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ABSTRACT
The Glycemic Index (GI) is a rating system that ranks carbohydrate-containing foods according to their postprandial
blood glucose response relative to the same quantity of available carbohydrate of a standard such as white bread or glucose. The concept of GI was first introduced in the early 80’s by Jenkins and coworkers. Since then, numerous trials have
been undertaken, many indicating benefits of a low GI diet on glycemic control, as well as lipid profiles, insulin and
C-peptide levels, inflamatory and thrombolytic factors, endothelial function and regulation of body weight. As a result, a
low-GI diet may prevent or delay the vascular complications of diabetes. However, despite many studies supporting the
benefits of the Glycemic Index as part of the treatment of diabetes mellitus, several areas of controversy have been raised
in the literature and are addressed here. Clinicians treating diabetic patients should be aware of the potential benefits of
low-GI foods in the prevention and treatment of diabetes and its complications.
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Introduction
The dramatic increase in the incidence of type 2 diabetes represents one of the most significant global health
issues of the twenty-first century, and has prompted revisions in the prevention and treatment of this devastating
disease1.
Recommendations for carbohydrate levels in the diet
have see-sawed between the historically high-fat, low-carbohydrate diet2 to a high carbohydrate, low fat3, in
an effort to reduce the incidence of cardiovascular disease. Recommended levels of carbohydrate intake now
seem to have settled in between 45 and 60% of energy depending on individual preference and not unlike the diet
reccommended for the general population4.
Carbohydrate Counting (or Carbohydrate Exchanges)
is a concept that was introduced in the 1950’s in order to
achieve consistent carbohydrate intakes leading presumably to predictable post prandial blood glucose excursions5. In addition the assumption was made that complex carbohydrates cause a smaller rise in blood glucose
concentration than simple, rapidly-absorbable carbohydrates. However, this concept suggests that all complex

carbohydrates in equal portions produce the same effect
on blood glucose concentration. At the same time, it also
assumes that all simple carbohydrates in equal portions
produce the same effect on blood glucose concentration6.
In 1981 this concept was challenged with the introduction of the Glycemic Index (GI)7 which demonstatred
that, despite equicarbohydrate amounts, foods may result in very different postprandial blood glucose repsonses. The GI allow the ranking of carbohydrate-containing foods based on the glycemic response they illicit
when consumed. The GI of a given food is determined by
the blood glucose response relative to a standard food
such as white bread or pure glucose7. As in a standard
oral glucose tolerance test, blood glucose is measured at
regular intervals over a two-hour period following consumption. The glycemic index is calculated as the area
under the glucose curve of the test food, divided by the
area under the glucose curve of the control food, and expressed as a percent7,8. The generally accepted convention is that foods with a GI of 55 or less are considered to
be »low-GI«, foods with a GI between 56 and 69 are con-
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sidered »medium-GI«, and foods with a GI above 70 are
considered »high-GI«. Pure glucose control would have a
GI value of 100, while white bread control is 71 of its
value. Clearly, foods with a lower GI value would be
better choices for patients trying to lower their blood glucose levels.

Mechanisms of High-GI and Low-GI Diets
The metabolic effects of low and high GI diets are
hypothesies to be related to the rate of glucose absorption from the small intestine9. The rapid rate of glucose
absorption after consumption of a high-GI meal causes a
spike in blood glucose concentration. This transient hyperglycemia stimulates the rapid release of insulin from
pancreatic beta cells and simultaneously inhibit secretion of glucagon from pancreatic alpha cells. The rise in
insulin secretion facilitates the uptake of glucose by the
liver, muscle, adipose and other insulin-dependent tissues10, thus quickly lowering blood glucose levels. However, two to four hours after a high-GI meal the high insulin and low glucagon levels result in blood glucose
levels falling below starting levels often into the hypoglycemic range8. In turn, this stimulates a counter-regulatory hormone response to achieve normal glycemic levels and increases glycogenolysis and gluconeogenesis. As
a result, high-GI carbohydrates increase the concentration of free fatty acids8, which causes insulin resistance
and impaired glucose tolerance11 in subsequent meals12.
Furthemore, the hypoglycemia following the consumption of high-GI foods may induce feelings of hunger and
may even preferentially stimulate the consumption of
more high-GI foods, thus perpetuating the vicious cycle8.
In contrast, hypoglycemia does not occur during the
postprandial period after consumption of low-GI carbohydrates due to a slower and more gradual absorption of
glucose from the gastrointestinal tract. Consequently,
there is less stimulus for insulin release, lower levels of
free fatty acid and an increase in insulin sensitivity9. The
effects of ingesting a low GI meal may therefore impact
the metabolic response to the next meal13. The mechanisms for this »second-meal effect« are likely mediated
by slower rates of absorption and digestion, which result
in a delayed period of fasting between meals. The ingestion of a low-GI food at bedtime has been shown to suppress both nocturnal free fatty acid levels and postprandial glucose levels at breakfast, possibly due to reduced
nocturnal lipolysis14. A low-GI food taken in the evening
can also prevent nocturnal hypoglycemia in patients
with insulin-dependent diabetes mellitus15.
More recently, reduced oxidative stress has been proposed as an additional mechanism by which low-GI foods
attenuate insulin sensitivity and blood glucose levels16.
Oxidative stress is defined as a disturbance in the balance between the production of free oxygen radicals and
antioxidant capacity. Diabetes per se is associated with
increased oxidative stress17 which appears to have a major role in the micro- and macro-angiopathic complications of diabetes18. It has been demonstrated that low-GI
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foods can decrease oxidative stress by increasing the total antioxidant capacity16 as well as reducing the concentration of lipid peroxidation markers19.
The mechanisms of how the Glycemic Index affects
glucose absorption and metabolism are are thus beginning to be understood, but ongoing investigation is
needed.

Controversies and the Glycemic Index
Some investigators have criticized the usefulness of
the Glycemic Index in the context of a mixed meal. It has
been argued that the GI of each component of a meal
cannot be used to predict the glycemic response to a
mixed meal20. Indeed, there are discrepancies within the
literature about determining the GI of a composite meal20;
these have since been attributed, however, to methodological differences in calculating the area under the
glycemic response curve (e.g. whether or not the area under the baseline is included in the calcualtion of the incremental area), blood sampling (arterial vs. venous blood)
and the duration of time between the meal and the last
glycemic measurement. When using a consistent methodology, it has been shown that the GI of a mixed meal
can be accurately predicted by calculating the mean GI
value of each component divided by its carbohydrate
content21.
In addition to the methodology involved in determining the composite GI of a meal, it has been well-established that many factors (including gastrointestinal motility, cooking methods, and the presence of other nutrients) can also influence the postprandial glucose response9,22. Extrinsic factors, such as the methods of treating, storing and cooking carbohydrate-containing foods,
can affect the particle size and the integrity of the starch
granules23 and plant cell walls24, making the carbohydrate portion more accessible to digestive enzymes25 which
would effectively raise the GI value of the food.
Furthermore, the presence of other macronutrients
can influence the glycemic response. The potential effects of protein and fat on the glycemic response to a
given carbohydrate food may be explained by increased
insulin secretion26 and a delayed effect on gastric emptying27, respectively. Proteins typically induce a greater
degree of insulin secretion from pancreatic beta cells
compared with carbohydrates, despite an unchanged or
even lower blood glucose concentration28. Dietary fats reduce the rate of gastric emptying, which consequently
slows down the absorption of carbohydrates28. As a result, many investigators have expressed concern about
the influence of dietary fats and proteins, as well as interactions with other macronutrients such as fiber, on
glycemic response28.
These concerns are supported by at least one study,
which showed that the GI of mixed meals calculated from
table values did not predict the measured GI. The authors found that the GI of mixed meals was more strongly correlated with either fat, protein or energy content
than with carbohydrate content alone29. However, in
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studies in which 8–24 g fat was added to mixed meals
containing 38–104 g carbohydrate, the added fat had little effect on predicted glycemic response30. This discrepancy may again be the result of methodological differences, but more study is needed in this area.
There are also concerns about the apparent variability in the GI for some foods31, and it has been suggested
that differences in GI values of similar foods reported by
different investigators could be due to real differences in
starch structure or digestibility, variation in methodology, or the effects of random variation. In a more recent,
multicenter study involving 7 different centers from
around the world, in which the GI values of four centrally-provided foods (instant potatoes, rice, spaghetti
and barley) were measured, the GI values of the foods did
not vary significantly among the different sites32. Demonstrating that consistent results are achieved when the
foods are the same. On the other hand, addition of some
whole grains, like Salvia hyspanica L., can decrease postprandial glycemia of tested food33.
The Glycemic Index is therefore a source of several
areas of controversy, and is not without its critics. Some
investigators contend that the GI is highly variable, not
physiological, and difficult to learn and follow28,34. On the
other hand, Jennie Brand Miller’s study in type 1 children demonstrating that low GI diets were easy to follow
and effective35.
Despite the critisisms and controversies which will
probably continue for some time to come, the GI concept
has been accepted by many diabetes associations around
the world 26–38 as being useful, and an integral part of the
dietary treatment of diabetes.

Glycemic Index and Type 2 Diabetes
Mellitus
The results of some epidemiological studies suggest
that long-term consumption of low-GI carbohydrates could
reduce the risk of type 2 diabetes39, while other prospective studies showed that a high-GI diet can increase the
risk of type 2 diabetes by 37%40. However, some other
studies have shown that Glycemic Index was also not significantly associated with the incidence of diabetes41.
There are numerous mechanisms of glucose metabolism that may explain the possible link between high-GI
diets and the increased risk of diabetes. High-GI diets
may promote weight gain42, which can lead to insulin resistance. In addition, high-GI diets can stimulate insulin
secretion, which can contribute to pancreatic b-cell dysfunction43 and the down-regulation of insulin receptors
and so further increase in insulin resistance44. The Insulin Resistance Atherosclerosis Study was the first study
to compare the effect of high-GI and low-GI diets on insulin sensitivity. However, no relation between GI and insulin sensitivity was found45,46. A large observational
study also failed to find an association between GI and
insulin resistance47.

Glycemic Index and Glycemic Control
Studies on GI have focused mainly on its ability to improve glycemic profiles. Mechanisms by which the GI affect fasting plasma glucose levels are still largely unknown; however, some theories have been hypothesized
as previously described above. Fasting and postprandial
blood glucose, as well as glycated hemoglobin, are considered the most important parameters of glycemic control,
and the role of the Glycemic Index will be discussed with
respect to each.

Glycemic Index and Fasting Blood Glucose
Several randomized controlled trials have demonstrated the strong correlation between GI and fasting blood
glucose in patients with diabetes, including one study in
which blood glucose increased from 9.4 to 9.8 mmol/L
among diabetic patients eating a high-GI diet, and decreased from 10.1 to 9.2 mmol/L among those eating a
low-GI diet during the study period of four weeks48. Another study showed a 30% reduction in fasting blood glucose with a low-GI diet compared to 8% for the high-GI
diet after two weeks23. This reduction has been shown to
be even greater when a low-GI diet was consumed by diabetic patients for twelve weeks in combination with dietary education about GI6. Similar results were found by
David Jenkins and his group49.
There is thus a large amount of data in support of the
ability of a low-GI diet to significantly reduce fasting
blood glucose. Potential areas of criticism for these studies include their short-term nature and lack of possible
mechanisms of action.

Glycemic Index and Postprandial Blood
Glucose
Results of numerous studies have confirmed the beneficial effect of a low-GI diet on postprandial glycemia23,48,50,51,
and there is consensus that a low-GI diet can reduce both
blood glucose and insulin by 30% compared to a high-GI
diet48. A study by Wolever and collegues found that a significant reduction in postprandial blood glucose was sustained after one year52. Other studies, however, have
failed to find a difference in postprandial blood glucose20,
while some investigators have suggested that much better improvements in glucose and lipid metabolism can
be achieved by modest weight reduction in patients with
type 2 diabetes53.
Several studies have demonstrated decreased microvascular complications with improved glycemic control54,55.
Measures which improve glycemic control, including low
GI diets, may therefore be helpful in the prevention of
complications associated with diabetes. Conversely, numerous studies have demonstrated that acute glucose peaks
sucha as those associated with high-GI foods may contribute to the development of diabetic complications56,57.
The oxidative stress caused by acute postprandial hyperglycemia also contributes to macrovascular damage
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through oxidation of low-density lipoprotein (LDL), endothelial dysfunction and other pro-atherogenic mechanisms57. It is thus apparent that postprandial hyperglycemia is an important risk factor for cardiovascular
morbidity and mortality58,59.

Glycemic Index and HbA1c
Numerous clinical trials have investigated the relationship between the Glycemic Index and glycated hemoglobin (HbA1c) in patients with type 1 and type 2 diabetes. Low-GI diets have been shown to reduce the
level of HbA1c by absolute amounts varying from 3%60 to
19%25,49,61 in clinical trials, which have been supported by
cross-sectional trials as well62. This improvement in
HbA1c may be due to an incremental reduction of glycemic responses as a result of consuming a low-GI diet,
which has been shown to significantly reduce blood glucose and fructosamine (a related marker of glycemic control) after only two weeks, relative to a high-GI diet63. A
null effect of a low-GI diet on HbA1c, however, has been
reported in some longer-term studies of three months64
and six months50. Similar conclusions were made in the
Canadian Trial of Carbohydrates in Diabetes in which
patients with type 2 diabetes were treated with a low-GI
diet alone52, although this may have been the result of
the very low starting HbA1c levels of 6.1%, this study did
demonstrate long-term reductions in postprandial blood
glucose and C-reactive protein (CRP). Another study
which followed 102 subjects with type 2 diabetes for 6
months demonstrated that reductions in A1c levels were
maintained49. Despite different results there is nevertheless compelling evidence for the use of a low-GI diet in
the dietary management of diabetes, and recommendations for its use have been made by numerous diabetes
associations.

Glycemic Index and the Risk of Diabetic
Complications
The increased risk of microvascular and macrovascular complications in patients with diabetes is well
established54,55. Many trials have suggested that a low-GI
diet can improve glycemic control65. Better glycemic control, futhermore, have influence on prevention or postponing the development of diabetic complications.
In a meta-analysis of 37 prospective observational
studies, a high-GI diet was shown to be an independent
risk factor for coronary heart disease (CHD)39. Possible
beneficial effects of a low-GI diet in the prevention of
CHD could be explained by improvements in blood glucose and insulin levels25. This is significant in that postprandial blood glucose appears to be a strong predictor of
cardiovascular disease58,66,67, and hyperinsulinemia is a
well-known independent risk factor for CHD68.
In addition, a low-GI diet has been shown to improve
the lipid profile63,69. In a meta-analysis of 11 studies, low-
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ering the composite dietary GI by at least 12 points was
shown to reduce triglycerides by an average of 9%70,
while another study found that a high-carbohydrate,
low-GI diet increased the level of high-density lipoprotein by 5.4% relative to an isocaloric high-GI diet71. Possible mechanisms for the influence of a low-GI diet on
lipid profile could be a reduction in the amount of insulin-stimulating HMG-CoA reductase activity, impairment
of cholesterol reabsorption from the ileum as a result of
high fibre content in low-GI foods, or inhibition of cholesterol synthesis in the liver by the short-chain fatty acid
propionate, a product of colonic fermentation25.
A low-GI diet may also have affect other cardiovascular markers, including CRP, thrombolytic factors and endothelial function, which could further reduce the risk
for diabetic complications. Several studies have found a
positive correlation between GI and CRP52,72 as well as
plasminogen activator inhibitor 1 (PAI-1), suggesting
that a low-GI diet may reduce the level of low-grade inflammation and coagulation, respectively. There is also
evidence that hyperglycemia and hyperinsulinemia can
lead to impaired fibrinolysis and thrombosis as well,
which would further increase the risk of CHD73. A high-GI diet has also been shown to affect endothelial function through the increased production of oxygen free radicals, as a result of hyperglycemia74, as well as a reduction
in flow-mediated dilation (FMD)75.
In summary, there is support in the literature for the
mechanisms by which a low-GI diet may prevent or delay
the development of diabetes and its complications.

Recommendations
In the Nutrition Recommendations and Interventions
for Diabetes 2008, a position statement by the American
Diabetes Association, it is suggested that low-GI foods
that are rich in fiber and other important nutrients
should to be encouraged in the prevention and nutritional therapy of diabetes36. The Joint Food and Agriculture Organization/World Health Organization Expert
Consultation on Carbohydrates, the European Association for the Study of Diabetes, Canadian Diabetes Association, Diabetes UK and Diabetes Australia also encourage the use of the Glycemic Index in the prevention and
treatment of diabetes36–38,51,76.

Conclusions
Despite the controversy within the literature, there is
substantial evidence that a low-GI diet can improve
glycemic control in patients with diabetes. Further investigation is needed, however, to continue to support
the use of the Glycemic Index in the prevention and
treatment of diabetes and its complications health care
professionals treating patients with diabetes should be
aware of the beneficial effects of a low-GI diet.
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GLIKEMI^KI INDEKS U [E]ERNOJ BOLESTI

SA@ETAK
Glikemi~ki indeks (GI) je sustav rangiranja ugljikohidratnih namirnica prema njihovom postprandijalnom odgovoru. Koncept GI je prvi put predstavljen u ranim ´80-tim godinama od strane prof. Jenkinsa i suradnika. Od tada su
provedene brojne studije, koje govore u prilog u~inkovitosti dijete niskog GI na regulaciju glikemije, na lipidni profil,
serumske koncentracije inzulina i C-peptida, tromboliti~ke ~imbenike, funkciju endotela i regulaciju tjelesne te`ine.
Prema podacima iz literature ~ini se da dijeta niskog GI mo`e djelomi~no sprije~iti ili odgoditi vaskularne komplikacije
{e}erne bolesti. U literaturi postoje i kontradiktorni rezultati {to je u ovom osvrtu i navedeno. Ipak, klini~ari koji
sudjeluju u lije~enju bolesnika sa {e}ernom bole{}u trebali bi biti svjesni mogu}e koristi dijete niskog GI u prevenciji i
lije~enju {e}erne bolesti i njenih komplikacija.
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