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Insulin Therapy for Critically Ill
Hospitalized Patients
A Meta-analysis of Randomized Controlled Trials
Anastassios G. Pittas, MD; Richard D. Siegel, MD; Joseph Lau, MD

Background: Hyperglycemia is common in critically ill

hospitalized patients, and it is associated with adverse outcomes, including increased mortality. The objective of
this meta-analysis was to determine the effect of insulin
therapy initiated during hospitalization on mortality in
adult patients with a critical illness.
Methods: An electronic search in the English-

language articles of MEDLINE and the Cochrane Controlled Clinical Trials Register and a hand search of key
journals and relevant review articles were performed. Randomized controlled trials that reported mortality data on
critically ill hospitalized adult patients who were treated
with insulin were selected. Data on patient demographics, hospital setting, intervention (formulation and dosage of insulin, delivery method, and duration of therapy),
mortality outcomes, adverse events, and methodological quality were extracted.
Results: Thirty-five trials met the inclusion criteria.
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Combining data from all trials using a random-effects
model showed that insulin therapy decreases short-term
mortality by 15% (relative risk [RR], 0.85; 95% confidence interval [CI], 0.75-0.97). In subgroup analyses,
insulin therapy decreased mortality in the surgical
intensive care unit (RR, 0.58; 95% CI, 0.22-0.62), when
the aim of therapy was glucose control (RR, 0.71; 95%
CI, 0.54-0.93), and in patients with diabetes mellitus
(RR, 0.73; 95% CI, 0.58-0.90). A near-significant trend
toward decreasing mortality was seen in patients with
acute myocardial infarction who did not receive reperfusion therapy (RR, 0.84; 95% CI, 0.71-1.00). No randomized trials of insulin in the medical intensive care
unit were identified.
Conclusion: Insulin therapy initiated in the hospital in

critically ill patients has a beneficial effect on shortterm mortality in different clinical settings.
Arch Intern Med. 2004;164:2005-2011

YPERGLYCEMIA IS COM -

mon in hospitalized patients and is associated
with adverse outcomes,
including an increased
risk of in-hospital mortality.1,2 Hyperglycemia is most often seen in patients with
diabetes mellitus who display a worse
prognosis when hospitalized compared
with those without diabetes mellitus.3,4
However, even without diagnosed diabetes mellitus, in-hospital hyperglycemia of
new onset is common in the general hospital wards5,6 and in intensive care units,7,8
and it carries a higher risk for increased
in-hospital morbidity and mortality.2,9-13
Insulin administration has been used
in patients hospitalized with critical illnesses, other than hyperglycemic crises,
to improve clinical outcomes. A metaanalysis of trials that used insulin as a glucose-insulin-potassium (GIK) infusion
showed that GIK may have an important
role in reducing the in-hospital mortality
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after acute myocardial infarction.14 Since
the publication of this meta-analysis, there
have been additional trials examining the
effect of insulin therapy in treating critically ill patients with and without acute
myocardial infarction.
The objective of our meta-analysis
was to examine the effect of insulin therapy
initiated during hospitalization on mortality in adult patients hospitalized for a
critical illness, defined as acute myocardial infarction, stroke, coronary artery bypass grafting, or an illness requiring admission to the intensive care unit.
METHODS
DATA SOURCES
We searched MEDLINE (from January 1, 1966,
to April 24, 2003) and the Cochrane Controlled Clinical Trials Register (second quarter, 2003) for randomized controlled trials of
insulin in critically ill hospitalized adult pa-
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941 Potentially Relevant Titles Identified
and Screened for Retrieval

878 Excluded Based on Abstracts

63 Full-Text Manuscripts Retrieved
for Detailed Evaluation

28 Manuscripts Excluded Based on Detailed Evaluation:
14 Mortality Not Reported
4 Not a Controlled Trial
8 Continuation of Previously Reported Studies
1 Use of Enriched Glucose-Insulin-Potassium Solution
1 Control Group Not Identified

35 Reports of Randomized Controlled Trials
Included in the Meta-analysis

Figure 1. Search results.

tients. The following terms were used: insulin, glucose-insulinpotassium, GIK, hospital, intensive care unit, hyperglycemia, coronary artery bypass, CABG, myocardial infarction, stroke, mortality,
human, and clinical trial. Studies in pregnant women and children were excluded. We limited our search to articles published in the English language. Bibliographies of all relevant
retrieved articles from the search were examined manually for
additional articles. Relevant review articles, 14-19 monographs,20 and personal reference lists were also searched manually for additional articles. To minimize the effect of publication bias, we also searched for and reviewed abstracts published
in meeting proceedings.
STUDY SELECTION CRITERIA
Two reviewers (A.G.P. and R.D.S.) independently screened abstracts according to the inclusion criteria. An abstract was judged
relevant if it included original clinical trial data of critically ill
hospitalized adult patients who were treated with insulin (regardless of type and form) while hospitalized in which mortality outcomes were reported in relation to insulin therapy.
Full-text articles were retrieved and reviewed if a decision on
inclusion could not be made based on the abstract. Patients with
acute myocardial infarction or stroke, those undergoing coronary artery bypass grafting, and those in intensive care units
were defined as having a critical illness. The full text of relevant reports was reviewed, and studies that were randomized
and controlled were included in the analysis. We used the following features to assess the quality of the included reports:
allocation generation (proper randomization), allocation concealment, placebo-controlled status, blinding, and intentionto-treat analysis.
DATA EXTRACTION
The following data were collected from each report: year
published, source of publication, country of origin, clinical
condition or hospital setting, subject eligibility criteria (presence of diabetes mellitus and glucose threshold for initiating
insulin therapy in the control group), baseline characteris(REPRINTED) ARCH INTERN MED/ VOL 164, OCT 11, 2004
2006

tics of the study population (sample size for intervention
and control groups, age, and percentage male), intervention
(formulation and dosage of insulin, delivery method, duration of therapy, and whether a glucose goal for insulin
therapy was defined), duration of follow-up, mortality outcome (number of deaths and causes), adverse events (eg,
hypoglycemia), and methodological quality. For trials with
duplicate publications, the most complete or updated one
was eligible for consideration.
Controlled trials that reported short-term mortality (in hospital or within 30 days after discharge) in relation to insulin
therapy as an outcome were included in the meta-analysis. When
reported in the article, adverse events of insulin therapy such
as hypoglycemia were noted and recorded. The total number
of subjects with reported outcomes in each intervention or control arm was abstracted.
DATA SYNTHESIS
Each study contributed one result to the meta-analysis. Relative risk of mortality reduction was the primary measure of treatment effect. Relative risks from each included trial were combined using a random-effects model that weighted studies by
the inverse of the within-study and between-studies variances.21 We performed subgroup analyses in studies that differed in the following variables: methodological quality, maintenance of euglycemia as the target of insulin therapy, inclusion
of patients with diabetes mellitus, clinical condition or hospital setting, method of insulin administration (GIK vs nonGIK), and use of reperfusion therapy in studies of acute myocardial infarction.
RESULTS

SEARCH RESULTS
Our search results are summarized in Figure 1. The
initial search identified 941 potentially relevant
reports. Sixty-three reports were thought to be relevant, and the full text of these reports was retrieved
for detailed review. We excluded 28 for reasons shown
in Figure 1. The characteristics of the remaining 35
trials22-56 that were included in the meta-analysis are
summarized in Table 1.
In-hospital mortality among the studies ranged from
0% to 32% (median, 8%). Cardiac-related causes (arrhythmias and heart failure) were most common in patients admitted with myocardial infarction, while multiple organ failure with sepsis was the main cause of death
in the surgical intensive care unit. A statistically significant reduction of overall mortality was seen in only 2 studies.23,52 The rest of the studies showed a beneficial trend
or no benefit from insulin therapy, except for the study
by Ceremuzynski et al47 in which mortality was higher
in the insulin (administered as GIK) than the control
group. A higher incidence of noncardiac causes of death
in the GIK group (2.4% vs 0.2% in controls) accounted
for much of the increased mortality in the GIK group in
this study.
METHODOLOGICAL QUALITY
The reported methods quality of the included studies varied widely. Method of allocation generation, allocation
concealment, blinding status, and intention-to-treat analyWWW.ARCHINTERNMED.COM
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Table 1. Characteristics of Studies Included in the Meta-analysis

Source
Mittra,23 1965
Lundman and
Orinius,22 1965
Sievers et al,25 1966
Autio et al,24 1966
Pilcher et al,27 1967
Malach,26 1967
Pentecost et al,29
1968
MRC,28 1968
Iisalo and Kallio,30
1969
Hjermann,31 1971
Prather et al,32 1976
Heng et al,33 1977
Lolley et al,34 1978
Rogers et al,35 1979
Salerno et al,36 1980
Mantle et al,37 1981
Whitlow et al,38
1982
Oldfield et al,39 1986
Gradinac et al,40
1989
Davies et al,41 1991
Brodin et al,42 1993
Malmberg et al,43
1995

Total No. of
Properly
Hospital
Participants Randomized Setting

Reason for
Admission

Event
Rate in
Controls, %

Intervention
Type

Glucose
Duration Goal?

Reperfusion Therapy
(Thrombolysis
Diabetics
or PTCA)
Excluded?

170
26

Yes
No

Ward
Ward

AMI
AMI

28.2
7.7

GIK
GIK

14 d
72 h

No
No

No
No

IDDM only
Yes

104
301
102
101
200

No
No
NR
No
Yes

Ward
Ward
Ward
Ward
CCU

AMI
AMI
AMI
AMI
AMI

20.4
10.3
22.6
14.8
16.0

GIK
GIK
GIK
GIK
GIK

72 h
72 h
14 d
72 h
48 h

No
No
No
No
No

No
No
No
No
No

No
No
Yes
No
IDDM only

840
256

Yes
No

Ward
Ward

AMI
AMI

24.4
18.2

GIK
GIK

14 d
14 d

No
No

No
No

Yes
Yes

198
30
24
391
50
60
85
28

Yes
No
NR
NR
NR
NR
NR
Yes

Ward
CCU
CCU
OR
CCU
OR
CCU
CCU

AMI
AMI
AMI
CABG
AMI
CABG
AMI
AMI

16.7
8.3
0.0
1.1
14.8
0.0
9.1
0.0

GIK
GIK
GIK
GIK
GIK
GIK
GIK
GIK

10 d
48 h
12 h
44 mo
2d
8h
48 h
48 h

No
No
No
No
No
No
No
No

No
No
No
NA
No
NA
No
No

Yes
No
Yes
Yes
IDDM only
Yes
IDDM only
IDDM only

43
22

Yes
No

OR
SICU

MVR
CABG

8.7
9.1

GIK
GIK

12 h
48 h

NO
No

NA
NA

No
No

69
14
620

NR
NR
NR

CCU
OR
CCU

17.6
0.0
11.1

Insulin IV
GIK
Insulin IV
or SQ

24 h
NR
10 d

Yes
No
Yes

NR
NA
Thrombolysis

No
No
No

Lazar et al,44 1997
Diaz et al,45 1998

30
407

No
Yes

OR
CCU

AMI
CABG
AMI
Diabetes
mellitus
CABG
AMI

0.0
11.5

GIK
GIK

⬎12 h
24 h

No
No

Yes
No

Scott et al,48 1999
Ceremuzynski
et al,47 1999
Besogul et al,46
1999
Lazar et al,49 2000

50
954

Yes
Yes

Ward
CCU

Stroke
AMI

32.0
4.8

GIK
GIK

24 h
24 h

Yes
No

NA
Thrombolysis
or PTCA
NA
Thrombolysis

IDDM only
IDDM only

30

NR

OR

MVR

6.7

GIK

12 h

No

NA

No

40

No

OR

0.0

GIK

12 h

Yes

NA

No

1548

Yes

SICU

8.0

Insulin IV

3d

Yes

NA

No

72
20
44
381
41
1127

NR
NR
Yes
NR
Yes
Yes

CCU
OR
OR
OR
OR
OR

CABG
Diabetes
mellitus
Mechanical
ventilation
AMI
CABG
CABG
CABG
CABG
CABG

2.6
0.0
0.0
1.6
0.0
2.3

GIK
GIK
GIK
Insulin IV
GIK
Insulin IV

24 h
6h
10 h
2h
12 h
1h

No
Yes
Yes
Yes
No
No

Thrombolysis
NA
NA
NA
NA
NA

No
No
IDDM only
Yes
No
No

Van den Berghe
et al,52 2001
Ulgen et al,51 2001
Szabo et al,50 2001
Smith et al,56 2002
Groban et al,53 2002
Lell et al,54 2002
Rao et al,55 2002

Abbreviations: AMI, acute myocardial infarction; CABG, coronary artery bypass grafting; CCU, coronary care unit; GIK, glucose-insulin-potassium solution;
ICU, intensive care unit; IDDM, insulin-dependent diabetes mellitus (includes type 1 or type 2); IV, intravenous; OR, operating room; MRC, Medical Research Council;
MVR, mitral valve replacement; NA, not applicable; NR, not reported; PTCA, percutaneous transluminal coronary angioplasty; SICU, surgical intensive care unit;
SQ, subcutaneous.

sis were fully described in few manuscripts. The method
of allocation generation was clearly reported in 22 studies, and it was appropriate by current standards in 13 of
them. Blinding status was clearly reported in 10 studies,
and only 5 were double blinded.31,38,39,52,55 If we applied
strict criteria for inclusion such as appropriate randomization, double-blind status, and statistical methods that
were clearly stated in the manuscripts, only 2 studies47,52 would satisfy these criteria.
(REPRINTED) ARCH INTERN MED/ VOL 164, OCT 11, 2004
2007

META-ANALYSIS AND SUBGROUP ANALYSIS
When the data from all trials were combined using a random-effects model, insulin therapy in critically ill hospitalized adult patients was associated with a statistically significant 15% reduction in death relative to controls
(relative risk [RR], 0.85; 95% confidence interval [CI],
0.75-0.97) (Figure 2). The trials included in this review shared the use of insulin in critically ill hospitalWWW.ARCHINTERNMED.COM
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Total No. of
Participants 0.01

Source
Mittra,23 1965

0.10

1.00

10.00

100.00

170

Lundman and Orinius,22 1965

26

Sievers et al,25 1966

104

Autio et al,24 1966

301

Pilcher et al,27 1967

102

Malach,26 1967

101

Pentecost et al,29 1968

200

MRC,28 1968

840

Iisalo and Kallio,30 1969

256

Hjermann,31 1971

198

Prather et al,32 1976

Inclusion of Patients With Diabetes Mellitus
Next, we looked at whether inclusion of patients with
diabetes mellitus affected mortality. All studies excluded patients with severe or unstable hyperglycemia
on admission in whom therapy with insulin would be
clearly indicated. Combining data from studies that included patients with diabetes mellitus regardless of
whether they were treated with insulin before hospitalization showed a significant benefit of insulin therapy on
mortality (RR, 0.73; 95% CI, 0.58-0.90). There was also
a benefit of insulin therapy in studies that excluded patients with insulin-requiring diabetes mellitus, but this
effect was attenuated. In contrast, there was no benefit
of insulin therapy in trials that excluded all patients with
a history of diabetes mellitus.

30

Heng et al,33 1977

24

Lolley et al,34 1978

391

Rogers et al,35 1979

50

Salerno et al,36 1980

60

Mantle et al,37 1981

85

Whitlow et al,38 1982

28

Oldfield et al,39 1986

43

Gradinac et al,40 1989

22

Davies et al,41 1991

69

Brodin et al,42 1993

6.1 mmol/L). No benefit was seen when insulin was administered without regard to glucose levels. Most of the
trials that did not target euglycemia administered insulin
in the form of a GIK solution.

14

Malmberg et al,43 1995

Clinical Condition or Hospital Setting

620

Lazar et al,44 1997

30

Diaz et al,45 1998

407

Scott et al,48 1999

50

Ceremuzynski et al,47 1999
Besogul et al,46 1999

When we examined the clinical setting in which insulin
therapy was administered, we found that in patients admitted for acute myocardial infarction there was a trend
toward benefit with insulin therapy (RR, 0.84; 95% CI,
0.69-1.01). In the trials that administered insulin perioperatively for cardiac surgery, no benefit of insulin administration was appreciated. There was 1 large trial52
in the surgical intensive care unit that showed a significant benefit of 42% reduction in mortality with insulin
therapy. We found no randomized trials of insulin therapy
in the medical intensive care unit.

954
30

Lazar et al,49 2000

40

Van den Bergh et al,52 2001

1548

Ulgen et al,51 2001

72

Szabo et al,50 2001

20

Smith et al,56 2002

44

Groban et al,53 2002

381

Lell et al,54 2002

41

Rao et al,55 2002

1127

Overall

8478
Favors Insulin

Favors Control

GIK vs Non-GIK Method of Insulin Administration

ized patients. However, they differed in various factors,
as shown in Table 1. We performed subgroup analyses
(Table 2) to determine the effect of changing baseline
variables on mortality and to gain insight into the appropriate use of insulin in critically ill patients.

In most studies, insulin was administered as a GIK solution. When the data from all GIK trials were combined, there was a trend for GIK to reduce mortality that
did not reach statistical significance (RR, 0.90; 95% CI,
0.77-1.04). In contrast, when we combined the data from
the 5 trials that administered insulin by a method other
than GIK, there was a statistically significant relative risk
mortality reduction of 27% (RR, 0.73; 95% CI, 0.560.95) with insulin therapy.

Control of Glycemia

Insulin Therapy in Acute Myocardial Infarction

We compared trials in which the goal of insulin therapy
was to achieve glucose control vs trials that administered
insulin without aiming for a glucose goal. In the trials that
targeted glucose, a 29% reduction in mortality was seen
in patients randomized to insulin compared with controls (RR, 0.71; 95% CI, 0.54-0.93). The 2 largest trials included the DIGAMI study43 in 620 patients with diabetes
mellitus and myocardial infarction admitted to the coronary care unit, where the glucose goal was 126 to 196 mg/dL
(7.0-10.9 mmol/L), and the study by Van den Berghe et
al52 in 1548 patients admitted to the surgical intensive care
unit, where the glucose goal was 80 to 110 mg/dL (4.4-

Among the 30 GIK trials, 18 were performed in the setting of an acute myocardial infarction. Therapy with GIK
was initiated as soon as the diagnosis of suspected myocardial infarction was made, which was within 24 hours
of hospital admission. Duration of therapy with GIK varied from 24 hours to 14 days, with most interventions
lasting between 24 and 72 hours. In these 18 trials, insulin in the form of GIK showed a near-significant trend
toward decreased mortality (RR, 0.82; 95% CI, 0.65-1.02).
In 2 additional trials,41,43 an insulin-glucose infusion
was given with the goal of maintaining glucose within a
narrow range. When we combined the data from all 20 trials

Figure 2. Relative risk and 95% confidence interval of individual studies.
MRC indicates Medical Research Council.

(REPRINTED) ARCH INTERN MED/ VOL 164, OCT 11, 2004
2008

WWW.ARCHINTERNMED.COM

©2004 American Medical Association. All rights reserved.

Table 2. Subgroup Analyses of the Effect of Insulin Therapy on Mortality in Critically Ill Hospitalized Patients

Variable
All studies
Random effects
Fixed effects
Glucose goal
Yes41,43,48-50,52,53,56
No22-40,42,44-47,51,54,55
Inclusion of patients with diabetes mellitus†
All patients with diabetes mellitus included24-26,32,39-43,45,46,49-52,54,55
Patients with diabetes mellitus included except
IDDM23,29,35,37,38,47,48,56
Patients with diabetes mellitus excluded22,27,28,30,31,33,34,36,44,53
Clinical condition or hospital setting
Acute myocardial infarction22-33,35,37,38,41,43,45,47,51
Cardiac surgery34,36,39,40,42,44,46,49,50,53-56
Surgical intensive care unit52
Stroke48
Medical intensive care unit
Method of insulin administration
Non-GIK41,43,52,53,55
GIK (all medical conditions)22-40,42,44-51,54,56
GIK in acute myocardial infarction22-33,35,37,38,45,47,51
GIK in cardiac surgery34,36,39,40,42,44,46,49,50,54,56
GIK in stroke48
Reperfusion therapy used?§
Yes43,45,47,51
No22-33,35,37,38,41

No. of
Trials

No. of Patients
Analyzed

Mortality Rate of
Control Group, %*

Mortality Relative Risk
(95% Confidence Interval)

35
35

8478
8478

9.7
9.7

0.85 (0.75-0.97)
0.85 (0.74-0.97)

8
27

2772
5706

8.4
9.8

0.71 (0.54-0.93)
0.87 (0.73-1.04)

17
25

4589
6170

9.0
8.3

0.73 (0.58-0.90)
0.81 (0.68-0.98)

10

2308

13.1

0.91 (0.75-1.11)

20
13
1
1
0

4637
2248
1548
53
...

13.9
1.9
8.0
32.0
...

0.84 (0.69-1.01)
1.09 (0.63-1.90)
0.58 (0.22-0.62)
‡
...

5
30
18
11
1

3745
4733
3948
735
53

6.4
12.4
13.9
1.6
32.0

0.73 (0.56-0.95)
0.90 (0.77-1.04)
0.82 (0.65-1.02)
1.24 (0.48-3.17)
‡

4
16

2053
2584

7.9
17.5

0.90 (0.54-1.820
0.84 (0.71-1.00)

Abbreviations: GIK, glucose-insulin-potassium solution; IDDM, insulin-dependent diabetes mellitus (includes type 1 or type 2).
*Overall weighted control rate.
†Patients with severe or unstable hyperglycemia on admission in whom insulin therapy was indicated were excluded.
‡Too few patients for a meaningful calculation for relative risk.
§Only studies with acute myocardial infarction as an entry criterion are included.

that administered insulin in the setting of acute myocardial infarction, the notable trend toward benefit with insulin remained (RR, 0.84; 95% CI, 0.69-1.01). In the trials
of myocardial infarction, a benefit was seen in studies that
did not exclude patients with diabetes mellitus (RR, 0.75;
95% CI, 0.57-1.00), but the benefit was lessened and became nonsignificant in those studies that excluded patients with diabetes mellitus (RR, 0.82; 95% CI, 0.61-1.11).
To gain further insight into the relationship between the use of insulin in the setting of myocardial infarction, we compared studies that used reperfusion therapy
(thrombolytics or primary angioplasty) vs those that did
not. In studies done without reperfusion, there was a marginally significant reduction in mortality (RR, 0.84; 95%
CI, 0.71-1.00), while no benefit was seen in the 4 studies
in which patients received reperfusion therapy.
Hypoglycemia
Incidence of hypoglycemia, measured biochemically, was
reported in only 10 studies.* When data from these studies were combined, we found that patients receiving insulin therapy were about 3 times as likely to develop hypoglycemia as controls (RR, 3.4; 95% CI, 1.9-6.3). No
adverse clinical outcomes associated with hypoglycemia were observed in any of these studies. Hypoglyce*References 22, 23, 42-44, 47, 49, 52, 53, 55.
(REPRINTED) ARCH INTERN MED/ VOL 164, OCT 11, 2004
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mia was more common in studies that used a protocol
aiming at maintaining euglycemia. The effect of GIK on
glucose levels was variable, with some studies reporting
hypoglycemia, while others reported hyperglycemia.
COMMENT

Therapy with insulin in adult patients hospitalized for a
critical illness, other than hyperglycemic crises, may have
beneficial effects in different clinical settings. Our analysis showed that therapy with insulin decreased mortality in the surgical intensive care unit when the aim of
therapy was glucose control and in patients with diabetes mellitus. A nearly significant benefit was seen in patients with acute myocardial infarction who did not receive reperfusion therapy.
In-hospital hyperglycemia, especially of new onset,
is often seen as an adaptive response, caused by increased
insulin resistance during periods of stress.57 It is often referred to as “stress” hyperglycemia, and it is considered a
marker of illness severity rather than a real medical entity
that needs to be managed. Recent evidence, however, challenges that notion.1,6,9-11 In these studies, in-hospital hyperglycemia was shown to be independently associated with
adverse outcomes, including mortality.
Various mechanisms have been proposed in an effort to explain the adverse effects of hyperglycemia on patient outcomes and the potential benefit of insulin therapy:
WWW.ARCHINTERNMED.COM
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(1) Hyperglycemia is associated with altered immune function and susceptibility to infection.58,59 (2) Insulin and glucose administration may provide myocardial protection during ischemia by suppressing free fatty acids and increasing
availability of glucose as a myocardial substrate.60 (3) Hyperglycemia per se may not be an independent risk factor
for mortality, but it may be a marker of insulin resistance
and associated conditions such as impaired fibrinolysis and
platelet function, which lead to hypercoagulability and increased risk for thrombotic events.61
Our subgroup analysis showed that the beneficial
effect of insulin on decreasing mortality in critically ill
patients was apparent in studies that aimed at normalization of serum glucose. However, in the trials described in this meta-analysis, it is difficult to distinguish
the effects of improved glycemia from other potential effects of insulin. In a post hoc analysis of the study by Van
den Berghe et al,62 hyperglycemia and insulin dosage were
independent predictors of death.
Our analysis also showed that in-hospital therapy with
insulin is more beneficial in patients with diabetes mellitus. This is not surprising as in-hospital hyperglycemia is
most often seen in patients with a history of diabetes mellitus, who exhibit a higher rate of in-hospital complications
compared with nondiabetic patients,3,4 and, therefore, are
positioned to benefit the most from insulin therapy. As many
as 40% of patients without a history of diabetes mellitus
and with stress hyperglycemia on hospital admission have
unrecognized diabetes mellitus.7,63 If insulin therapy benefits patients with diabetes mellitus during critical illnesses, many of these patients would be deprived of this
benefit if their stress hyperglycemia is not adequately recognized and properly managed during hospitalization.
Our results showed a near-significant trend toward
a benefit with GIK administration in patients with acute
myocardial infarction. A previous meta-analysis by FathOrdoubadi and Beatt14 that examined the use of GIK for
myocardial infarction found a statistically significant reduction in mortality of 28% associated with the use of
GIK solution. Most of the GIK studies included in that
meta-analysis were done in the era before reperfusion
therapy (thrombolytics or angioplasty), and their relevance in today’s practice is unclear. In contrast, our analysis included the DIGAMI study43 and other recent large
studies45,47,51 that administered reperfusion therapies as
part of the routine care for acute myocardial infarction.
In subgroup analysis, we found that the use of insulin
during myocardial infarction in the pre–reperfusion era
provided a marginally significant benefit, similar to the
meta-analysis findings by Fath-Ordoubadi and Beatt, but
we did not appreciate any benefit of insulin use when we
combined data from studies that used thrombolytics or
angioplasty. Therefore, it appears that the potential benefit of GIK for myocardial infarction is attenuated with
concomitant use of reperfusion therapy. However, GIK
may still have an important role in the period before reperfusion, such as in the prehospital emergency medical care
or on presentation to the emergency department.
The inconsistent results seen in studies with GIK
may, at least in part, be due to the inflexibility of this regimen. Standard GIK solutions cannot be adapted to maintain euglycemia, and their effect on glycemia is unpre(REPRINTED) ARCH INTERN MED/ VOL 164, OCT 11, 2004
2010

dictable. Therefore, although GIK solutions may have
cardioprotective properties, their propensity to increase
glucose levels may negate any beneficial direct metabolic effects on cardiac tissue.
In contrast to GIK, when insulin was administered
alone, a statistically significant reduction in mortality was
seen. This group included the 2 largest trials43,52 that targeted euglycemia with the use of an insulin infusion.
Our results do not support the use of insulin, as administered in the trials we examined, for decreasing mortality in the perioperative setting for open heart surgery.
The observed lack of efficacy in this setting may be due
to (1) the wide range of ways in which insulin was administered in the perioperative setting or (2) the relative low baseline mortality risk associated with modern
cardiac surgery.64
In the studies we reviewed, insulin therapy was well
tolerated. Hypoglycemia was common but was also well
tolerated, and few patients had to stop the intervention
because of hypoglycemia.
A potential limitation of our study is that most of
the trials we analyzed did not report their methods based
on the rigorous CONSORT criteria.65 As most of these
trials were reported before the CONSORT criteria became available, we believe our inclusion of these studies
is appropriate and our analysis is valid.
Our review combined studies with varying methods of insulin administration in diverse clinical settings.
We considered combining these studies to be appropriate because the mechanisms by which hyperglycemia exerts its adverse effects on mortality and morbidity may
be shared among these clinical settings.
CONCLUSIONS

In conclusion, we found that insulin therapy initiated in
the hospital in critically ill patients has a beneficial effect
on short-term mortality in the surgical intensive care unit,
in patients with diabetes mellitus, and in patients with myocardial infarction who were not treated with reperfusion
therapy. We found that targeting euglycemia, with a flexible regimen of insulin and glucose as required, appears
to be the main determinant of the benefit of insulin therapy.
Whether the beneficial effect of insulin therapy applies to
additional clinical settings (such as stroke) or patient groups
(such as the medical intensive care unit or general surgical or medical ward) remains to be determined.
Accepted for publication May 13, 2004.
This study was supported by research grant K23
DK61506 from the National Institute of Diabetes & Digestive & Kidney Diseases, National Institutes of Health,
Bethesda, Md (Dr Pittas).
Correspondence: Anastassios G. Pittas, MD, Division
of Endocrinology, Diabetes and Metabolism, Tufts-New
England Medical Center, 750 Washington St, Box 268,
Boston, MA 02111 (apittas@tufts-nemc.org).
REFERENCES
1. Capes SE, Hunt D, Malmberg K, Gerstein HC. Stress hyperglycaemia and increased risk of death after myocardial infarction in patients with and without diabetes: a systematic overview. Lancet. 2000;355:773-778.

WWW.ARCHINTERNMED.COM

©2004 American Medical Association. All rights reserved.

2. Bolk J, van der Ploeg T, Cornel JH, Arnold AE, Sepers J, Umans VA. Impaired
glucose metabolism predicts mortality after a myocardial infarction. Int J Cardiol. 2001;79:207-214.
3. Guvener M, Pasaoglu I, Demircin M, Oc M. Perioperative hyperglycemia is a strong
correlate of postoperative infection in type II diabetic patients after coronary artery bypass grafting. Endocr J. 2002;49:531-537.
4. Zuanetti G, Latini R, Maggioni AP, Santoro L, Franzosi MG. Influence of diabetes
on mortality in acute myocardial infarction: data from the GISSI-2 study. J Am
Coll Cardiol. 1993;22:1788-1794.
5. Levetan CS, Passaro M, Jablonski K, Kass M, Ratner RE. Unrecognized diabetes
among hospitalized patients. Diabetes Care. 1998;21:246-249.
6. Umpierrez GE, Isaacs SD, Bazargan N, You X, Thaler LM, Kitabchi AE. Hyperglycemia: an independent marker of in-hospital mortality in patients with undiagnosed diabetes. J Clin Endocrinol Metab. 2002;87:978-982.
7. Norhammar A, Tenerz A, Nilsson G, et al. Glucose metabolism in patients with
acute myocardial infarction and no previous diagnosis of diabetes mellitus: a prospective study. Lancet. 2002;359:2140-2144.
8. Mizock BA. Alterations in fuel metabolism in critical illness: hyperglycaemia. Best
Pract Res Clin Endocrinol Metab. 2001;15:533-551.
9. Gore DC, Chinkes D, Heggers J, Herndon DN, Wolf SE, Desai M. Association of
hyperglycemia with increased mortality after severe burn injury. J Trauma. 2001;
51:540-544.
10. Gray CS, Taylor R, French JM, et al. The prognostic value of stress hyperglycaemia and previously unrecognized diabetes in acute stroke. Diabet Med. 1987;4:
237-240.
11. Capes SE, Hunt D, Malmberg K, Pathak P, Gerstein HC. Stress hyperglycemia
and prognosis of stroke in nondiabetic and diabetic patients: a systematic overview. Stroke. 2001;32:2426-2432.
12. Weir CJ, Murray GD, Dyker AG, Lees KR. Is hyperglycaemia an independent predictor of poor outcome after acute stroke? BMJ. 1997;314:1303-1306.
13. Jorgensen H, Nakayama H, Raaschou HO, Olsen TS. Stroke in patients with diabetes: the Copenhagen Stroke Study. Stroke. 1994;25:1977-1984.
14. Fath-Ordoubadi F, Beatt KJ. Glucose-insulin-potassium therapy for treatment of
acute myocardial infarction. Circulation. 1997;96:1152-1156.
15. Preiser JC, Devos P, Van den Berghe G. Tight control of glycaemia in critically ill
patients. Curr Opin Clin Nutr Metab Care. 2002;5:533-537.
16. Doenst T, Bothe W, Beyersdorf F. Therapy with insulin in cardiac surgery: controversies and possible solutions. Ann Thorac Surg. 2003;75:S721-S728.
17. Lazar HL. The Insulin Cardioplegia Trial. J Thorac Cardiovasc Surg. 2002;123:
842-844.
18. Metchick LN, Petit WA Jr, Inzucchi SE. Inpatient management of diabetes mellitus. Am J Med. 2002;113:317-323.
19. Trence DL, Kelly JL, Hirsch IB. The rationale and management of hyperglycemia
for in-patients with cardiovascular disease: time for change. J Clin Endocrinol
Metab. 2003;88:2430-2437.
20. Hirsh I. Insulin in the Hospital Setting. New York, NY: Adelphi Inc; 2003.
21. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 1986;
7:177-188.
22. Lundman T, Orinius E. Insulin-glucose-potassium infusion in acute myocardial
infarction. Acta Med Scand. 1965;178:525-528.
23. Mittra B. Potassium, glucose, and insulin in treatment of myocardial infarction.
Lancet. 1965;2:607-609.
24. Autio L, Hakkila J, Hartel G, Ikkala E. Anticoagulants and Sodi-Pallares infusion
in acute myocardial infarction. Acta Med Scand. 1966;179:355-360.
25. Sievers J, Lindh J, Johansson BW, Karnell J. Acute myocardial infarction treated
by glucose-insulin-potassium (GIK) infusion. Cardiology. 1966;49:239-247.
26. Malach M. Polarizing solution in acute myocardial infarction. Am J Cardiol. 1967;
20:363-366.
27. Pilcher J, Etishamuding M, Exon P, Moore J. Potassium, glucose and insulin in
myocardial infarction [letter]. Lancet. 1967;1:1109.
28. Medical Research Council Working-Party on the Treatment of Myocardial Infarction. Potassium, glucose, and insulin treatment for acute myocardial infarction. Lancet. 1968;2:1355-1360.
29. Pentecost BL, Mayne NM, Lamb P. Controlled trial of intravenous glucose, potassium, and insulin in acute myocardial infarction. Lancet. 1968;1:946-948.
30. Iisalo E, Kallio V. Potassium, glucose and insulin in the treatment of acute myocardial infarction. Curr Ther Res Clin Exp. 1969;11:209-215.
31. Hjermann I. A controlled study of peroral glucose, insulin and potassium treatment in myocardial infarction. Acta Med Scand. 1971;190:213-218.
32. Prather JW, Russell RO Jr, Mantle JA, McDaniel HG, Rackley CE. Metabolic consequences of glucose-insulin-potassium infusion in treatment of acute myocardial infarction. Am J Cardiol. 1976;38:95-99.
33. Heng MK, Norris RM, Singh BN, Barratt-Boyes C. Effects of glucose and glucoseinsulin-potassium on haemodynamics and enzyme release after acute myocardial infarction. Br Heart J. 1977;39:748-757.
34. Lolley DM, Ray JF III, Myers WO, Sheldon G, Sautter RD. Reduction of intraoperative myocardial infarction by means of exogenous anaerobic substrate enhancement: prospective randomized study. Ann Thorac Surg. 1978;26:515-524.
35. Rogers WJ, Segall PH, McDaniel HG, Mantle JA, Russell RO Jr, Rackley CE. Prospective randomized trial of glucose-insulin-potassium in acute myocardial infarction. Am J Cardiol. 1979;43:801-809.
36. Salerno TA, Wasan SM, Charrette EJ. Glucose substrate in myocardial protection. J Thorac Cardiovasc Surg. 1980;79:59-62.
37. Mantle JA, Rogers WJ, Smith LR, et al. Clinical effects of glucose-insulin-

(REPRINTED) ARCH INTERN MED/ VOL 164, OCT 11, 2004
2011

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

55.
56.

57.
58.

59.

60.

61.

62.
63.
64.

65.

potassium on left ventricular function in acute myocardial infarction: results from
a randomized clinical trial. Am Heart J. 1981;102(pt 1):313-324.
Whitlow PL, Rogers WJ, Smith LR, et al. Enhancement of left ventricular function by glucose-insulin-potassium infusion in acute myocardial infarction. Am J
Cardiol. 1982;49:811-820.
Oldfield GS, Commerford PJ, Opie LH. Effects of preoperative glucose-insulinpotassium on myocardial glycogen levels and on complications of mitral valve
replacement. J Thorac Cardiovasc Surg. 1986;91:874-878.
Gradinac S, Coleman GM, Taegtmeyer H, Sweeney MS, Frazier OH. Improved
cardiac function with glucose-insulin-potassium after aortocoronary bypass grafting. Ann Thorac Surg. 1989;48:484-489.
Davies RR, Newton RW, McNeill GP, Fisher BM, Kesson CM, Pearson D. Metabolic control in diabetic subjects following myocardial infarction. Scott Med J.
1991;36:74-76.
Brodin LA, Dahlgren G, Ekestrom S, Settergren G, Ohqvist G. Influence of glucoseinsulin-potassium on left ventricular function during coronary artery bypass grafting. Scand J Thorac Cardiovasc Surg. 1993;27:27-34.
Malmberg K, Ryden L, Efendic S, et al. Randomized trial of insulin-glucose infusion followed by subcutaneous insulin treatment in diabetic patients with acute
myocardial infarction (DIGAMI study). J Am Coll Cardiol. 1995;26:57-65.
Lazar HL, Philippides G, Fitzgerald C, Lancaster D, Shemin RJ, Apstein C. Glucoseinsulin-potassium solutions enhance recovery after urgent coronary artery bypass grafting. J Thorac Cardiovasc Surg. 1997;113:354-362.
Diaz R, Paolasso EA, Piegas LS, et al, ECLA (Estudios Cardiologicos Latinoamerica) Collaborative Group. Metabolic modulation of acute myocardial infarction. Circulation. 1998;98:2227-2234.
Besogul Y, Tunerir B, Aslan R, Isiksoy S, Colak O, Kural T. Clinical, biochemical
and histochemical assessment of pretreatment with glucose-insulin-potassium for
patients undergoing mitral valve replacement in the third and fourth functional groups
of the New York Heart Association. Cardiovasc Surg. 1999;7:645-650.
Ceremuzynski L, Budaj A, Czepiel A, et al. Low-dose glucose-insulin-potassium
is ineffective in acute myocardial infarction: results of a randomized multicenter
Pol-GIK trial. Cardiovasc Drugs Ther. 1999;13:191-200.
Scott JF, Robinson GM, French JM, O’Connell JE, Alberti KG, Gray CS. Glucose
potassium insulin infusions in the treatment of acute stroke patients with mild
to moderate hyperglycemia. Stroke. 1999;30:793-799.
Lazar HL, Chipkin S, Philippides G, Bao Y, Apstein C. Glucose-insulinpotassium solutions improve outcomes in diabetics who have coronary artery
operations. Ann Thorac Surg. 2000;70:145-150.
Szabo Z, Arnqvist H, Hakanson E, Jorfeldt L, Svedjeholm R. Effects of high-dose
glucose-insulin-potassium on myocardial metabolism after coronary surgery in
patients with type II diabetes. Clin Sci (Lond). 2001;101:37-43.
Ulgen MS, Alan S, Akdemir O, Toprak N. The effect of glucose-insulinpotassium solution on ventricular late potentials and heart rate variability in acute
myocardial infarction. Coron Artery Dis. 2001;12:507-512.
Van den Berghe G, Wouters P, Weekers F, et al. Intensive insulin therapy in critically ill patients. N Engl J Med. 2001;345:1359-1367.
Groban L, Butterworth J, Legault C, Rogers AT, Kon ND, Hammon JW. Intraoperative insulin therapy does not reduce the need for inotropic or antiarrhythmic
therapy after cardiopulmonary bypass. J Cardiothorac Vasc Anesth. 2002;16:
405-412.
Lell WA, Nielsen VG, McGiffin DC, Schmidt FE Jr, Kirklin JK, Stanley AW Jr. Glucoseinsulin-potassium infusion for myocardial protection during off-pump coronary
artery surgery. Ann Thorac Surg. 2002;73:1246-1252.
Rao V, Christakis GT, Weisel RD, Ivanov J, Borger MA, Cohen G. The Insulin Cardioplegia Trial. J Thorac Cardiovasc Surg. 2002;123:928-935.
Smith A, Grattan A, Harper M, Royston D, Riedel BJ. Coronary revascularization: a procedure in transition from on-pump to off-pump? J Cardiothorac Vasc
Anesth. 2002;16:413-420.
McCowen KC, Malhotra A, Bistrian BR. Stress-induced hyperglycemia. Crit Care
Clin. 2001;17:107-124.
Lilienfeld DE, Vlahov D, Tenney JH, McLaughlin JS. Obesity and diabetes as risk
factors for postoperative wound infections after cardiac surgery. Am J Infect Control. 1988;16:3-6.
Zerr KJ, Furnary AP, Grunkemeier GL, Bookin S, Kanhere V, Starr A. Glucose
control lowers the risk of wound infection in diabetics after open heart operations. Ann Thorac Surg. 1997;63:356-361.
Das UN. Possible beneficial action(s) of glucose-insulin-potassium regimen in
acute myocardial infarction and inflammatory conditions: a hypothesis. Diabetologia. 2000;43:1081-1082.
Melidonis A, Stefanidis A, Tournis S, et al. The role of strict metabolic control by
insulin infusion on fibrinolytic profile during an acute coronary event in diabetic
patients. Clin Cardiol. 2000;23:160-164.
Van den Berghe G, Wouters PJ, Bouillon R, et al. Outcome benefit of intensive
insulin therapy in the critically ill. Crit Care Med. 2003;31:359-366.
Krebs JD, Robinson GM, Smith RB, Toomath RJ. Follow up testing of hyperglycaemia during hospital admission. N Z Med J. 2000;113:379-381.
Schmid CH, Lau J, McIntosh MW, Cappelleri JC. An empirical study of the effect
of the control rate as a predictor of treatment efficacy in meta-analysis of clinical
trials. Stat Med. 1998;17:1923-1942.
Moher D, Schulz KF, Altman D. The CONSORT statement: revised recommendations for improving the quality of reports of parallel-group randomized trials.
JAMA. 2001;285:1987-1991.

WWW.ARCHINTERNMED.COM

©2004 American Medical Association. All rights reserved.

