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Insulin Treatment Improves the Systemic Inflammatory
Reaction to Severe Trauma

Marc G. Jeschke, MD, PhD,* Dagmar Klein, MS,* and David N. Herndon, MD†

Objective: Determine the effect of insulin on the systemic inflam-
matory response, pro- and anti-inflammatory cytokines and hepatic
acute-phase-response in severely burned pediatric patients.
Summary Background Data: The systemic inflammatory and
hepatic acute-phase-response contribute to hypermetabolism, multi-
organ failure, and mortality. Insulin has been recently shown to
decrease mortality and to prevent the incidence of multi-organ
failure in critically ill patients; however, the underlying mechanisms
have not been defined.
Methods: Thirteen thermally injured children received insulin to
maintain blood glucose at a range from 120 to 180 mg/dl, 15
children received no insulin with blood glucose levels also at range
from 120 to 180 mg/dl and served as controls. Our outcome
measures encompassed the effect of insulin on pro-inflammatory
mediators, the hepatic acute-phase-response, fat, and the IGF-I
system.
Results: Insulin administration decreased pro-inflammatory cyto-
kines and proteins, while increasing constitutive-hepatic proteins
(P � 0.05). Burned children receiving insulin required significantly
less albumin substitution to maintain normal levels compared with
control (P � 0.05). Insulin decreased free fatty acids and serum
triglycerides when compared with controls (P � 0.05). Serum IGF-I
and IGFBP-3 significantly increased with insulin administration
(P � 0.05).
Conclusion: Insulin attenuates the inflammatory response by de-
creasing the pro-inflammatory and increasing the anti-inflammatory
cascade, thus restoring systemic homeostasis, which has been shown
critical for organ function and survival in critically ill patients.

(Ann Surg 2004;239: 553–560)

The reaction of trauma, sepsis, or major operations is
characterized by hypermetabolism and catabolism, lead-

ing to peripheral protein waste, compromise of the immune
system and the skin, and multi-organ dysfunction.1,2 During
the aftermath of these multiple reactions, the liver has been
shown to play a crucial role. Under physiologic conditions
the liver synthesizes mainly constitutive-hepatic proteins,
such as albumin, prealbumin, or transferrin. After trauma the
synthesis shifts from constitutive-hepatic proteins to acute-
phase proteins, such as haptoglobin, �2-macroglobulin, �1-
acid glycoprotein, and C-reactive protein (CRP).3 This reac-
tion of the liver is called the hepatic acute-phase-response.
The goal of the hepatic acute-phase-response is to restore
homeostasis; however, a prolonged and exaggerated response
leads to the enhancement of hypermetabolism and catabo-
lism, thus to increased morbidity and mortality.4–8 Mediators
of the acute-phase-response are pro-inflammatory cytokines,
such as interleukin-1 (IL-1 �), interleukin-6 (IL-6), interleu-
kin-8 (IL-8), tumor-necrosis factor (TNF), or the anti-inflam-
matory cytokine interleukin-10 (IL-10).3 Several groups
showed that increased pro-inflammatory cytokine synthesis
also contributes to hypermetabolism and catabolism.9 There-
fore, a therapeutic agent attenuating the hepatic acute-phase-
response and cytokine release may improve morbidity and
mortality after trauma, sepsis, or major operation.

Recently, intensive insulin therapy was shown to de-
crease mortality in critically ill patients.10 Insulin given at
doses to maintain blood glucose below 110 mg/dl prevented
the incidence of multi-organ failure and thus improved clin-
ical outcome and rehabilitation.10 There is now evidence that
insulin improves hypermetabolism by affecting pro-inflam-
matory cytokine production and hepatic signal transcription
factor expression.11 However, it remains unclear whether
insulin affects the systemic inflammatory response and the
hepatic acute-phase response in humans and whether insulin
directly exerts its effects or through glucose metabolism.

We hypothesized that insulin exerts an anti-inflamma-
tory effect on cellular mediators and the hepatic acute-phase-
response after a major trauma. To test our hypothesis we
determined the effect of insulin on the systemic inflammatory
response, pro- and anti-inflammatory cytokines, and hepatic
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acute-phase-response in severely burned pediatric patients
that received insulin but had glucose levels in the normal
range, and compared the findings to patients who had similar
glucose levels but did not receive insulin.

MATERIALS AND METHODS
In the present study we retrospectively analyzed 2

different patient cohorts. One study cohort was severely
thermally injured children who required insulin substitution
to maintain normal blood glucose levels of a range 120 to 180
mg/dl. The other study cohort was severely thermally injured
children who did not require insulin substitution and their
blood glucose levels without insulin were in the normal range
of 120 to 180 mg/dl. Insulin was administered either as a
continuous drip or as single dosages according to the blood
glucose concentration.

Inclusion criteria for the study were: 1–18 years of age,
admission to our institute within 3 days after injury, and
burns covering more than 40% total body surface area
(TBSA) with a 3rd–degree component of �10%, which
required a minimum harvesting of 1 donor site for skin
grafting. Patient demographics (age, date of burn and admis-
sion, sex, burn size, and depth of burn) and concomitant
injuries, such as inhalation injury, sepsis, morbidity and
mortality were obtained from records. Sepsis was defined as
the systemic inflammatory response syndrome (SIRS) asso-
ciated with an identifiable focus of infection.

Nutritional Markers and Albumin
Supplementation Requirement

Amount and distribution of caloric intake was deter-
mined for each patient. The body weight was determined
every week. The change of the body weight was determined
at the end of the study period. The feeding protocol at our
institute is calculated using the Curreri formula, which calls
for 25 kcal/kg/d plus 40 kcal/% TBSA burned per day. This
formula provides for maintenance needs, plus the additional
caloric needs of the burn wounds. Based on the findings that
TPN was associated with higher mortality, patients at our
institute are fed by enteral feeding.

Serum albumin was measured daily at 4:30 AM. If
serum albumin concentrations were less than 2.0 g/dl, albu-
min was supplemented based upon age and body weight to
maintain albumin at 2.0 g/dl. Children � 2 years of age and
� 20 kg body weight received 6.25 g/d exogenous albumin
over 6 hours, children 2–9 years old weighing � 20 kg but
� 40 kg received 12.5 g/d over 6 hours, and children 10–18
years old weighing � 40 kg received 25 g/d. Total albumin
infused, albumin infused per day, and grams of albumin
infused per meter square burn were compared for patients
receiving insulin and control patients.

Serum Calcium, Phosphate, Constitutive
Hepatic Proteins, Acute Phase Proteins, and
Serum Fat

Serum calcium; phosphate; constitutive hepatic pro-
teins, such as transferrin, prealbumin, and retinol binding
protein; serum acute phase proteins, such as �1-acid glycop-
rotein, C-reactive protein, �2-macroglobulin, �1-antitrypsin,
haptoglobin, and free fatty acids; and triglycerides were
measured using a Behring nephelometer (Behring, Dearfield,
IL). Acute-phase-protein serum amyloid A (SAA) was deter-
mined by enzyme linked immuno assay (ELISA), (Biosource
Int., Camarillo, CA).

Serum Cytokines, IGF-I, IGFBP-1, and IGFBP-3
Serum TNF, IL-1�, IL-6, IL-8, and IL-10 were deter-

mined by a human ELISA (Endogen, Woburn, MA. or
Biosource Int., Camarillo, CA) on days 0 (admit), 10, 20, and
40 days after burn. Serum IGF-I, IGFBP-1, and IGFBP-3
were determined by RIA (Nichols Inst. Diagnostics, San Juan
Capistrano, CA).

Ethics and Statistics
The study was reviewed and approved by the Institu-

tional Review Board of the University of Texas Medical
Branch, Galveston, Texas. Prior to the study, each subject,
parent, or child’s legal guardian had to sign a written in-
formed consent form.

Analysis of variance (ANOVA) with post hoc Bonferro-
ni’s correction, paired and unpaired Student t test, �2 analysis,
and Mann-Whitney tests were used where appropriate. Data are
expressed as percentages, means � SD or means � SEM, where
appropriate. Significance was accepted at P � 0.05.

RESULTS
Twenty-eight severely burned children were included

into the study, 13 children into the insulin group and 15 into
the control group. The average insulin amount administered
was 348 � 170 IU over an average time period of 44 � 22
days. Insulin was administered either by continuous drip or
by single dose. With the administration of insulin a target
blood glucose concentration of 120 to 180 mg/dl could be
achieved. The control group demonstrated also a blood glu-
cose range of 120 to 180 mg/dl. There was no statistical
significant difference between the 2 groups at each time
point.

There were no significant differences between children
receiving insulin or control in age, sex, size, and depth of
burns. Furthermore, there were no differences between these
2 groups in rhGH treatment, incidence of sepsis, incidence of
inhalation injury, or mortality rates. By looking at infection
rate, it was mostly burn wound infection that resulted in a
SIRS. The incidence of sepsis was around 20 days in both
groups, with a range from 10 to 35 days in the insulin group
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and from 11 to 39 days in the control group (Table 1). No
significant differences in length of hospital stay between
insulin and control treated children could be shown (Table 1).

Nutritional Markers and Albumin Substitution
Requirement

Both groups had an adequate and equal amount of
caloric intake (1500 kcal/m2 body surface � 1500 kcal/m2

area burn), as well as equal distribution of the calories.
Dietary delivery was also the same in both groups, being fed
by enteral nutrition. The change of body weight was recorded
from the enrollment of the study until the study end. The
control group had a body weight loss of �0.3 � 1.3% from
the admission body weight. Children receiving insulin had a
body weight gain of 3.9 � 1.2% from the original body
weight (P � 0.05).

The amount of albumin required for substitution, ex-
pressed as total albumin amount, albumin amount per day, or
as albumin per square meter burned surface area, was signif-
icantly reduced in patients receiving insulin compared with
controls (P � 0.05) (Table 2).

Serum Calcium, Phosphate Constitutive
Hepatic Proteins, Acute Phase Proteins,
and Fat

The range of serum calcium was from 2.6 to 5.7 mg/dl
in the insulin group, while the range was from 2.7 to 6.1
mg/dl in the control group. Two patients required calcium
substitution in the insulin group and the control group, re-
spectively. The range of serum phosphate was similar in both
groups. In the insulin group, the range was 1.0 to 7.0 mg/dl,
in the control group from 1.4 to 7.1 mg/dl (normal 2.5 mg/dl
to 5.5 mg/dl). Phosphate substation was required in 1 patient
in the insulin group and 1 patient in the control group, which
was not statistically significant different.

All constitutive-hepatic-proteins dropped below normal
levels within 1 day after burn. Over time constitutive-hepatic-
proteins increased but still remained below normal levels.
Insulin significantly increased serum prealbumin at days 30
and 40 post trauma when compared with controls (P � 0.05)
(Fig. 1a). Increased prealbumin levels would give an expla-
nation why albumin substitution requirements were signifi-
cantly reduced in the insulin group. Furthermore, insulin
increased serum retinol binding protein concentrations at 20,
30, and 40 days after trauma compared with controls (P �
0.05) (Fig. 1b). There was no significant difference in serum
transferrin between insulin and control.

All acute phase proteins determined in this study in-
creased above normal levels within 5 to 10 days after the
thermal injury and remained elevated throughout the entire
study period. Insulin was found to decrease �2-macroglobulin
at 30 and 40 days after trauma when compared with controls
(P � 0.05) (Fig. 2a). More importantly, insulin was found to
decrease serum CRP levels. CRP increased immediately after
trauma and approached normal levels in the insulin group, not
in the control group. Insulin further significantly decreased
CRP at days 5, 10, 30, and 40 after trauma when compared
with controls (P � 0.05) (Fig. 2b). There were no significant
changes in the concentration of serum �1-acid glycoprotein,
haptoglobin, or �1-anti trypsin.

Insulin had a positive effect on serum free fatty acids
and serum triglycerides. In contrast to other growth factors,
insulin decreased serum triglycerides on days 25, 30, and
40 when compared with controls (P � 0.05) (Fig. 3a).
Furthermore, insulin prevented an increase of free fatty acids
immediately after burn and decreased free fatty acids at 15
and 20 days after burn when compared with controls (P �
0.05) (Fig. 3b).

TABLE 1. Patient Demographics

insulin control P

n 13 15
Age (yr) 6.7 � 3.7 4.3 � 3.9 0.1
Gender (F/M) 5/8 6/9 0.5
TBSA (%) 57 � 15 63 � 19 0.4
3rd degree (%) 44 � 23 54 � 22 0.3
Length of hospital stay (days) 40 � 17 47 � 37 0.5
rhGH therapy (%) 46 33 0.4
Inhalation injury (%) 20 33 0.5
Incidence of sepsis (%) 50 62 0.5
Onset of sepsis (days) 20 � 11 20 � 10 0.8
Mortality (%) 8 7 0.8

TBSA, total body surface area. Data presented as means � SD or
percentages.

TABLE 2. Nutritional Intake and Albumin Substitution
Requirements

Insulin Control P

Body Surface Area
Total (m2) 1.0 � 0.5* 0.7 � 0.3 0.03
Burned (m2) 0.52 � 0.24 0.43 � 0.19 0.2

Nutritional intake
Caloric intake (% calculation) 92 � 9 93 � 9 0.6
Protein (% of total calories) 87 � 29 87 � 32 0.9
Fat (% of total calories) 18 � 6 22 � 12 0.3

Albumin substitution requirement
Total albumin (g) 89 � 67* 170 � 104 0.03
Albumin per day (g) 2.1 � 1.7* 4.9 � 3.9 0.04
Albumin/m2 burn (g/m2) 125 � 96* 271 � 167 0.01

Data presented as means � SD.
*Significant difference between insulin and control, P � 0.05.
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Serum Cytokines
Serum IL-1� levels increased immediately after trauma

in both groups and were still increased 15 days after trauma.
IL-1� demonstrated a slight increase 30 days after burn in the
control group. In contrast, children receiving insulin had a
significant decrease in IL-1� levels (P � 0.05) (Fig. 4a).

FIGURE 1. Serum prealbumin and retinol-binding protein after
trauma. (A) Serum prealbumin decreased 3- to 4-fold in the
insulin and control groups immediately after the injury com-
pared with normal levels. Insulin increased serum prealbumin
30 and 40 days after trauma when compared with control
(normal prealbumin, 25–45 mg/dl). (B) Serum retinol-biding
protein dropped also by 3- to 4-fold compared with normal
levels after the burn. Insulin significantly increased retinol-
binding protein levels 20, 30, and 40 days after the insult when
compared with controls. The insulin administration levels
reached normal range while levels remained decreased in the
control group (normal retinol-binding protein, 4–6 mg/dl).
*Significant difference between insulin and control, P � 0.05.
Data presented as means � SEM.

FIGURE 2. Serum acute-phase-proteins �2-macroglobulin and
C-reactive protein. (A) Serum �2-macroglobulin increased af-
ter burn. In the control group, �2-macroglobulin increased
over the study period, while insulin decreased �2-macroglob-
ulin at 30 and 40 days after trauma (normal �2-macroglobulin,
�110 mg/dl). (B) Serum C-reactive protein increased 2-fold
immediately after trauma in both groups. In the control group,
CRP levels remained elevated throughout the study period,
while serum CRP was significantly decreased and approached
normal range in the insulin group (normal CRP, �5 mg/dl).
*Significant difference between insulin and control, P � 0.05.
Data presented as means � SEM.
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Serum TNF was elevated in both groups immediately after
burn. Insulin decreased the elevation observed for the TNF-�
concentrations 30 days after injury compared with controls
(P � 0.05) (Fig. 4b).

Serum IL-10 also increased immediately after the ther-
mal trauma. In both, group IL-10 decreased over the study
period. However, insulin increased IL-10 15 days after
trauma when compared with controls (P � 0.05) (Fig. 4c).
There were no significant differences found 30 days after
trauma.

No significant differences between insulin and control
could be shown for serum IL-6 and IL-8.

Serum IGF-I, IGFBP-1, and IGFBP-3
As previously shown, serum IGF-I concentration

dropped 3–4 fold after the severe burn injury. In the control
group, levels remained low throughout the study period.
Children treated with insulin demonstrated 3-fold increase in
serum IGF-I starting 10 days after trauma. Serum IGF-I
significantly increased with insulin administration 20 and 30
days after trauma (P � 0.05) (Fig. 5a).

Serum IGFBP-3 was also drastically decreased after
injury. Insulin administration significantly increased serum
IGFBP-3 20 and 30 days after trauma when compared with
controls (P � 0.05) (Fig. 5b).

There were no significant differences found for serum
IGFBP-1 between the 2 groups.

DISCUSSION
The systemic inflammatory response after trauma leads

to hypermetabolism and thus protein degradation and catab-
olism. As a consequence, the structure and function of essen-
tial organs, such as the muscle, skin, heart, immune system,
and liver are compromised and contribute to multi-organ
failure and mortality.1,2 Pro-inflammatory mediators such as
pro-inflammatory cytokines and acute-phase-proteins were
thought to trigger and enhance this response and to mediate
the catabolic effects, eg, by the inhibition of the growth
hormone-insulin-like growth factor-I (IGF-I)-insulin ax-
is.12–14 After the clinical failure of anti-inflammatory agents
or antibodies against pro-inflammatory cytokines such as
tumor necrosis (TNF), interleukin-1� (IL-1�), or their recep-
tors, different approaches were taken to attenuate hyperme-
tabolism. Insulin at a dose that kept blood glucose below 110
mg/dl decreased mortality and prevented the incidence of
multi-organ failure in critically ill patients.10 In an animal
model, insulin had anti-inflammatory effects by decreasing
pro-inflammatory signal transcription factors and pro-inflam-
matory cytokines, while increasing anti-inflammatory cyto-
kines.11 However, it is still unknown whether insulin exerts
its effects directly through modulating pro-inflammatory me-
diators or indirectly through modulating glucose concentra-
tion. Several studies suggested that even mild hyperglycemia
is detrimental and it aggravates endotoxemic shock and
hypermetabolism.15,16 Hyperglycemia may further contribute
to morbidity and mortality after burns or surgery.17,18 The

FIGURE 3. Serum triglycerides and free fatty acid concentra-
tions in burned children. (A) Serum triglycerides concentration
increased above normal 10 days after burn in both groups.
Insulin significantly decreased serum triglycerides 25, 30, and
40 days after the insult where levels were in the normal range.
In the control group, serum triglyceride levels remained sig-
nificantly elevated up to 40 days after burn (normal triglycer-
ides, 35–150 mg/dl). (B) Serum free fatty acids increased
immediately after burn and remained slightly elevated in the
control group during the entire study period. Insulin decreased
serum free fatty acids on days 15 and 20 after injury when
compared with controls (serum FFA, 0.1–0.4 meq/L). *Signif-
icant difference between insulin and control, P � 0.05. Data
presented as means � SEM.
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possible detrimental mechanisms of hyperglycemia are in-
creased production of superoxide and increased stress.19

In the present study we investigated the effect of insulin
on the systemic inflammatory response in severely burned
pediatric patients. One patient group received no insulin with
blood glucose levels at a normal range, while the other group
received insulin with the same range of blood glucose as the
control group. Our results showed that insulin decreased
pro-inflammatory cytokine and hepatic acute-phase-protein
concentrations. At the same time, insulin significantly in-
creased the anti-inflammatory cytokine IL-10. Given the fact
that the insulin treated group and the control group had
normal blood glucose levels, these data suggest that insulin
acts as an anti-inflammatory molecule through direct cellular
effects rather then through indirect effects, which would be
by modulating glucose concentration.

Another aim of the study was to define the effect of
insulin on the hepatic acute-phase-response. While a thermal
injury in our pediatric population increased pro-inflammatory
responses as indicated by a rise in both serum TNF and
IL-1�, these values were significantly lower in pediatric
burned patients receiving insulin. Decreases in serum TNF
and IL-1� were associated with decreased acute-phase-pro-
tein concentrations of �2-macroglobulin and C-reactive pro-
tein. Insulin did not affect serum IL-6 or serum IL-8 concen-
tration or their dependent acute-phase-proteins haptoglobin
and �1-antitrypsin. Decreased acute-phase-protein expression
was associated with increased synthesis of constitutive-he-
patic-proteins, such as prealbumin and retinol binding pro-
tein. As a clinical relevant consequence, albumin substitution
requirement to maintain normal serum albumin levels was
significantly decreased in the insulin group when compared
with the control group. Improved constitutive-hepatic-protein
synthesis may result from either direct cellular signaling
effects of insulin on CCAAT/enhancer-binding-proteins (C/
EBPs) or signal transducer and activator of transcription
(STATs) or indirect from a better liver synthesis capacity. We
have recently shown that insulin alters the intracellular signal
cascade in the liver. Insulin decreased the pro-inflammatory
signal transcription factors STAT-5 and C/EBP-�.11 An up-
regulation of both transcription factors lead to impaired organ
function and protein synthesis, such as albumin.20,21 There-
fore, it appears that insulin improves organ function and

FIGURE 4. Serum pro- and antiinflammatory cytokines. (A)
Serum IL-1� increased immediately after the severe insult and
elevated 30 days after trauma. Insulin decreased IL-1� 30 days
after burn when compared with controls (normal IL-1�, 0–2

pg/ml). (B) Serum TNF was significantly decreased in the
insulin 30 days after burn when compared with controls (nor-
mal TNF-�, 0–2 pg/ml). (C) Serum IL-10 increased 10-fold
immediately after burn, decreased, and approached normal
levels over the study period. Insulin increased IL-10 15 days
after burn compared with controls (normal IL-10, �15 pg/ml).
*Significant difference between insulin and control, P � 0.05.
Data presented as means � SEM.
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protein synthesis during the hypermetabolic response through
these signal transcription factors. In addition to pro-inflam-
matory transcription factors, we determined signal transcrip-
tion factors that were identified to either suppress cytokine
signaling (SOCS) or regulate the T-cell function (RANTES)
and showed increased hepatic SOCS-3 and RANTES mRNA
expression.11 Thus insulin may act as an antiinflammatory
molecule by 2 different pathways by decreasing pro-inflam-
matory mediators and by increasing antiinflammatory medi-
ators.

Insulin is known to have vasodilatory properties and to
increase glucose uptake in ischemic tissues for anaerobic
ATP production after augmented glycolysis.22,23 Insulin may
also stimulate pyruvate dehydrogenase during ischemia and
thereby exerts a beneficial effect associated with an improved
energy state and less lactate production.22,23 Furthermore it
was speculated that insulin may inhibit the synthesis and
release of free fatty acids.22 Increased levels of free fatty
acids lead to increased hepatic triglyceride accumulation, and
thus to fatty liver infiltration and consecutively to hepatic
failure, which is associated with increased incidence of sepsis
and mortality.24,25 The mechanisms have been discussed in
clinical studies in which the authors speculated that burn
increased peripheral lipolysis and due to a lack of transporter
proteins (LDL, HDL) triglycerides accumulate in the liv-
er.25,26 In the present study, we have shown that insulin
administration decreases free fatty acids and serum triglyc-
erides after thermal injury. This metabolic action of insulin
represents an advantage, as liver failure and death due to
increased fat accumulation could be prevented.

Pro-inflammatory mediators enhance catabolism and
hypermetabolism by the inhibition of the growth hormone–
insulin-like growth factor-I (IGF-I)–insulin axis.12,13,14 After
major trauma, burns or in critically ill patients anabolic
growth factor levels decrease 4- to 10-fold and remain mostly
decreased over a long period of time.27 It is well documented
that the administration of growth hormone after trauma in-
creases IGF-I levels and rhGH may thus act through in-
creased IGF-I levels.27,28 IGF-I itself was shown to attenuate
hypermetabolism and the hepatic acute-phase-response and
therefore may act as an antiinflammatory agent.29 In the
present study, we found that insulin increased serum IGF-I
and IGFBP-3 levels. Insulin increased IGF-I 2- to 3-fold
when compared with controls. Twenty days after burn, serum
IGF-I levels were in the range of normal levels in the insulin
group, while it was still decreased in the control group.
Similarly, insulin increased serum IGFBP-3 and brought
levels up to normal levels 20 days after burn. The question
that may arise is whether insulin or IGF-I exerts the effects in
the present study can be answered by a recent animal study in
which the authors showed that insulin exerts stronger ana-
bolic effect than IGF-I in the state of septicemia, suggesting
that insulin is the dominant factor with antiinflammatory
properties.30

There are 2 limitations of the present study, 1 of which
being that patients who received insulin may have had a
different metabolic profile than the untreated controls. In
addition it appears that the insulin group was older and bigger
then the control group. Although this was not statistically
significant, the number of patients in the present study was
too small to detect differences. But the authors suggest that
the differences observed in pro-inflammatory and antiinflam-
matory mediators are not due to age and body size differ-

FIGURE 5. Serum IGF-I and IGFBP-3 after the severe insult. (A)
Serum IGF-I decreased 3- to 4-fold in both groups after burn.
Insulin increased IGF-I 20 and 30 days after burn compared
with controls (normal IGF-I, 365 � 15 �g/ml). (B) IGFBP-3
levels dropped 5- to 6-fold after injury. Insulin significantly
increased IGFBP-3 20 and 30 days after burn compared with
controls (normal IGFBP-3, 2.8 � 0.9 �g/ml). *Significant dif-
ference between insulin and control, P � 0.05. Data presented
as means � SEM.
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ences, rather then effects of insulin. The second limitation
being that in the insulin group 46% of the patients received
rhGH, compared to 33% in the control group. Therefore,
some of the effects observed, such as increases in IGF-I or
IGFBP-3 could be due to the greater number of patients
receiving rhGH in the insulin group and to a lesser extend due
to insulin treatment.

In the present study, we have shown that insulin acts as
an antiinflammatory mediator by decreasing pro-inflamma-
tory cytokines and pro-inflammatory hepatic acute-phase-
proteins. By decreasing pro-inflammatory mediators, consti-
tutive proteins were increased, improving liver synthesis after
severe burn. Insulin further decreased serum triglycerides and
free fatty acids which could attenuate fatty liver infiltration
and thus liver function and liver homeostasis. Insulin in-
creased the anabolic growth factor IGF-I and its major bind-
ing protein IGFBP-3. As blood glucose was kept in the same
range in both groups, these data suggest that insulin acts
through direct cellular mechanisms rather then indirect mech-
anisms, which would be through modulation of glucose
concentrations. In conclusion, we have shown that insulin
attenuates hypermetabolism after severe trauma, and we sug-
gest that insulin may decrease morbidity and mortality in a
variety of critical conditions.
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