Critically discuss the effect of glycaemic index on blood glucose levels

The Glycaemic Index (GI) as proposed by Jenkins et al (1981) has found widespread use by dieticians in the management of metabolic diseases such as diabetes (Wolever, 1991) and obesity (Brand-Miller, 2002, Hare-Brunn, 2006). More recently it has become popular for mainstream nutritional advice related to healthy living and to appear as a category on food labels (Mitchell, 2008). Its importance is in the potential to predict glycaemic response to eating a carbohydrate based food. This is useful because high blood glucose has been linked to the development of chronic disease such as diabetes (Hodge, 2004), cardiovascular disease (Leeds, 2002), stroke (Oh, 2005) and some cancers (Gnagnarella, 2008). 

Blood glucose homeostasis (3.6 to 5.8 mmol) is maintained by the interactions of the hormones, insulin, glucagon and somatostatin secreted respectively by the β, ά. and δ cells of the Islets of Langerhans in the pancreas. After a meal containing carbohydrates hydrolytic enzymes in the mouth and small intestine break down the glycosidic linkages leaving the component monosaccharides; glucose, fructose and galactose to be absorbed into the blood (GLUT 2 & GLUT 4 - transmembrane carrier proteins) and subsequently transported via the portal vein to the liver. Once in the liver, glucose passes relatively untouched into the peripheral circulation whilst galactose and fructose are converted by hepatocytes into intermediates of the glycolytic pathway. The rise in blood glucose, beyond 5 mmol stimulates the secretion of insulin resulting in the uptake of glucose into muscle cells and adipocytes (GLUT 4). Therefore at any given time blood glucose concentration (glycaemia) is the product of the glucose being released into the peripheral circulation and that being taken up by skeletal muscle and adipose tissue under the influence of insulin (Schenk, 2003). 

To calculate the GI Jenkins (1981) measured the area under the blood glucose curve over a period of two hours, and compared, as a percentage the glycaemic response of a food to that of the same amount of glucose (50g). Using this methodology Jenkins and others have calculated the GI for various foods (Foster-Powell, 2002) which have become reference values for the prescription of diets. Unfortunately, even as Jenkins reported in the original 1981 study the relationship between GI and blood glucose is not simple and that this methodology may not be reliable or consistent.
Before even considering the inequalities in the physiological responses to eating a food Pi-Sunyer (2002) questioned the use of a 2 hours measuring period. Groups such as those with diabetes and meals containing high dietary fibre, fat and protein have a longer than 2 hour blood glucose effect (Wolever, 1991). Others, (Pi-Sunyer,2002, Schenk, 2003) questioned why the whole of the blood glucose curve was not used. Jackson (1983) expressed concern in the use (for expedience!) of whole capillary blood, as this would significantly overestimate glucose in the plasma and in venous blood. Wolever, (1988) agreed, adding that the difference between capillary and venous blood glucose concentrations will differ with different foods.
Although the methodological inconsistencies are a cause for concern they could be rationalised and consensus reached (Brouns, 2005). Of greater ambiguity is the accuracy to which GI is a true and consistent measure of glycaemia. Wolever (1991) based on research by Coulston, Hollenbeck and Reaven, (1984 & 1986), suggested that for the GI to be useful it must be;

(1) predictable and consistent across space and time

(2) applicable for individuals subjects

(3) applicable for mixed meals

(4) demonstrate significant therapeutic improvements with practical dietary changes

Pi-Sunyer (2002) indicated that time of day, ripeness of fruit, physical forms of food, type of food, processing, chemical modification, heat moisture, cooking methods, preparation, acidity are all factors influencing the glycaemic response. Wolever (1991) added that the nature of the meal is an issue when considering diets containing different carbohydrates and multiple food groups. Fibre (Schulze, 2004), fats and protein (Wolever, 1991) slow transit of food through the intestine, reduce the carbohydrate absorption rate (Normand, 2001) and thereby reducing peak blood glucose (Holt, 1997). The subsequent reduced insulin response may also be an important factor in the long term management of chronic disease (Holt, 1997).
Although these issues may question the usefulness of the GI Wolever (1991) established that although the exact magnitude of the glycaemic response may vary the relative GI is consistent. This means that a high GI food will generally produce a higher blood glucose response than a low GI food allowing people to effectively differentiate between high and low GI foods within their diet.
The issue of meal volume and multiple carbohydrates also affects the efficacy of the GI. Barclay (2008) reviews the potential of using the glycaemic load (GL), which is a construct of GI multiplied by the proportion of carbohydrates in that food, to reduce these concerns. However, the relationship between carbohydrate and GI is quadratic (Jenkins, 1981) which will result in an overestimation of blood glucose when GI is used to calculate GL (Monro, 2008). Though if this volume effect is consistent as is demonstrated by Jenkins (1981) is consistent then it will only affect the ability to predict absolute blood glucose, not he relative glycaemic response. 
Maybe the biggest issue for the GI is that ‘real’ meals also contain fibre, fat and protein, which as previously mentioned slows food transit. Additionally, high protein and fat meals are known to have an insulemic effect (Pi-Sunyer, 2002) which will accelerate the uptake of glucose by the muscle and adipose tissues. Both these actions will reduce the area under the blood glucose curve (Holt, 1997) but neither effect is considered by GI or GL. To include the effects of mixed meals Moro and Shaw (2008) introduce the concept of Glycaemic Glucose Equivalent (GGE) which is a direct measure of the glycaemic response of the whole food as compared to that of an equivalent response from glucose. This measure may provide useful information about a food but is highly specific to that food and as such all foods and combinations of foods would have to be measured.
The evidence supports the contention that GI has a role to play in the management of hyperglycaemia and the subsequent reduction of chronic disease. The criteria for its usefulness as outline by Wolever (1991) are met as the relative glycaemic response of foods are consistent, though not necessary accurate. Secondly the GI applies well to an individual, though more ambiguous when comparing between people. Thirdly, although mixed meals affect the shape of the blood glucose curve this is consistent. Finally, as consistently reported in the literature, diets containing low GI foods result in lower incidence of chronic disease and therefore by effect have efficacy.
The usefulness of the glycaemic index lies in the ability to identify foods which have a relatively lower glycaemic response than that other foods rather than its ability to predict absolute blood glucose concentrations. The use of related concepts such as glycaemic load and glycaemic glucose equivalent do manage some of the concerns raised regarding glycaemic index but probably offer little useful additional insight for the general population.
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