0.0000

1.1033–1.2113

0.0313

–2.36

0.0180

0.8636–0.9865

Hospital C
Hospital D

0.90

0.0292

–3.11

0.0020

0.8489–0.9635

0.87

0.0321

–3.78

0.0000

Age (years)

0.8090–0.9351

1.05

0.0009

53.96

0.0000

1.0449–1.0484

Male

1.17

0.0260

7.08

0.0000

1.1205–1.2226

Indigenous

1.87

0.1049

11.20

0.0000

1.6779–2.0899

APACHE-III score

1.00

0.0004

8.65

0.0000

1.0030–1.0047

APACHE-III diagnostic group†
Cardiothoracic surgical

0.36

0.0207

–17.80

0.0000

0.3243–0.4055

Trauma

0.43

0.0314

–11.56

0.0000

0.3715–0.4950

Surgical

0.84

0.0519

–2.90

0.0040

0.7395–0.9433

Emergency

0.76

0.0689

–3.03

0.0020

0.6359–0.9074

Emergency surgical

1.38

0.1534

2.93

0.0030

1.1136–1.7198

Chronic health condition

Patients were followed for a median
Respiratory
1.58
0.0552
13.16
0.0000
1.4781–1.6946
of 5.1 years (IQR, 3.1–7.3 years)
Cardiovascular
0.98
0.0069
–2.81
0.0050
0.9670–0.9940
after hospital discharge. A total of
HIV-positive
1.00
0.1470
–0.02
0.9810
0.7463–1.3306
2672 patients with diabetes (49%)
AIDS
1.10
0.1620
0.63
0.5270
0.8222–1.4662
and 5972 control patients (35%)
Immune suppressed, disease
1.49
0.1525
3.90
0.0000
1.2191–1.8210
died during the observation period.
Immune suppressed, treatment
0.94
0.0134
–4.23
0.0000
0.9157–0.9682
Crude mortality rates were therefore
Cirrhosis
2.26
0.1436
12.82
0.0000
1.9950–2.5595
105.5 per 1000 person-years (95%
Metastatic cancer
2.82
0.1494
19.63
0.0000
2.5464–3.1330
CI, 101.6–109.6 per 1000 personHaematological malignancy
2.06
0.1848
8.02
0.0000
1.7239–2.4521
years) and 67.6 per 1000 personAcute hepatic failure
1.43
0.2289
2.25
0.0240
1.0479–1.9597
years (95% CI, 65.9–69.3 per 1000
Cardiac arrest
0.87
0.1049
–1.15
0.2480
0.6871–1.1020
person-years),
respectively.
The
HR = hazard ratio. SE = standard error. CI = confidence interval. APACHE = Acute Physiology
unadjusted HR was 1.52 (95% CI,
and Chronic Health Evaluation. HIV = human immunodeficiency virus. AIDS = acquired immune
deficiency syndrome. * Z-statistic and probability for HR = 0. † APACHE-IIIj diagnostic groups, as per
1.45–1.59; P < 0.0001). Diabetes
the Australian and New Zealand Intensive Care Society Adult Patient Database.
remained an independent risk
factor for death when adjusted for
admitting hospital, age, sex, Aboriginal or Torres
Figure 2. Average life-years lost
Strait Islander status, Acute Physiology and
Chronic Health Evaluation (APACHE) III score,
cardiothoracic surgery status, trauma status,
and a medical v surgical admission diagnosis
interacted with emergency admission status
(HR, 1.16 [95% CI, 1.10–1.21]; P < 0.0001). We
performed a sensitivity analysis including chronic
disease (as per APACHE III) in the multivariate
model, but this did not significantly alter the
result (HR, 1.15 [95% CI, 1.10–1.20]) (Table 2).

Life-years lost
Average life-years lost showed a non-linear
relationship with age (Figure 2), increasing to
a peak in the fourth and fifth decades and
decreasing thereafter. Below the age of 50
years, patients with diabetes had an average

Shown are means with 95% CI; number of patients in each age group (adjacent to CI).
Solid line + black circles = diabetes group. Dashed line + white circles = control group.
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reduction in life expectancy of 9.84 years (SD, 1.82 years)
compared with controls, who lost an average of 5.95 years
(SD, 1.53 years), losing an additional 3.89 years (95% CI,
3.65–4.14 years; P < 0.0001).

Diabetes is associated with a large number of
comorbidities and complications, including renal failure,
neuropathy, cardiovascular disease and infection,19-22 all
of which may lead to ICU admission and may theoretically
contribute to worse outcomes after critical illness. Several
Causes of death
studies in multiple settings have reported increased
mortality and worse outcomes in patients with diabetes
Table 3 outlines the most frequent primary causes of death
after hospital discharge, including studies of ischaemic heart
during the follow-up period, as defined by the World
disease,6,7 out of hospital cardiac arrest,23 cardiac surgery9
Health Organization ICD-10 codes. Ischaemic heart disease
and diabetic ketoacidosis.24,25 However, studies examining
was the most common primary cause of death in both the
mortality in patients with diabetes after ICU admission have
diabetes and control groups. Diabetes was identified by the
yielded conflicting results.
responsible practitioner reporting the death as the primary
Most studies to date have evaluated in-hospital or shortcause of death in 11.4% of patients in the diabetes group.
term (up to 90-day) mortality and, surprisingly, have reported
that mortality is comparable or slightly lower in patients
Discussion
with diabetes than in control patients, despite diabetes
Our state-wide data linkage study indicates that crude
being identified as a risk factor for both the development
mortality for ICU survivors with pre-existing diabetes is
and the severity of critical illness.9,26-28 Consistent with
this signal, several observational studies have reported that
considerable after hospital discharge, and the risk of
patients with diabetes seem to be somewhat protected
mortality is greater than for survivors without diabetes.
from developing acute respiratory distress syndrome.29,30
Patients with diabetes represent an older cohort with
Various mechanisms have been proposed to explain the
increased illness severity on admission to ICU, but the
similar short-term outcomes of patients with and without
number of life-years lost associated with admission to ICU
diabetes. These include the anti-inflammatory effects of
is greater than for patients without diabetes.
insulin, the potential protective
effect of a higher body mass
Table 3. Top 20 primary causes of death within the follow-up period,
based on WHO classification
index, and chronic adaptation to
hyperglycaemia and associated
WHO ICD-10 causes of death
Control group Diabetes group
Total (%)
oxidative stress.31
Ischaemic heart diseases
649 (10.9%)
367 (13.7%)
1016 (11.8%)
Unlike previous studies, our study
Chronic lower respiratory diseases
507 (8.5%)
156 (5.8%)
663 (7.7%)
had a much longer period of followOther heart diseases
322 (5.4%)
144 (5.4%)
466 (5.4%)
up (a minimum of 4 years) after
Remainder of malignant neoplasms
321 (5.4%)
116 (4.3%)
437 (5.1%)
hospital discharge. Our findings
Cerebrovascular diseases
226 (3.8%)
112 (4.2%)
338 (3.9%)
are in keeping with three previous
studies which examined 1-year
Diabetes mellitus
25 (0.4%)
304 (11.4%)
329 (3.8%)
mortality in patients with diabetes
Malignant neoplasm, trachea/bronchus
251 (4.2%)
56 (2.1%)
307 (3.6%)
after ICU admission.15,16,32 In the
Malignant neoplasm, colon/rectum/anus
220 (3.7%)
86 (3.2%)
306 (3.5%)
largest of these studies, a Danish,
Other disease, genitourinary system
160 (2.7%)
107 (4.0%)
267 (3.1%)
population-based, cohort study
Other disease, digestive system
147 (2.5%)
58 (2.2%)
205 (2.4%)
of 45 018 patients, Christiansen
Other disease, respiratory system
142 (2.4%)
50 (1.9%)
192 (2.2%)
and colleagues reported that ICU
Diseases of liver
112 (1.9%)
67 (2.5%)
179 (2.1%)
patients with type 2 diabetes had
Other disease, nervous system
138 (2.3%)
31 (1.2%)
169 (2.0%)
a higher 1-year mortality rate than
Malignant neoplasm, pancreas
90 (1.5%)
56 (2.1%)
146 (1.7%)
control patients (HR, 1.19 [95%
Malignant neoplasm, lip/oral cavity
104 (1.7%)
20 (0.7%)
124 (1.4%)
CI, 1.10–1.28]); and mortality
Other disease, circulatory system
100 (1.7%)
23 (0.9%)
123 (1.4%)
was especially high in patients
Malignant neoplasm, liver/intrahepatic
84 (1.4%)
28 (1.0%)
112 (1.3%)
with diabetes and pre-existing
Pneumonia
68 (1.1%)
40 (1.5%)
108 (1.2%)
kidney disease.15 Smaller singleLeukaemia
78 (1.3%)
23 (0.9%)
101 (1.2%)
centre studies in Australia16 and
Other external causes
76 (1.3%)
20 (0.7%)
96 (1.1%)
The Netherlands32 also reported
increased 1-year mortality in
Total deaths (all causes)
5972
2672
8644
patients with diabetes after critical
WHO = World Health Organization. ICD = International Classification of Disease.
illness. In contrast, diabetes was not
306
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associated with increased mortality after ICU admission in a
single-centre study in Germany with a longer mean followup time of 490 days.33 However, important limitations in
this study included enrolment of only medical ICU patients
and the identification of diabetes solely from medical
records and medication charts.
Similarly to previous short-term observational and
interventional studies, in this study we observed that
patients with diabetes had a higher incidence of
hypoglycaemia.34-36 Such observations provide a persuasive
rationale for further study of liberal glucose control in
patients with type 2 diabetes, which may reduce this
risk,37,38 and we are currently enrolling patients into an
ANZICS Clinical Trials Group-endorsed trial (www.anzctr.
org.au ACTRN12616001135404) to address this issue.
Our study has a number of strengths. We identified
patients with diabetes using both hospital coding and
Australian NDSS data, so we are confident that our
approach was sensitive in capturing patients with “known”
diabetes. Any undiagnosed cases of diabetes would also
have biased our results towards a null association. We were
able to measure the longitudinal impact using Australian
National Death Index data and, by including all patients
admitted to a public hospital in SA, we believe our data
are generalisable to other regions with similar standards of
living and hospital systems. In addition, our cohort included
patients admitted with a variety of medical and surgical
diagnoses. The observed raw signal persisted when adjusted
for measured potential confounders, and was not altered
when we performed sensitivity analysis. Furthermore,
because patients with diabetes were older, we estimated
average life-years lost calculated from ABS life-tables for SA
residents. Therefore, we believe the signal we observed is
likely to represent a true association.
There are also certain limitations to our study. As with
all observational studies, there may be measured or
unmeasured confounding factors for which we were not
able to adequately adjust. Specifically, there may have been
an imbalance between the groups, in terms of acute-onchronic diagnoses, that we were unable to account for in the
analysis. We also have not provided information on the type
of diabetes nor on glycaemic control before hospitalisation.
Because there are no specific ABS life-tables for ICU survivors,
we used common population sex-adjusted and age-adjusted
life-tables to calculate average life-years lost. It should also
be recognised that we focused on post-hospital mortality
and only patients who survived initial hospitalisation were
included. However, over the study period of 2004–2011 in
SA public hospitals, the observed ICU mortality decreased
from 15.2% to 9.3% and the hospital mortality for ICU
survivors from 23.8% to 14.3%. These rates were similar to
those of other ICUs across Australia and New Zealand.11 Such
dramatic reductions in hospital mortality underlie approaches

to quantifying post-hospital morbidity and mortality. Finally,
because our study was retrospective in design and used data
linkage, we are unable to provide mechanistic explanations
for the signal observed.
The effect of diabetes on mortality after critical illness that
we observed in our study was less than that described in the
ambulant population, but our epidemiological data suggest
that survivors of ICU with diabetes are at considerable risk
of death. Based on our findings, patients with diabetes who
survive the ICU appear to be a vulnerable group, and further
evaluation of novel approaches to improve outcomes for
these patients is warranted. The evidence base for specific
interventions that improve outcomes after critical illness is
limited,39 but patients with diabetes are known to benefit
from specific rehabilitation programs after myocardial
infarction40 and studies of specialised ICU follow-up clinics
and tailored rehabilitation programs for high-risk patients
are ongoing.41,42

Conclusions
Evaluating long-term outcomes in a state-wide cohort of
over 20 000 survivors of critical illness, our data suggest
that patients with diabetes are more likely to die, and suffer
a greater loss in life-years, than survivors of critical illness
without diabetes.
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