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ABSTRACT

Introduction: Recent investigations have revealed that control of hyperglycae-
mia with insulin improves outcomes. The cornerstone of hyperglycaemia in 
critically ill patients is insulin resistance and it remains refractory to intensive 
insulin protocols. We designed this study to evaluate the efficacy and safety of 
a new intensive insulin therapy (IIT) protocol combined with metformin.
Methods: Twenty-one patients with systemic inflammatory response syn-
drome and a blood glucose level of >120 mg/dl admitted to an intensive care 
unit (ICU) were randomised to receive either intravenous infusion of IIT 
alone (n=11) or combined with metformin (IIT+MET; n=10) to maintain 
a blood glucose level (BGL) of 80–120 mg/dl. Blood samples were obtained 
at baseline and at 48 hours, 96 hours and 7 days after initiation of the study. 
Samples were analysed for interleukin-6 (IL-6), tumour necrosis factor  
alpha (TNF-α) and nitric oxide (NO) as inflammatory mediators; plasmi-
nogen activation inhibitor-1 (PAI-1) as a coagulation mediator; and thio-
barbituric reactive substances (TBARS), total antioxidant power (TAP) 
and total thiol molecules (TTM) as oxidative stress parameters. 
Results: The addition of metformin to the IIT protocol decreased insulin 
requirement and concentration of insulin and C-peptide. With both treat-
ments at most time points, the mean plasma levels of IL-6, TNF-α, NO, 
PAI-1 and TBARS were found to be significantly lower compared with 
baseline. Antioxidant activity was increased in both arms with increasing 
TAP and TTM (P<0.05). There was no significant difference between the 
two groups regarding reported beneficial effects on these parameters. Thera-
peutic Intervention Scoring System-28 (TISS-28) score, an index of nurs-
ing workload and number of therapeutic interventions, decreased in the 
IIT+MET group (P<0.01). We did not observe any occurrence of hyperlac-
tataemia or acidosis in the IIT+MET group. 
Conclusion: Metformin plus insulin appears to lower the incidence of insulin 
resistance, lower insulin requirement while maintaining blood glucose level 
control, and consequently lower the incidence of adverse effects related to 
high-dose insulin therapy, particularly hypoglycaemia, and also declined nurs-
ing workload. Both treatment protocols showed improvements in inflamma-
tory cytokine levels. Further studies with larger sample sizes are warranted to 
determine the undiscovered facts of insulin-sensitising agents in critically ill 
patients.

Keywords: critically ill patients; glucose; insulin; metformin;  
stress-induced hyperglycaemia
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INTRODUCTION

More than two-thirds of patients ad-
mitted to intensive care units (ICUs) de-
velop signs of the systemic inflammatory 
response syndrome (SIRS),1 related to in-
fection or tissue damage resulting in shock 
and multiple organ failure. SIRS is asso-
ciated with a pro-inflammatory response 
characterised by an increase in pro-inflam-
matory cytokines such as interleukin-6 
(IL-6) and tumour necrosis factor alpha 
(TNF-α).2,3 Additionally, a sustained el-
evation of the acute-phase protein, plas-
minogen activation inhibitor-1 (PAI-1), is 
involved in the inhibition of fibrinolysis.4

It has been revealed that several 
pathophysiological conditions often  
induce hyperglycaemia in critically ill  
patients; and most of these conditions 
are related to stress.5 Results of one study 
showed that hyperglycaemia was pres-
ent in 38% of patients, while one-third of 
these patients had no history of diabetes 
before admission to hospital.6 In non-dia-
betic patients who suffer an acute myocar-
dial infarction, the reported rate of stress 
hyperglycaemia varies from 3% to 71%.7 
Hyperglycaemia has been noted in ap-
proximately 50% of non-diabetic ICU pa-
tients with sepsis.7 In 2001, one group of 
researchers studied critically ill patients in 
an ICU who had faced stress-induced hy-
perglycaemia. They found that maintain-
ing blood glucose level between 80 and 
110 mg/dl could reduce the relative risk 
of mortality to 43%. They also reported 
that intensive insulin therapy (IIT) can 
decrease the risk of bacteraemia, acute re-
nal failure, polyneuropathy, and the need 

for blood transfusion and mechanical ven-
tilation as compared with conventional  
insulin therapy.8

However, recent studies suggest that 
IIT lowers glucose levels through stimula-
tion of skeletal muscle glucose uptake rath-
er than affecting hepatic glucose handling, 
and thus hepatic insulin resistance remains 
refractory to IIT.9 Intensive therapy intro-
duces higher doses of insulin in critically 
ill patients in the ICU, leading to adverse 
effects such as hypoglycaemia, hypokalae-
mia and possibly hypomagnesaemia and 
increased nursing workload.10,11 Regarding 
the main cause of insulin resistance, adding 
an insulin-sensitising agent to an insulin 
therapy protocol would provide a solution. 

Glucose auto-oxidation increases free 
radical and superoxide anion production 
leading to activation of nuclear factor 
kappa-B, which regulates the genes that 
encode pro-inflammatory cytokines and 
protein kinase C.5 Oxidative stress is a 
situation in which the amount of reactive 
oxygen species exceeds the levels of neu-
tralising substances referred to as antioxi-
dants. Oxidative stress plays a major role in 
diverse mechanisms for the pathogenesis 
of complications in diabetes and insulin 
resistance, but its role in acute hypergly-
caemia is not well studied.5,12

Metformin, a biguanine, has been used 
in the management of type 2 diabetes for 
more than 40 years. The glucose-lowering 
effects of metformin are mainly a conse-
quence of reduced hepatic glucose output 
and increased insulin-stimulated glucose 
uptake in skeletal muscle and adipocytes.13 
Metformin has shown antioxidant and 
anti-inflammatory effects in diabetic  
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patients14–16 and we decided to study the 
effect of IIT and metformin on these  
parameters. 

To the best of our knowledge, there 
have been no studies investigating the role 
of insulin-sensitising agents in determined 
IIT protocols for critically ill patients. This 
study was undertaken to evaluate the pro-
tective effects of metformin in addition to 
IIT following systemic inflammation in 
ICU patients.

MATERIALS AND METHODS

Subjects

Patients who were admitted to the 
ICU at Sina Hospital, Tehran, Iran, with 
indications of SIRS and hyperglycaemia 
(defined as blood glucose level [BGL] 
>120 mg/dl) were eligible to be enrolled 
into our study. The study was reviewed and 
approved by the institutional review board 
(IRB). Written informed consent was ob-
tained from each patient’s closest relative. 

Exclusion criteria were any of the fol-
lowing: age <18 or >75 years, abdominal 
trauma, diabetes mellitus (as concluded 
by the patient’s history and abnormal 
glycosylated haemoglobin [HbA1c] lev-
els), renal failure (serum creatinine levels  

[SCr] >1.2 mg/dl or a ≥50% rise compared 
with baseline) hepatic failure (increased he-
patic enzyme levels more than three times), 
heart failure (New York Heart Association 
class III, IV), blood lactate level >2 mmol/l, 
arterial pH <7.3, arterial bicarbonate  
<13 mEq/l, mean arterial pressure (MAP) 
<70 mmHg, diarrhoea or vomiting.

Treatment Protocol

This study was a randomised, open-
label clinical trial and patients were ran-
domised to receive either IIT alone or IIT 
combined with metformin (IIT+MET) 
for 1 week. The goal of therapy was a BGL 
of 80–120 mg/dl. In the IIT protocol, in-
sulin was administered as a continuous in-
travenous infusion (50 IU regular insulin in  
50 ml of 0.9% saline). The initial infusion 
rate was administered according to BGL 
and was adjusted on the basis of the designed 
protocol (Table 1). Arterial BGL was mea-
sured every 2 hours by nursing staff at the 
bedside using the ACCU-CHEK Comfort 
kit (Roche Diagnostics Corporation, In-
dianapolis, IN, USA). During infusion of 
insulin with a rate of >5 IU/hour, BGL was 
measured every hour and whenever BGL 
dropped below 120 mg/dl, the infusion of 
insulin was stopped.

Table 1.  Intensive insulin therapy (IIT) protocol.

Admission blood  120–140 141–160 161–180 181–200 201–220 221–240*

glucose level, mg/dl

Insulin infusion rate, 1 2 3 4 5 6

IU/hour

*For every 20 mg/dl increase in blood glucose, rate of insulin increased by 1 IU/hour.
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In the IIT+MET protocol, similar 
to the IIT protocol, infusion of insulin 
started according to admission BGL. Ad-
justment of the insulin dose was made 
dependent upon BGL fluctuations. In 
addition, patients received 1000 mg met-
formin orally every 12 hours. BGL and 
arterial blood lactate were measured every 
2 and 6 hours, respectively, at the bedside. 
Arterial lactate level was measured by the 
Accutrend® Lactate kit (Roche Diagnos-
tics Corporation). Metformin was discon-
tinued if one of the following situations 
presented: lactate level >2.5 mmol/l or an 
increase of >50% from baseline; bicarbon-
ate <13 mEq/l; Ph <7.3; two consecutive 
SCr levels >1.2 mg/dl; MAP <70 mmHg 
or systolic blood pressure <90 mmHg dur-
ing the intervention.

Demographic data and clinical infor-
mation were obtained at the beginning of 
treatment. Daily vital-sign readings, labo-
ratory (biochemical and microbiological) 
parameters, medications and ventilator 
indices, haemodynamic and renal profiles 
were recorded. Daily APACHE II (Acute 
Physiology and Chronic Health Evalua-
tion) score17, SOFA (Sequential Organ 
Failure Assessment) scores18 and TISS-28 
(Therapeutic Intervention Scoring Sys-
tem-28) scores19 were calculated. Higher 
scores indicate more severe illness and a 
higher number of therapeutic interven-
tions required.

Death from any cause during intensive 
care, the number of days in the ICU, the 
need for mechanical ventilatory assistance, 
renal replacement therapy, inotropic or 
vasopressor support, blood infection and 
transfusion requirements were recorded.

Sample Collection and Handling

For all patients there were four sched-
uled time points for determination of 
total thiol molecules (TTM), IL-6, 
TNF-α, PAI-1, nitric oxide [NO], lipid 
peroxidation marker and total antioxi-
dant power (TAP) values as well as insu-
lin and C-peptide levels. The first sample 
was taken before initiating the glucose-
controlling protocol. Other samples were 
obtained on days 2, 4 and 7 after starting 
therapy. Blood samples were collected into 
BD Vacutainer® tubes (Becton Dickinson 
and Company, Franklin Lakes, NJ, USA) 
containing EDTA. The samples were then 
centrifuged at 3000G for 10 minutes, and 
the plasma separated. Plasma was stored at 
–80°C until analysis. HbA1c, insulin and 
C-peptide levels were measured in fresh 
blood samples.

TAP Assay

Antioxidant capacity of plasma was de-
termined by measuring its ability to reduce 
Fe+3 to Fe+2 (Ferric Reducing Antioxidant 
Power [FRAP] test), as described in our 
previous paper.20 

Lipid Peroxidation Assay

The reaction of lipid peroxides as the 
end product of the oxidation of cellular 
polyunsaturated fatty acids with thiobar-
bituric acid creates a complex which is 
determined spectrophotometrically with 
absorbance at 532 nm. The lipid peroxi-
dation in samples was assessed in terms 
of thiobarbituric acid reactive substances 
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(TBARS) produced, as described in our 
previous paper.20

TTM Assay

TTM in plasma were measured by a 
spectrophotometric method using dithi-
onitrobenzoic acid as the reagent, as de-
scribed in our previous paper.20

Total NO Determination 

Concentration of total NO in plasma 
was measured using an NO human immu-
noassay kit (Promega Corporation, Madi-
son, WI, USA). Total NO was assayed by 
the enzymatic conversion of nitrate to ni-
trite by nitrate reductase. The reaction is 
followed by a colourimetric detection of 
nitrite as an azo dye product of the Griess 
reaction. The Griess reaction is based on 
the two-step diazotization reaction in 
which acidified NO2 produces a nitrosat-
ing agent, which reacts with sulphonic acid 
to produce the diazonium ion. This ion is 
then coupled to N-(1-naphthyl) ethylene-
diamine to form the chromophoric azo de-
rivative which absorbs light at 540 nm.

PAI-1, IL-6 and TNF-α Determination

The assays employed the quantitative 
sandwich enzyme immunoassay technique 
by using commercially available enzyme-
linked immunosorbent assay (ELISA) kits 
for TNF-α and IL-6 (Quantikine®; R&D 
Systems, Minneapolis, MN, USA) and for 
PAI-1 (Imubind®; American Diagnostica 
Inc, Stamford, CT, USA) according to the 
manufacturer’s instructions.

HbA1c, Insulin and C-Peptide  
Determination

HbA1c, plasma insulin and C-peptide 
levels were measured by biochemical kits 
in the hospital laboratory. Other variables 
were measured in the hospital laboratory as 
usual.

Statistical Analysis

The statistical analysis was performed 
using SPSS-15 software. Results were ex-
pressed as mean±standard error. As the 
distribution of IL-6, TNF-α and PAI-1 
values were skewed (one-sample Kolmog-
orov–Smirnov test, P<0.05), these values 
were transformed to ln (natural logarithm 
of IL-6, TNF-α and PAI-1 concentration) 
and were then analysed. The general linear 
model repeated-measures test was used to 
evaluate significance of changes in differ-
ent variables at different times. Post-hoc 
analysis was performed if changes were 
statistically significant. Variations within 
groups (in comparison to baseline) were 
evaluated by paired t-test. Differences be-
tween two protocols were assessed by in-
dependent t-test. A P value of <0.05 was 
considered statistically significant.

RESULTS

A total of 27 patients who had SIRS 
were included in this study. Two patients 
in the IIT group and one patient in the 
IIT+MET group died of multi-organ 
dysfunction syndrome. In the IIT+MET 
group, one patient was excluded because 
of a rise in serum creatinine. Two patients 
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(one from each group) were excluded be-
cause of their good clinical status and lack 
of need of ICU, and were transferred to 
the medical floor. This left 21 patients, of 
whom 11 were in the IIT group and 10 
were in the IIT+MET group. The demo-
graphic and clinical characteristics were es-
sentially similar for both groups, as shown 
in Table 2. 

From the second day, patients on both 
protocols had BGL that generally remained 
below 120 mg/dl. There was no significant 
difference in average daily BGL between 
the two protocols (P>0.05; Figure 1). 

During the course of the study, mean 
daily insulin requirements of patients 
decreased in both groups. There was no 
significant difference between the two pro-
tocols on days 1, 2 and 3 (P>0.05). From 
the fourth day, the difference was signifi-
cant, with a lower insulin requirement in 
the IIT+MET group (P<0.05; Figure 2).

Baseline insulin and C-peptide levels 
showed no significant difference between 
the two protocols. On days 2 and 4, insu-
lin and C-peptide levels decreased signifi-
cantly (P<0.05) in the IIT+MET group in 
comparison with the IIT group (Table 3). 

As presented in Table 4, there was no 
significant difference between baseline 
plasma IL-6, TNF-α, PAI-1, and NO lev-
els among the IIT and IIT+MET groups. 
Neither basal TBARS, TAP nor TTM 
were statistically different. 

The reduction of TNF-α and IL-6 lev-
els as compared to baseline was significant 
throughout the study in the IIT+MET 
group (P<0.05). In the IIT group, reduc-
tion of TNF-α levels as compared to base-
line was significant throughout the study, 
although the reduction of IL-6 levels was 
only significant at days 2 and 4 (P<0.05). 

Reduction of PAI-1 was significant  
after 96 hours (P<0.01) and at the end 

Table 2.  Demographic and baseline characteristics.

    

Age, years (range) 41.6±4.1 (28–72) 47.8±4.6 (30–71)

Blood glucose level, mg/dl 195±6.2 192±6.5

Arterial pressure, mmHg 105±3.8 110±4.2

Serum creatinine, mg/dl 0.65±0.02 0.74±0.075

pH 7.41±0.005 7.4±0.022

HbA1c, % 5.2±0.2 5.4±0.25

SOFA score 6.5±0.9 6.7±0.8

TISS-28 score 33.06±3.16 32.5±3.29

Median APACHE II score  16 (10–23) 15 (10–22)

      (interquartile range)

Data are presented as mean±standard error.
APACHE II=Acute Physiological and Chronic Health Evaluation; HbA1c=glycosylated haemoglobin; 
IIT=intensive insulin therapy; IIT+MET=intensive insulin therapy with metformin; 
SOFA=Sequential Organ Failure Assessment; TISS-28=Therapeutic Intervention Scoring System-28. 

IIT (n=11)  IIT+MET (n=10)
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of the study (P=0.014) in the IIT+MET 
group as compared to baseline but the 
changes were not significant in the IIT 
group. The concentration of NO decreased 
in the IIT+MET group after 48 and 96 
hours (P<0.05) and at day 7 (P<0.01). In 

the IIT group, the reduction of NO con-
centration was significant on day 2 and day 
4 (P<0.01) but it did not reach a signifi-
cant level on day 7 (P=0.053). 

No significant change in TAP level 
was observed in either group after 48 
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hours. A significant improvement in TAP 
level was present in both groups after 96 
hours (P<0.05). Increase in TAP at day 
7 was observed only in the IIT+MET 
group (P<0.05). TBARS decreased in 
the IIT and IIT+MET groups after day  
4 (P<0.05).  

Significant changes in TTM were seen 
in both the IIT and IIT+MET groups 
(P<0.05). When we compared the two 
groups at different times, no significant 

difference was seen between protocols re-
garding each marker, but in the IIT+MET 
group the reduction of IL-6 at day 4 and 
increase of TAP at day 7 were significantly 
greater than in the IIT group (P<0.05, 
Figure 3).

During the study, one case of bacterae-
mia occurred in the IIT group, and there 
was one case of increasing serum creatinine 
and acute renal failure in the IIT+MET 
group that required renal replacement 

Table 3.  The effects of each protocol on insulin and C-peptide concentrations during the study period.

Plasma insulin concentration, mIU/l

     Baseline 6.57±0.78 6.44±0.59 0.899

      Day 2 16.14±0.67 6.99±0.19 <0.001

      Day 4 13.08±1.9 5.6±0.6 0.015

Plasma C-peptide concentration, ng/ml

      Baseline 2.33±0.18 2.2±0.24 0.743

      Day 2 2.7±0.143 1.85±0.118 0.002

      Day 4 2.86±0.136 1.96±0.132 0.001

Data are presented as mean±standard error.
IIT=intensive insulin therapy; IIT+MET=intensive insulin therapy with metformin. 

IIT (n=11)                   IIT+MET (n=10)                   P value

Table 4. Baseline values of inflammatory and coagulation factors and markers of oxidative stress.

IIT (n=11)                   IIT+MET (n=10)                   P value

IL-6, pg/ml 226.14±20.32 244.59±22.85 0.895

TNF-α, pg/ml 268.16±30.7 281.47±24.9 0.406

PAI-1, ng/ml 129.82±9.19 128.72±7.12 0.926

NO, μmol/l 37.47±9.34 39.04±7.21 0.497

TTM, mmol/l 0.2014±0.02 0.2139±0.04 0.744

TBARS, μmol/l 193.7±24.7 220.8±36 0.545

TAP, mmol/l 216.22±18.96 179.34±13.85 0.134

Data are presented as mean±standard error.
IIT=intensive insulin therapy; IIT+MET=intensive insulin therapy with metformin; IL-6=interleukin-6; 
NO=nitric oxide; PAI-1=plasminogen activator inhibitor-1; TAP=total antioxidant power; 
TBARS=thiobarbituric acid reactive substances; TNF-α=tumour necrosis factor alpha; 
TTM=total thiol molecules. 
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therapy. One case in each arm of therapy un-
derwent mechanical ventilation during the 
study. Four cases in the IIT group and three 
cases in the IIT+MET group required ino-
tropic support during the study. The num-
ber of days of antibiotic coverage did not 

differ between each protocol (7.7±0.9 days 
and 8.0±0.9 days in the IIT and IIT+MET 
groups, respectively; P=0.832). No signifi-
cant change in length of ICU stay was seen 
between the two groups (26.3±4.03 days 
in the IIT group; 23.3±5.12 days in the 

Figure 3. The effects of IIT (intensive insulin therapy) and IIT+MET (intensive insulin therapy with 
metformin) on the plasma concentrations of (A) TNF-α (tumour necrosis factor alpha), 
(B) IL-6 (interleukin-6), (C) PAI-1 (plasminogen activation inhibitor-1), (D) NO (nitric oxide), 
(E) TAP (total antioxidant power), (F) TBARS (thiobarbituric acid reactive substances) and 
(G) TTM (total thiol molecules). Data are shown as mean of difference from baseline.     IIT and     IIT+MET. 
P values are calculated by paired t-test (after log transformation for TNF-α, IL-6 and PAI-1) (P<0.05).
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IIT+MET group, P>0.05). In-ICU mortal-
ity rate was 27.3% in the IIT group and 20% 
in the IIT+MET group (P>0.05). 

The baseline SOFA scores were similar 
between the two treatment groups. SOFA 
score declined in the IIT group from 6.5±0.9 
to 3.4±0.3 at day 7 (P=0.005) and in the 
IIT+MET group from 6.7±0.8 to 2.9±0.5 
(P<0.001).

In the IIT group, the initial TISS-28 
score was 33.06±3.16 and decreased to 
26.66±2.3 (P=0.141). In the IIT+MET 
group, the TISS-28 score declined from 
32.5±3.29 to 22.5±1.41 (P=0.007).

One case of mild hypoglycaemia 
(BGL=56 mg/dl) in the IIT+MET group 
and three cases in the IIT group (BGL=50, 
55 and 47 mg/dl) were reported.
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During the study we did not observe 
any significant rise in blood lactate lev-
el or any decrease in arterial pH in the 
IIT+MET group (Figure 4).

DISCUSSION

Elevation in blood glucose, which has 
been previously ignored or described as an 
adaptive process, has now become a major 

therapeutic target in critically ill patients 
following the Leuven study.8 Several other 
trials have been designed to determine the 
impact of IIT on various clinical outcomes 
in different patient population and have 
defined the target glycaemic control and 
the probable mechanisms.21–24

The key point of the successful pub-
lished studies was decreasing the BGL to 
a specific target. In other words, glycaemic 
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control level appears to be critical for the 
benefits of IIT; a conclusion supported by 
studies examining glucose lowering as op-
posed to insulin administration by itself.25 
As mentioned before, the centre point of 
stress-induced hyperglycaemia is insulin 
resistance, suggesting that therapies should 
overcome insulin resistance to improve 
clinical outcome.

In the present study, we considered 
metformin as an insulin-sensitising agent 
added into the IIT protocol for evaluating 
the potential clinical efficacy and safety 
of metformin in critically ill patients. We 
studied changes in biomarkers of inflam-
mation (IL-6, TNF-α, NO), coagulation 
(PAI-1) and oxidative stress status. Our re-
cent investigations have revealed remark-
able results on the role of cytokines such as 
NO, IL, growth factors and oxidative stress 
mediators in the pathology or prognosis of 
many chronic and acute diseases and these 
issues led us to study the effect of IIT and 
metformin on these variables.2,3,20,26–30

Although reductions in TNF-α and 
IL-6 were obvious in both groups, it was 
more prominent in the IIT+MET pro-
tocol. Generally, there was no statistically 
significant difference between the two 
groups. A benefit of TNF-α and IL-6 re-
duction would be the decline in their dele-
terious effects including insulin resistance, 
inflammation, apoptosis, cytotoxicity, 
reduced expression of eNOS (endothe-
lial nitric oxide synthase) and its activity, 
and impaired NO-mediated relaxation of  
vessels.31–34

Several lines of evidence have sug-
gested that insulin has a variety of direct 
anti-inflammatory effects.5 The proposed 
mechanism by which insulin mediates 
many of these effects is through inhibition 
of nuclear factor kappa-B.35 Insulin sup-
presses expression of the pro-inflamma-
tory TNF-α and inhibits IL-6 induction 
of inflammation.36 In critically ill patients 
undergoing insulin infusion, insulin has 
documented strong anti-inflammatory 
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effects, as reflected by reduced duration 
of leukocytosis/leukopenia and hypo/ 
hyperthermia, and suppression of the 
acute-phase responses of mannose-binding  
lectin and C-reactive protein.37

There is evidence for the anti-inflam-
matory effects of metformin such as reduc-
tion of IL-6 and IL-8 levels.16 However, 

conflicting reports are available about the 
effect of metformin on TNF-α level.38,39 

Some studies report that metformin in-
creases circulating TNF-α level in non-
obese subjects, or that it has no effect on 
TNF-α or TNF receptor level. Moreover, 
metformin does not exert its major action 
on insulin sensitivity through reduction 
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of circulating TNF-α level in prediabetic 
individuals and patients with coronary ar-
tery disease.38,39

We have also found that PAI-1 level 
was decreased in both IIT and IIT+MET 
protocols. Reduction in the IIT+MET 
group was more pronounced as compared 
to the IIT group, although the findings 
were not statistically significant. PAI-1 is 
the major physiological inhibitor of tissue-
type plasminogen activator. PAI-1 is an in-
hibitor of fibrinolysis and increased levels 
are considered a contributor to the proco-
agulant state associated with thrombotic 
diseases. In addition, it has been shown 
that PAI-1 levels correlate well with the 
severity of some diseases such as infection 
during sepsis.40 Metformin is reported to 
reduce PAI-1 antigen in insulin-resistant 
HIV patients and in obese type 2 diabetics 
through the improvement of hyperinsuli-
naemia and insulin resistance.41,42 Therapy 
with metformin also reduces thrombogen-
ic propensity by decreasing levels of von 
Willebrand factor.43 One experimental 
study in a model of post-surgical sepsis in 
rats showed that metformin prevents liver 
damage by decreasing pro-inflammation 
(IL-6) and haemostasis (PAI-1) response.44 
Some reports have shown that insulin de-
creases PAI-1 level, noted especially in 
obese persons and myocardial infarction 
patients.45

Our patients had higher plasma PAI-1 
levels than other studies. This event could 
be due to higher inflammatory factors 
(TNF-α, IL-6, sepsis) and stress levels.46,47 
Another possible explanation is that PAI-1 
is stored in platelets and is secreted by ac-
tivated platelets. If the plasma we tested 

was rich in platelets, the measured level of 
PAI-1 would be higher.48 

Furthermore if fat-emulsion (in par-
enteral nutrition) and heparin are infused 
concurrently, a marked increase in plasma 
PAI-1 is evoked.49 Results from the pres-
ent study are consistent with reduction of 
hypercoagulation and predisposition to 
thrombosis and this beneficial effect was 
observed in both protocols. 

NO has multiple actions in critical ill-
ness, including a dilating effect on vessels, 
antithrombotic properties, by decreasing 
platelet aggregation and smooth muscle 
cell proliferation, prevention of leukocyte 
adhesion, antimicrobial effects and even 
acting as an antioxidant.50–52 

The other side of this mediator is cyto-
toxicity: NO can also readily interact with 
superoxide (O2–) to form peroxynitrite 
(ONOO–), a highly toxic radical. One 
mechanism underlying the anti-inflam-
matory effect of insulin may be through 
the release of NO from the endothelium 
resulting in vasodilation.53 Insulin exerts 
an antiplatelet effect mediated by platelet 
NO synthase activation and the release 
of NO.54 Insulin infusions have also been 
shown to suppress inducible NO synthase 
(iNOS) expression in the liver and reduce 
plasma concentrations of nitrite and ni-
trate, the two metabolites of NO.55 During 
inflammation and SIRS, however, the bal-
ance between free radicals and antioxidants 
may shift in favour of a relative increase in 
free radicals, resulting in increased oxida-
tive stress.56 Consequently, we measured 
NO content along with oxidative stress 
status to establish whether these changes 
were important during the study or not. 
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In this study, we recorded reduction of 
NO level in both groups. It is possible that 
these findings are related in part to the de-
crease in destructive properties rather than 
constructive effects of NO. 

Increasing antioxidant power was sig-
nificant in both groups as compared to 
baseline, and difference between the two 
groups reached a statistically significant 
level at day 7 with greater increase for the 
IIT+MET group. Glutathione is the ma-
jor low-molecular-weight thiol in mam-
malian cells where it constitutes the most 
important antioxidant defence, so our 
measurement of TTM actually shows the 
glutathione. We observed an elevation in 
TTM as compared to baseline but there 
was no statistically significant difference 
between two protocols. TBARS as an 
indicator of extra free radicals and lower 
antioxidant capacity decreased in both 
groups as compared to baseline. Critically 
ill patients are in a deficient antioxidant 
status (e.g. acute respiratory distress syn-
drome), and therapies that improve over-
all antioxidant power are necessary in this 
setting.26 Numerous pieces of evidence 
support the improvement of antioxidant 
status with metformin,12 consisting of an 
increase of antioxidant enzymatic activi-
ties in red cells14 and chelating of copper 
or iron,12 increase of glutathione levels in 
rats,57 and a decrease of xanthine oxidase 
activity and lipid peroxidation mark-
ers in type 2 diabetic patients.15 It seems 
that metformin acts through limiting the 
activation of both dihydronicotinamide 
adenine dinucleotide phosphate oxidase 
and mitochondrial respiratory chain com-
plex 1, and maybe through modulation 

of cellular AMP-activated protein kinase 
(AMPK) activity.58,59

No statistically significant change in 
the measured parameters was observed be-
tween the two groups suggesting that ad-
dition of metformin to IIT protocols had 
no deleterious effect on the key biochemi-
cal markers of inflammation, coagulation 
and oxidation. 

During the study, one case of bacterae-
mia occurred in the IIT group and one case 
of increasing SCr and acute renal failure 
in the IIT+MET group. Two cases in the 
IIT group and one case in the IIT+MET 
group received blood transfusions. Four 
cases in the IIT group and three cases in 
the IIT+MET group needed inotropic 
support during the study. One case in each 
arm of therapy underwent mechanical 
ventilation. Whether the clinical effects of 
two protocols in our study are equivalent 
or not is not yet certain and we selected the 
SOFA score as a quantitative tool to judge 
this matter to some extent. The ability to 
perform consecutive SOFA scores allows 
a more effective representation of the dy-
namics of illness including the effectiveness 
of therapy. Our results show a significant 
reduction in SOFA score, meaning reduc-
tion of disease severity during an ICU stay 
with both of these therapies.

Analysis of data has shown that BGL 
was not different between the two pro-
tocols but the mean daily dose of insulin 
was significantly lower in the IIT+MET  
group compared with the IIT group.

The use of a lower insulin concentra-
tion may result in less hypokalaemia10 

and hypomagnesaemia,11 and maybe less 
chance for hypoglycaemia. These ben-
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eficial effects are due to control of glucose 
level rather than a direct effect of insulin, 
and this is supported by a previous study.25 
Of course, the unknown effects of met-
formin in such an acute setting remain to 
be elucidated.

The major risk associated with IIT 
is hypoglycaemia. It may develop when 
blood glucose targets are near normal and 
responses to insulin therapy are unpredict-
able, or if medical errors occur.60 Unfortu-
nately, assessment of the central nervous 
system side effects of hypoglycaemia can 
be complicated as patients are unable to 
communicate due to ventilation and seda-
tion. No report of hypoglycaemia defined 
as BGL <40 mg/dl was noted during our 
study except for three cases in the IIT 
group and one patient in the IIT+MET 
group (during the first day of metformin 
therapy) who experienced mild hypogly-
caemia. These instances of hypoglycae-
mia were not accompanied by any clinical  
sequelae.

The most widely publicised adverse ef-
fect related to metformin therapy is lactic 
acidosis.61 To support the magnitude of the 
risk factors for lactic acidosis, one should 
not forget that the incidental rate in pa-
tients receiving metformin has been esti-
mated as low as one case per 30,000 patient 
years.62 The recently published Cochrane 
review of 65,621 type 2 diabetes patients 
in comparative trials and cohorts showed 
a comparable incidence of lactic acidosis 
in metformin-treated and non-treated 
patients.63 In the present study, changes 
in lactate levels and pH were insignificant 
(P>0.05). The importance of this finding 
is that in the ICU setting with frequent 

monitoring of various organ functions 
and compensation of the crisis with criti-
cal care, the fear of this rare adverse effect 
may not be a major concern. 

IIT protocols necessitate incremen-
tal nursing time and effort. We chose the 
TISS-28 as an evaluative tool as it repre-
sents the intensity of our interventions. 
Considering that each TISS-28 point cor-
responds to 10.6 minutes of the work time 
of a critical care nurse, within a 6-hour 
shift, each nurse would be able to care for 
a patient with a maximum of 34 points. 
Analysis of TISS-28 in our study showed 
that TISS-28 declined in both groups due 
to the nature of intensive care in some cas-
es, but this reduction was significant in the 
IIT+MET group (P=0.141 and P=0.007 
in the IIT and IIT+MET groups, respec-
tively). Actually, the intensive glucose 
control caused an extra workload. Every  
hour, the nursing caregiver had to place 
a glucose meter at the bedside, perform a  
finger stick test, record the results, and  
make the necessary insulin drip adjust-
ments. This would take up to 5 minutes 
of each hour. Mean number of glucose  
measurements during our study were 
104.4±7.6 times for the IIT group and 
65.2±5.3 times in the IIT+MET group 
for each patient. Thus, the addition of  
metformin to the insulin protocol seemed 
to reduce the nursing workload. 

It is obvious that there is a defect in 
the absorption of oral medication in ICU 
due to the common gastrointestinal ab-
normalities during hospitalisation such as 
gastrointestinal hypoperfusion, intestinal 
dysmotility and atrophy. This is support-
ed by our recent study on metformin.64  
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Consequently, alterations in oral bioavail-
ability make intravenous administration 
the generally preferred route and it should 
be tried in future.

The small sample size of the present 
study is a limitation and thus further studies 
with larger number of patients are necessary 
to prove the benefit of metformin in IIT.

In conclusion, introducing metformin 
as an insulin-sensitising agent in IIT pro-
tocols results in lower insulin requirement 
with the same effect on BGL. Regarding 
the importance of blood glucose control 
rather than dose of insulin, the present 
results support that combined metformin 
and insulin had no deleterious effects on 
inflammatory markers and markers of oxi-
dative stress and clinical status. In addition, 
it results in decreasing TISS-28 score as an 
index for evaluating the severity of the dis-
ease and interventions, and decline of the 
nursing workload. 

REFERENCES

1. Rangel-Frausto MS, Pittet D, Costigan M, 
Hwang T, Davis CS, Wenzel RP. The 
natural history of the systemic inflammatory 
response syndrome (SIRS). A prospective 
study. JAMA. 1995;273:1117–1123.

2. Hadidi E, Mojtahedzadeh M, Paknejad MH, 
et al. Alterations of blood IL-8, TGF-β1 and 
nitric oxide levels in relation to blood cells 
in patients with acute brain injury. Therapy. 
2006;3:413–419.

3. Salari P, Mojtahedzadeh M, Najafi A, et al. 
Comparison of the effect of aminophylline 
and low PEEP vs. high PEEP on EGF 
concentration in critically ill patients 
with ALI/ARDS. J Clin Pharm Ther. 
2005;30:139–144.

4.  Alessi MC, Poggi M, Juhan-Vague I. 
Plasminogen activator inhibitor-1, adipose 
tissue and insulin resistance. Curr Opin 
Lipidol. 2007;18:240–245.

5. Kajbaf F, Mojtahedzadeh M, Abdollahi M. 
Mechanisms underlying stress-induced 
hyperglycemia in critically ill patients. 
Therapy. 2007;4:97–106.

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. Mizock BA. Alterations in fuel metabolism 
in critical illness: hyperglycemia. Best 
Pract Res Clin Endocrinol Metab. 
2001;15:533–551.

8. Van den Berghe G, Wouters P, Weekers F, 
et al. Intensive insulin therapy in the 
critically ill patients. N Engl J Med. 
2001;345:1359–1367.

9. Mesotten D, Delhanty PJ, Vanderhoydonc F, 
et al. Regulation of insulin-like growth 
factor binding protein-1 during protracted 
critical illness. J Clin Endocrinol Metab. 
2002;87:5516–5523. 

10.  Gennari FJ. Hypokalemia. N Engl J Med. 
1998;339:451–458.

11.  Delva P, Degan M, Trettene M, Lechi A. 
Insulin and glucose mediate opposite 
intracellular ionized magnesium variations 
in human lymphocytes. J Endocrinol. 
2006;190:711–718. 

12. Rahimi R, Nikfar S, Larijani B, Abdollahi M. 
A review on the role of antioxidants 
in the management of diabetes and its 
complications. Biomed Pharmacother. 
2005;59:365–373.



Ansari et al.

699

13.  Bailey CJ, Turner RC. Metformin. N Engl  
J Med. 1996;334:574–579.

14. Pavlović D, Kocić R, Kocić G, et al. Effect 
of four-week metformin treatment on 
plasma and erythrocyte antioxidative defense 
enzymes in newly diagnosed obese patients 
with type 2 diabetes. Diabetes Obes Metab. 
2000;2:251–256.

15. Tessier D, Maheux P, Khalil A, Fülöp T. 
Effects of gliclazide versus metformin on 
the clinical profile and lipid peroxidation 
markers in type 2 diabetes. Metabolism. 
1999;48:897–903.

16. Isoda K, Young JL, Zirlik A, et al. Metformin 
inhibits proinflammatory responses and 
nuclear factor-kappaB in human vascular 
wall cells. Arterioscler Thromb Vasc Biol. 
2006;26:611–617.

17. Knaus WA, Draper EA, Wagner DP, 
Zimmerman JE. APACHE II: a severity of 
disease classification system. Crit Care Med. 
1985;13:818–829.

18. Vincent JL, Moreno R, Takala J, et al. 
The SOFA (Sepsis-related Organ Failure 
Assessment) score to describe organ 
dysfunction/failure. On behalf of the 
Working Group on Sepsis-Related Problems 
of the European Society of Intensive 
Care Medicine. Intensive Care Med. 
1996;22:707–710.

19. Miranda DR, de Rijk A, Schaufeli W. 
Simplified Therapeutic Intervention 
Scoring System: the TISS-28 items – results 
from a multicenter study. Crit Care Med. 
1996;24:64–73.

20. Astaneie F, Afshari M, Mojtahedi A, et al.  
Total antioxidant capacity and levels 
of epidermal growth factor and nitric 
oxide in blood and saliva of insulin-
dependent diabetic patients. Arch Med Res. 
2005;36:376–381.

21. Van den Berghe G, Wilmer A, Hermans G, 
et al. Intensive insulin therapy in the medical 
ICU. N Engl J Med. 2006;354:449–461.

22. Krinsley JS. Effect of an intensive glucose 
management protocol on the mortality of 
critically ill adult patients. Mayo Clin Proc. 
2004;79:992–1000.

23. Grey NJ, Perdrizet GA. Reduction of 
nosocomial infections in the surgical 
intensive-care unit by strict glycemic control. 
Endocr Tract. 2004;10(suppl 2):46–52.

24. Rady MY, Johnson DJ, Patel BM, Larson 
JS, Helmers RA. Influence of individual 
characteristics on outcome of glycemic 
control in intensive care unit patients with  
or without diabetes mellitus. Mayo Clin 
Proc. 2005;80:1558–1567.

25. Van den Berghe G, Wouters PJ, Bouillon R, 
et al. Outcome benefit of intensive insulin 
therapy in the critically ill: insulin dose 
versus glycemic control. Crit Care Med. 
2003;31:359–366.

26. Soltan-Sharifi MS, Mojtahedzadeh M, Najafi 
A, et al. Improvement by N-acetylcysteine 
of acute respiratory distress syndrome 
through increasing intracellular glutathione, 
and extracellular thiol molecules and anti-
oxidant power: evidence for underlying 
toxicological mechanisms. Hum Exp Toxicol. 
2007;26:697–703.

27. Larijani B, Afshari M, Astanehi-Asghari F, 
et al. Effect of short-term carvedilol therapy 
on salivary and plasma oxidative stress 
parameters and plasma glucose level in type 
II diabetes. Therapy. 2006;3:119–123.

28. Vazin A, Mojtahedzadeh M, Najafi A, 
Khalilzadeh A, Abdollahi M. Relationship 
between duration, fatality rate and severity 
of disease and serum epidermal growth 
factor in human acute lung injury. Therapy. 
2005;2:255–259.



Advances in Therapy®     Metformin for Control of Hyperglycaemia in ICU

700

29. Salari P, Mojtahedzadeh M, Abdollahi M. 
Influence of serum epidermal growth factor 
on mechanical ventilation and survival 
in patients with acute respiratory distress 
syndrome. Therapy. 2005;2:393–398.

30. Radfar M, Larijani B, Hadjibabaie M, 
Rajabipour B, Mojtahedi A, Abdollahi M. 
Effects of pentoxifylline on oxidative stress 
and levels of EGF and NO in blood of 
diabetic type-2 patients; a randomized, 
double-blind placebo-controlled 
clinical trial. Biomed Pharmacother. 
2005;59:302–306.

31. Chang HR, Bistrian B. The role of cytokines 
in the catabolic consequences of infection 
and injury. JPEN J Parenter Enteral Nutr. 
1998;22:156–166.

32. Orshal JM, Khalil RA. Interleukin-6 
impairs endothelium-dependent NO-
cGMP-mediated relaxation and enhances 
contraction in systemic vessels of pregnant 
rats. Am J Physiol Regul Integr Comp Physiol. 
2004;286:R1013–R1023. 

33.  Warne JP. Tumour necrosis factor α:  
a key regulator of adipose tissue mass.  
J Endocrinol. 2003;177:351–355.

34. Hotamisligil GS. The role of TNF alpha 
and TNF receptors in obesity and insulin 
resistance. J Intern Med. 1999;245:621–625.

35. Dandona P, Aljada A, Mohanty P, et al. 
Insulin inhibits intranuclear nuclear 
factor kappaB and stimulates IkappaB in 
mononuclear cells in obese subjects: evidence 
for an anti-inflammatory effect? J Clin 
Endocrinol Metab. 2001;86:3257–3265.

36. Andersson CX, Sopasakis VR, Wallerstedt 
E, Smith U. Insulin antagonizes interleukin-6 
signaling and is anti-inflammatory 
in 3T3-L1 adipocytes. J Biol Chem. 
2007;282:9430–9435.

37. Hansen TK, Thiel S, Wouters PJ, 
Christiansen JS, Van den Berghe G. 
Intensive insulin therapy exerts anti-
inflammatory effects in critically ill patients 
and counteracts the adverse effect of low 
mannose-binding lectin levels. J Clin 
Endocrinol Metab. 2003;88:1082–1088.

38. Carlsen SM, Waage A, Grill V, Følling I. 
Metformin increases circulating tumor 
necrosis factor-alpha levels in non-obese 
non-diabetic patients with coronary heart 
disease. Cytokine. 1998;10:66–69.

39. Biarnés J, Fernández-Real JM, Fernández-
Castañer M, del Mar García M, Soler J, 
Ricart W. Differential regulation of insulin 
action and tumor necrosis factor alpha 
system activity by metformin. Metabolism. 
2005;54:235–239.

40. Mavrommatis AC, Theodoridis T, 
Economou M, et al. Activation of the 
fibrinolytic system and utilization of the 
coagulation inhibitors in sepsis: comparison 
with severe sepsis and septic shock. Intensive 
Care Med. 2001;27:1853–1859.

41. Hadigan C, Meigs JB, Rabe J, et al. 
Framingham Heart Study. Increased PAI-1 
and tPA antigen levels are reduced with 
metformin therapy in HIV-infected patients 
with fat redistribution and insulin resistance. 
J Clin Endocrinol Metab. 2001;86:939–943.

42. Grant PJ. The effects of high- and medium-
dose metformin therapy on cardiovascular 
risk factors in patients with type II diabetes. 
Diabetes Care. 1996;19:64–66.

43. Charles MA, Morange P, Eschwège E, 
André P, Vague P, Juhan-Vague I. Effect of 
weight change and metformin on fibrinolysis 
and the von Willebrand factor in obese 
nondiabetic subjects: the BIGPRO1 
Study. Biguanides and the Prevention 
of the Risk of Obesity. Diabetes Care. 
1998;21:1967–1972.



Ansari et al.

701

44. Bergheim I, Luyendyk JP, Steele C, et al. 
Metformin prevents endotoxin-induced liver 
injury after partial hepatectomy. J Pharmacol 
Exp Ther. 2006;316:1053–1061.

45. Aljada A, Ghanim H, Mohanty P, Kapur 
N, Dandona P. Insulin inhibits the 
pro-inflammatory transcription factor 
early growth response gene-1 (Egr)-1 
expression in mononuclear cells (MNC) 
and reduces plasma tissue factor (TF) and 
plasminogen activator inhibitor-1 (PAI-1) 
concentrations. J Clin Endocrinol Metab. 
2002;87:1419–1422.

46. Healy AM, Gelehrter TD. Induction 
of plasminogen activator inhibitor-1 in 
HepG2 human hepatoma cells by mediators 
of the acute phase response. J Biol Chem. 
1994;269:19095–19100.

47. Fearns C, Loskutoff DJ. Induction 
of plasminogen activator inhibitor 
1 gene expression in murine liver by 
lipopolysaccharide. Cellular localization  
and role of endogenous tumor 
necrosis factor-alpha. Am J Pathol. 
1997;150:579–590.

48. Vaughan DE. PAI-1 and atherothrombosis.  
J Thromb Haemost. 2005;3:1879–1883.

49. Krebs M, Geiger M, Polak K, et al. Increased 
plasma levels of plasminogen activator 
inhibitor-1 and soluble vascular cell adhesion 
molecule after triacylglycerol infusion in 
man. Thromb Haemost. 2003;90:422–428.

50. Billiar TR. Nitric oxide: novel biology 
with clinical relevance. Ann Surg. 
1995;221:339–349. 

51.  Wilkinson IB, Qasem A, McEniery CM, 
Webb DJ, Avolio AP, Cockcroft JR. Nitric 
oxide regulates local arterial distensibility in 
vivo. Circulation. 2002;105:213–217. 

52.  Dengim AC, Morrow SE, Ku J, Zar HA, 
Nakayama DK. Nitric oxide inhibits 

 peroxide-mediated endothelial toxicity.  
J Surg Res. 1998;75:127–134.

53. Aljada A, Saadeh R, Assian E, Ghanim H, 
Dandona P. Insulin inhibits the expression of 
intercellular adhesion molecule-1 by human 
aortic endothelial cells through stimulation 
of nitric oxide. J Clin Endocrinol Metab. 
2000;85:2572–2575.

54. Worthley MI, Holmes AS, Willoughby SR, 
et al. The deleterious effects of hyperglycemia 
on platelet function in diabetic patients 
with acute coronary syndromes mediation 
by superoxide production, resolution with 
intensive insulin administration. J Am Coll 
Cardiol. 2007;49:304–310.

55. Langouche L, Vanhorebeek I, Vlasselaers D, 
et al. Intensive insulin therapy protects the 
endothelium of critically ill patients. J Clin 
Invest. 2005;115:2277–2286.

56. Vazin A, Mojtahedzadeh M, Salehifar E, 
et al. Future drugs for treatment of acute 
respiratory distress syndrome.  
Int J Pharmacol. 2005;1:9–16.

57. Ewis SA, Abdel-Rahman MS. Effect of 
metformin on glutathione and magnesium in 
normal and streptozotocin-induced diabetic 
rats. J Appl Toxicol. 1995;15:387–390.

58. Bonnefont-Rousselot D, Raji B, Walrand 
S, et al. An intracellular modulation of 
free radical production could contribute 
to the beneficial effects of metformin 
towards oxidative stress. Metabolism. 
2003;52:586–589.

59. Musi N, Hirshman MF, Nygren J, et al. 
Metformin increases AMP-activated 
protein kinase activity in skeletal muscle 
of subjects with type 2 diabetes. Diabetes. 
2002;51:2074–2081.



Advances in Therapy®     Metformin for Control of Hyperglycaemia in ICU

702

60. Brunkhorst FM, Engel C, Bloos F, et al. 
Intensive insulin therapy and pentastarch 
resuscitation in severe sepsis. N Engl J Med. 
2008;358:125–139.

61. Setter SM, Iltz JL, Thams J, Campbell RK. 
Metformin hydrochloride in the treatment 
of type 2 diabetes mellitus: a clinical review 
with a focus on dual therapy. Clin Ther. 
2003;25:2991–3026.

62. Lalau JD, Race JM. Metformin and lactic 
acidosis in diabetic humans. Diabetes Obes 
Metab. 2000;2:131–137. 

63. Salpeter S, Greyber E, Pasternak G, Salpeter 
E. Risk of fatal and nonfatal lactic acidosis 
with metformin use in type 2 diabetes 
mellitus. Cochrane Database Syst Rev. 
2006;(1):CD002967.

64.  Mojtahedzadeh M, Rouini MR, Kajbaf F, 
et al. Advantage of adjunct metformin 
and insulin therapy in the management of 
glycemia in critically ill patients. Evidence 
for nonoccurrence of lactic acidosis and 
needing to parenteral metformin. Arch Med 
Sci. 2008;4:174–181.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


