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Insulin resistance is the reduced reactivity
of peripheral tissues to insulin. Its measure is
the ratio of the concentration of insulin acting
on the cell to the volume of glucose assimilation, dependent of its concentration. In healthy
subjects and normal insulinemia tissues consume 6.5-8 mg of glucose/ body weight/min
(1-7). According to another definition, insulin
resistance is considered as the condition of
impaired biological tissue response to endoand exogenous insulin, considering the metabolism of carbohydrates, lipids, and proteins
(1-9). The reasons for the occurrence of clinical
manifestations of insulin resistance have not
yet been clearly defined.
The following factors are considered in the
pathogenesis of insulin resistance:
– influence of genetic factors (2, 4, 6-12),
– influence of environmental factors (11-17),
– influence of inflammatory cytokines and
adipokines (hormones secreted by adipose
tissue) (7, 8, 9, 11-15),
– hypersecretion of hormones antagonistically affecting insulin (growth hormone,
glucagons, glycocorticosteroids, catecholamines) (3, 6, 7, 8, 11-16, 18, 19, 20).
Considering pathophysiology the following
types of insulin resistance are distinguished:
A. Receptor insulin resistance
The insulin receptor belongs to a group of
growth factor receptors exhibiting tyrosine
kinase activity. A molecule of the above-mentioned receptor is formed by two heterotetram-

ers consisting of two alpha and beta subunits.
The connection of the insulin molecule and
alpha subunit leads towards the phosphorylation of the beta subunit. This corresponds to
the enzymatic cascade of the metabolic effect
of insulin on a cell. In case of insulin resistance
one may observe the reduced number of receptors. The above-mentioned is diagnosed in
patients with type 2 diabetes mellitus where
the number of receptors is reduced by 20-50%,
as compared to healthy subjects (1-13, 15, 16,
17). Other factors in the pathophysiology of
receptor insulin resistance are mentioned,
considering the change of insulin affinity to
the receptors and their mutations. However,
the saturation of 10% of the total number of
insulin receptors leads to the maximum shift
of glucose into the cell (4-7, 11-14). Thus, the
reduction in the number of receptors or receptor disturbances, are responsible for the decrease in glucose consumption.
B. Mechanisms connected with post-receptor
insulin resistance
Insulin resistance leads to the modification
of protein phosphorylation, and that of many
genes, in particular, those maintaining the
homeostasis of glucose, such as IRS proteins
(IRS1, IRS2), as well as adapter Grb-2 and
PI-3K proteins. This leads to diabetogenic
changes in the metabolism of glucose, proteins
and lipids (2-17). During the initial period reduced tissue insulin resistance is compensated
by the hyperactivity of beta pancreatic cells and
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hyperinsulinism (3-6, 13, 15, 17, 19). One must
mention the post-receptor insulin signalization
disturbances, which leads to impaired cellular
GLUT translocation. This leads to decreased
intracellular glucose transport. GLUT or glucose transporters are molecules, which are located inside the cell, and after receiving a signal-tyrosine kinase autophosphorylation move
to take the role of cellular membrane glucose
transport (7-10, 12-17). Available literature
data mentioned GLUT translocation impairment. This problem is discussed particularly
in regards to GLUT4. In case of type 2 diabetes
mellitus, GLUT4 translocation stimulated by
insulin is reduced by nearly 70%. Additionally,
the insulin-stimulated intracellular GLUT
translocation is impaired in patients exhibiting
both normal glucose tolerance and type 2 diabetes mellitus (4-8, 9-16).
Mechanisms responsible for the
development of insulin
resistance
1. Influence of genetic factors
In case of studies concerning insulin resistance numerous authors showed changes in
the expression of hundreds of genes regulating the glucose and lipid metabolism. Recent
publications demonstrated that the effect of
the impact of genes is dependent on environmental factors and may be modified by them
(10-17, 20). Additionally, monogenic forms of
insulin resistance are relatively rare. They
are mostly associated with mutations of the
insulin receptor located on chromosome19p13.2
(5-9, 10-14). In case of receptor dysfunction
or intracellular signal disturbances, alpha or
beta subunit mutations are most often observed. The change of Gln to Lys at position
460 of the alpha subunit, alpha chain mutations at position 15 (Lys to Asp), RECQL2
98p12-11.2 gene mutation, and many more
lead towards insulin resistance (7, 10, 12, 18).
The theory of polygenic predisposition to insulin resistance is being underlined more and
more often. Previous studies concerning genes
conditioning insulin resistance concerned the
following: genes connected with insulin resistance mediators (PPAR-γ receptor, TNF-α,
adiponectin, and Il-6 genes), genes encoding
proteins involved in intracellular signal
transduction (9 polymorphism of gene IRS- ½)

(7-20), and FABP2, ABCG5 genes (3-7,
9-14).
2. Influence of environmental factors:
– age and gender: the frequency of glucose
tolerance disturbances increases with age,
as well as the male gender;
– physical activity: in the seventies of the
twentieth century one already observed the
beneficial effects of exercising on the improvement of tissue sensitivity to insulin.
Physical exercise increases tissue sensitivity to insulin by 30%;
– diet: an important role is played by the
caloric and qualitative composition of the
diet. A high-protein diet leads to increased
glucagon and insulin secretion in the pancreas, accelerates the turnover of glycogen,
and stimulates gluconeogenesis. A high-fat
diet leads to the accumulation of triglycerides and hyperinsulinism, due to enteropancreatic axis stimulation. The excessive
consumption of carbohydrates leads to postprandial hyperglycemia and increased insulin secretion. Thus, hyperinsulinemia leads
to the weakening of the activity of insulin
on muscle tissue in particular (2, 4, 16);
– overweight and obesity: body weight influences the development of insulin resistance
in case of patients with a BMI ≥ 26.8 kg/m²
(4, 8, 9, 10, 11);
– the use of diabetogenic drugs: glycocorticosteroids, diuretics, HIV protease inhibitors,
oral contraception;
– alcohol and smoking,
– pregnancy.
3. Metabolic disturbances:
–
–
–
–

type 2 diabetes mellitus,
impaired glucose tolerance,
impaired fasting glycemia,
dyslipidemia.
4. Disease entities: insulin resistance accompanies most known inflammatory and
neoplastic disorders, as well as organ insufficiency (8-12).
5. Hypersecretion of hormones antagonistically affecting insulin: growth hormone, glucagon, glycocorticosteroids, catecholamines
and cortisol (3, 6, 9).
6. Influence of insulin resistance mediators
and pro-inflammatory cytokines during metaUnauthenticated
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bolic stress: CRP protein, TNF-α, Il-1, Il-6,
adiponectin, lectin, resistin, Tanis protein (1-7,
9-11).
Methods used in the
determination of insulin
resistance
Methods used in the determination of insulin resistance include the following:
1. Fasting insulin level
The simplest parameter that can indicate
the occurrence of insulin resistance. The following rule applies: the higher the insulin level the
higher the degree of insulin resistance (1-8).
2. Indirect indices of insulin resistance
based on the assessment of insulin and glucose
levels:
– Homeostasis Model Assessment- Insulin
Resistance (Homa IR)
Homa IR= glucose x insulin / 22.5 (1-9).
– Quantitative Insulin Sensitivity Check
Index (QUICKI)
QUICKI= 1/(log {glucose} + log {insulin})
(1-7, 10-18).
– Modified Homa IR index determined using
the Homa2 calculator
3. Insulin tolerance test
4. Endogenous insulin suppression test
5. The hyperinsulinomic and normoglycemic
„buckle”. It was introduced in 1979. It involves
the measurement of the amount of glucose
needed to maintain stable glucose levels (normoglycemia) in experimental hyperinsulinemia conditions. Due to technical difficulties
this method is only used for research purposes
(1-8).
Perioperative insulin resistance
When discussing the reasons of perioperative
insulin resistance one must go back nearly 100
years to the second half of the nineteenth century. In 1877, Claude Bernard presented the
problem of glucose metabolism disturbances
occurring in case of hemorrhage (20). To this
day, the above-mentioned is one of the best
known reasons for the increase of insulin resistance. Other conditions responsible for the increase include multi-organ injuries and sepsis,
acute liver insufficiency (20-30), and burn
wounds (20-30).
All these studies speak for the metabolic
stress as the cause of insulin resistance. At the

end of the nineties of the twentieth century
Thorell and co-authors (20-27) investigated
patients subject to planned inguinal hernioplasty and laparoscopic cholecystectomies. In
case of the above-mentioned minimally invasive procedures one observed significant postoperative increase in insulin resistance. Patients subject to classical cholecystectomy
comprised yet another group. Significant increase in insulin resistance persisted for at
least 10 days (maximum 20 days). Based on
the above-mentioned investigations one may
conclude that the degree of insulin resistance
depends on the extent of surgery (20-27).
Preoperative fasting is yet another mentioned problem, including short-lasting fasting
connected with anesthesia, and long-lasting
fasting which is connected with the course of
the neoplastic disease. The surgical procedure
and the time thereafter are also considered as
injury type fasting (20-30). Therefore, the following determinants of perioperative insulin
resistance may be presented:
1. The surgical procedure as a controlled
injury
During the operation one may observe an
increased secretion of many pro-inflammatory
cytokines (Il-1, Il-6, TNF-α, CRP protein and
others). In case of Il-1 and Il-6 one may observe
the increased secretion of glucagon and cortisol. TNF-α is an insulin receptor inhibitor,
which inhibits the phosphorylation of the
above-mentioned receptor.
2. Perioperative fasting
In connection with the preoperative fasting
period during surgery, one may observe the
conversion of the carbohydrate metabolism of
exogenous glucose to the metabolism of glycogen stored inside the liver. This phenomenon
is one of many determinants of insulin resistance. Glucagon is mainly responsible for the
above-mentioned under the authorization of
cortisol. One must distinguish three types of
fasting connected with the characteristics of
patients subject to surgery, due to digestive
tract carcinomas.
A – simple fasting before surgery leads to
the reduction of insulin secretion and increase
of glucagon and catecholamine secretion,
which increases glycolysis and proteolysis;
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B – stress fasting is a phenomenon where
in addition to fasting one may observe the
body’s metabolic response to trauma. Increased
liver gluconeogenesis is observed. Substrates
include amino acids derived mainly from muscular proteolysis, lactates and pyruvates, as
well as glycerol derived from lipolysis. The
process is so strong that the supply of intravenous glucose does not suppress gluconeogenesis, and only enhances the effect of insulin
resistance;
C – prolonged fasting- associated with the
debilitating course of the neoplastic disease,
due to catabolism.
Different factors that stimulate one another are required in case of perioperative
insulin resistance. During the surgical procedure one may observe endocrine changes associated with increased secretion of catabolic
hormones (cortisol, catecolamines, glucagon),
and insulin activity weakening. These processes are further intensified by the action of
pro-inflammatory cytokines. Glycogenolysis
and increased liver gluconeogenesis provide
glucose supply to gluco-dependent tissues.
In case of skeletal muscles insulin resistance both inhibits glucose uptake and transport. Paradoxically, it provides continuous de
novo production and storage under the form of
glycogen. Increased lipolysis provides free
fatty acids and glycerol for gluconeogenesis.

The increased level of free fatty acids additionally intensifies insulin resistance. This is connected with the smaller response of liver cells
to the hormone (20-30).
The problem of perioperative insulin resistance and its consequences is still being marginalized in everyday clinical practice. Investigations which were carried out to date have
been mainly focused on the confirmation of its
occurrence. As for attempts to prevent insulin
resistance they only concerned patients undergoing minor surgical procedures. This might
be connected with the determination of insulin
resistance, due to the absence of an easy and
reliable method. Another reason might be connected with the absence of large prospective
studies demonstrating the problem and associated clinical implications. Based on the metaanalyses, glucose control and insulin resistance
prevention might reduce patient mortality by
4-8%, as well as shorten the hospitalization
period (30-35).
However, available studies have examined
different patient groups, both treated surgically and those after myocardial infarction or
trauma. The same situation was observed in
regards to target blood glucose levels, which
ranged between 90-180 mg/dl. The only conclusions drawn concern the issue of maintaining
the glucose level below 150 mg/dl, as well as
rational insulin therapy (30-35).

references
1. Cefaul WT: Insulin resistance: cellular and clinical concepts. Exp Biol Med 2001; 222: 13-26.
2. Dzienis-Strączkowska S, Strączkowski M: Metabolizm i hormonalne mediatory insulinooporności.
Terapia 2002; 5: 1-6.
3. Kinalska I (red.): Patofizjologia i następstwa
kliniczne insulinooporności. Polskie Towarzystwo
Kardiologiczne. Białystok 2004.
4. Patti ME: Gene expression in the pathophysiology of type 2 diabetes mellitus. Curr Diab Rep 2004;
4: 176-81.
5. Schinner S et al.: Molecular mechanisms of insulin resistance. Diab Med 2005; 22: 674-82.
6. Sobotka L i wsp.: Podstawy Żywienia Klinicznego. Wydawnictwo Lekarskie PZWL, Warszawa
2007.
7. Tatoń J, Czech A, Bernas M i wsp.: Diabetologia
Kliniczna. Wydawnictwo Lekarskie PZWL, Warszawa 2008, wyd. 1.
8. Altshuler D, Hirschhorn JN, Klennemark M et
al.: The common PPARgamma Pro12Ala polymor-

phism is associated with decreased risk of type 2
diabetes. Nat Genet 2000; 26: 76-80.
9. Bluher M, Paschke R: Analysis of relationship
between PPAR- g2 gene variants and severe insulin resistance in obese patients with impaired
glucose tolerance. Exp Clin Endocrinol Diabetes
2003; 111: 85-90.
10. Jeffries CA, Hofman PL, Knoblauch H et al.:
Insulin resistance in healthy prepubertal twins. J
Pediatr 2004; 144; 608-13.
11. Goldfine ID et al.: Membrane glycoprotein PC1 and insulin resistance. Med Cell Biochem 1998;
182: 177-84.
12. Withers DJ, White M: Perspective: the insulin
signaling system- a common link in the pathogenesis of type 2 diabetes. Endocrinology 2001; 141:
1917-21.
13. Yen CJ, Beamer BA, Negri C et al.: Molecular
scanning of the human peroxisome proliferator
activated receptor gamma (hPPAR gamma) gene
in diabetic Caucasions: identification of a Pro 12Ala
Unauthenticated
Download Date | 7/4/17 10:15 PM

Problem of the insulin resistance in surgery

PPAR gamma 2 missense mutation. Biochem Biophys Res Commun 1997; 241: 270-74.
14. Koistinen HA, Zierath JR: Regulation of insulin
transport in human skeletal muscle. Ann Med 2002;
34: 410-18.
15. Stumvoll M, Haring H: The preoxisome proliferator- activated receptor gamma 2 Pro12Ala polymorphism. Diabetes 2001; 50: 2341-47.
16. Langfort J, Viese M, Ploug T et al.: Time course of GLUT4 and AMPK protein expression in
human skeletal muscle during one month of physical training. Scand J Med Sci Sports 2003; 13:
169-74.
17. Ljungquist O, Nygren J, Thorell A: Modulation
of postoperative insulin resistance by pre- operative carbohydrate loading. Proc Nutr Soc 2002; 61:
1.
18. Hinton P, Allison SP, Littlejohn S et al.: Insulin
and glucose to reduce catabolic response to injury
in burned patients. Lancet 1971; i, 767-69.
19. Ljungqvist O, Jansson E, Ware J: Effect of food
deprivation on survival after haemorrhage in the
rat. Circulatory Shock 1987; 22: 251-60.
20. Ljungqvist O, Nygren J, Hausel J et al.: A Preoperative nutrition therapy–novel developments.
Scand J Nutrition 2000; 44: 3-7.
21. Ljungqvist O, Nygren J, Thorell A et al.: Preoperative nutrition– elective surgery in the fed or
the overnight fasted state. Clinical Nutrition 2001;
20: Suppl. 1, 167-71.
22. Ljungqvist O, Thorell A, Gutniak M et al.: Glucose infusion instead of preoperative fasting reduces postoperative insulin resistance. J Am College
Surg 1994; 178: 329-36.
23. Lolley DM, Myers WO, Jefferson FR et al.: Clinical experience with preoperative myocardial
nutrition management. J Cardiovasc Surg 1985;
26: 236-43.
24. Nygren J, Soop M, Thorell A et al.: Preoperative oral carbohydrate administration reduces postoperative insulin resistance. Clin Nutrition 1989a;
17: 65-71.
25. Nygren J, Thorell A, Jacobsson H et al.: Preoperative gastric emptying; the effects of anxiety

291

and carbohydrate administration. Ann Surg 1995;
222: 728-34.
26. Nygren J, Thorell A, Soop M et al.: Perioperative insulin and glucose infusion maintains normal
insulin and glucose infusion maintains normal
insulin sensitivity after surgery. Am J Physiology
1998b; 275: E140-E148.
27. Oldfield GS, Commerford PH, Opie LH: Effects
of preoperative glucose-insulin-potassium on myocardial glycogen levels and on complications of
mitral valve replacement. J Thorac Cardiovasc
Surg 1986; 1.
28. Thorell A, Essén P, Andersson B et al.: Postoperative insulin resistance and circulating concentrations of stress hormones and cytokines. Clin
Nutrition 1996; 15: 75-79.
29. Thorell A, Nygren J, Ljungqvist O: Insulin resistance – a marker of surgical stress. Current
Opinion in Clinical Nutrition and Metabolic Care
1999; 2, 69-79.
30.	Kagansky N, Levy S, Knobler H: The role of
hyperglycemia in acute stroke. Arch Neurol 2001;
58: 1209-12.
31. Gore DC, Chinkes D, Heggers J et al.: Association of hyperglycemia with increased mortality
after severe burn injury. J Trauma 2001; 51:
540‑44.
32.	Lin B, Ginsberg MD, Busto R et al.: Hyperglycemia triggers massive neutrophil deposition in
brain following transient ischemia in rats. Neurosci
Lett 2000; 278: 1-4.
33.	Ishihara M, Inoue I, Kawagoe T et al.: Diabetes
mellitus prevents ischemic preconditioning in patients with a first acute anterior wall myocardial
infarction. J Am Coll Cardiol 2001; 38: 1007-11.
34. Jacober SJ, Sowers JR: An update on perioperative management of diabetes. Arch Intern Med
1999; 159: 2405-11.
35. Díaz R, Paolasso EC, Piegas LS on behalf of the
ECLA (Estudios Cardiologicos Latinoamerica)
Collaborative Group: Metabolic modulation of acute myocardial infarction: the ECLA Glucose-insulin-potassium pilot trial. Circulation 1998; 98:
2227-34.

Received: 20.10.2010 r.
Adress correspondence: 15-276 Białystok, ul. M. Skłodowskiej-Curie 24a

Unauthenticated
Download Date | 7/4/17 10:15 PM

