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Abstract

This comparative study was conducted in two parts.

Part 1
Objectives
) To compare the mean Gl-values of two foods, i.e. Muesli (M) and Apple juice (A) from a mixed

group of subjects (healthy, type 1 and type 2 diabetic), using the Medisense Precision QID
Glucometre (MPQIDG) extra-laboratory (EL) to the mean Gl-values of the same two foods
from a group of healthy subjects intra-laboratory (IL), using laboratory equipment (YSI
Analyser or YSI) and the MPQIDG, and determine whether the former method is an acceptable
alternative for the latter.

) To compare the Area under the curve (AUC), their means and Gl values of each healthy subject,
using the YSI and MPQIDG (IL).

Subjects and Methodology

A group of 12 trained subjects, aged 29-54 years (41+7), BMI 18-30 kg/m? (24+4), were tested IL (Group
1) under well-controlled conditions, as recommended by the FAO/WHO (1998).®) M and A were each
tested once and the reference food (glucose) was tested on 3 occasions, using the MPQIDG and the YSI.
Capillary blood glucose was measured fasting and every 15min for 2h, after the glucose/test food was
consumed (diabetic subjects measured blood glucose concentrations over 3h).

Mean Gl-values of M and A, obtained IL by Group 1 were compared to the mean Gl-values of M,
obtained EL by a mixed group of subjects (Group 3), and of A, obtained EL by another mixed group of
subjects (Group 4), and the mean Gl-values of M and A, obtained EL by the group of 12 healthy subjects
(Group 2), using ANOVA. The AUC and GI values of each healthy subject of Group 1 were compared
using Pearson’s correlation coefficient (r). Lin’s concordance correlation coefficient (r)) was used for
testing agreement (4). Statistical significance was set at p=0.05.

Results
The mean Gl-values of M and A, as determined by Groups 1, 2, 3 and 4 (using ANOVA) did not differ
significantly for M (p=0.2897) and A (p=0.8454).

Pearson’s correlation coefficient (r) was acceptable and significant for the AUC-values of Glucose 1
(r=0.7; p=0.0081), good and significant for the Gl-value of A (r=0.8; p=0.0043) and very good and
highly significant for the AUC-values of Glucose 2 (r=0.9; p<0.0001), Glucose 3 (r=0.9; p<0.0001), M
(r=0.9; p<0.0001) and A (r=0.9; p<0.0001) and the Gl-value of M (r=0.9;p=0.0003), respectively, after
removal of outliers. The mean AUCwpqinc Of all the foods tended to be higher than the mean AUCys,
after removal of outliers, but this was not significant (p=0.69301; p=0.20838; p=0.43311; p=0.32926; p=
0.49199 for Glucose 1, 2, 3 M and A, respectively).

Lin’s concordance correlation coefficient [which tests reproducibility/agreement (r.)] was acceptable
for the AUC-value of Glucose 1 (r.=0.7) and the Gl-value of A (r.=0.7), good for the AUC-value of
Glucose 2 (r.=0.8) and very good for the AUC-value of Glucose 3 (r.=0.9), M (r.=0.9) and A (r.=0.9)
and the Gl-value of M (r.=0.9), respectively, after removal of outliers.

Vi
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Part 2
Objective

To compare the Gl-values from a mixed group of subjects using the MPQIDG, EL with Gl-values from a
group of healthy subjects IL, using laboratory equipment laboratories A-E who took part in an inter-
laboratory study® and determine whether the former method is an acceptable alternative for the latter.

Subjects and methodology

A mixed group of 10 trained subjects (5 male: 2 diabetic and 3 healthy; 5 female: 3 diabetic and 2
healthy) were tested EL under well-controlled conditions, as recommended by the FAO/WHO (1998)®
The test foods were White bread, Barley, Rice, Instant potato and Spaghetti (reference food: glucose).
Capillary blood glucose concentrations were measured fasting and every 15min after the glucose/test food
was consumed for 2h (healthy subjects) and 3h (diabetics), using the MPQIDG. Mean Gl-values were
compared to the weighted mean Gl-values of the 5 laboratories (laboratories A-E), using the analysis of
variance (paired t-test). The standard error (SE), confidence interval (Cl) width and mean Gl-values of
each of the laboratories for each of the five foods were compared to the weighted means of the rest of the
laboratories, for these parameters. The mean Gl-values were also compared using ANOVA.

Results

The Gl-values of all five foods for each laboratory were compared to the weighted means of the rest of
the laboratories (including EL). There was no significant difference for laboratories A and B. There were
significant differences (p<0.05) for one of the foods for laboratories D, E and EL and three of the foods
for laboratory C, respectively. The results of the ANOVA test for variance confirmed these findings.

Conclusion
Using a mixed group of subjects and the MPQIDG to conduct Gl-tests EL seems to be an acceptable
alternative to using a conventional group of subjects and laboratory equipment, IL.

Key words
G| methodology, Glycemic Index, Gl-values.
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1. BACKGROUND TO THE STUDY
11 The Glycemic Index and its use

The Glycemic Index (GI) is a classification of the blood glucose raising ability of carbohydrate (CHO)
rich foods. It is defined as the area under the blood glucose response curve (AUC) elicited by a 50 grams
(g) available/glycemic CHO portion of a food in a specific subject, expressed as a percentage of the mean
AUC after consumption of 50g CHO from a standard/reference food, tested by the same subject on three
different occasions."*”

During the 70’s it was shown by researchers that not all CHO foods have the same effect on blood
glucose levels “ and after the introduction of the GI as a method of classifying CHO according to their
glycemic response "V, it was noted that the observed glycemic response after consumption of a food
becomes lower as the GI of that food product lowers.”

The positive effects of low GI diets have been reported in 15 studies from all over the world, such as the
UK, Sweden, France, Canada and Australia  and cannot be ignored. Evidence from prospective or
epidemiological studies, based on prospective cohorts, have shown that low GI diets are associated with
reduced diabetes risk in men and women ®, reduced cardiovascular disease (CVD) risk © and reduced
cancer risk."” In short-term intervention studies or clinical trials in humans, low GI diets have been
shown to cause a statistically significant (p<0.05) improvement in glycemic control over 12 weeks in type
2 diabetic subjects " and an improvement in lipid and glucose metabolism over 3—6 week periods in type
1 diabetic subjects [reported by Fontvielle et al (1988) and Collier et al (1988)], as measured by glycated
albumin or hemoglobin (HbAlc) *'"; a significant reduction in total and LDL (low-density lipoprotein)-
cholesterol and triglyceride (TG) levels over one month in hyperlipidemic subjects "'?; a significantly
(p<0.001) lower HOMA index (a measure of insulin sensitivity) in middle-aged men with one or more
cardiac risk factors over 24 weeks (when compared to a high GI diet) *; and reduced body weight and
food intake, as well as a greater fall in insulin resistance, which could only be attributed to weight loss.""?
A short-term (9 weeks) intervention study in animals has also shown better glycemic and insulinemic
control, higher plasma adiponectin (a newly identified risk factor for type 2 diabetes) and lower TG
concentrations, less disruption of beta-cell architecture and significantly less body fat (p=0.015) and more
lean body mass (p=0.12) in young growing rats on a low GI rather than a high GI diet."” This was
confirmed in a long-term (32 weeks) intervention study by Pawlak et al (2000) on young adult rats, in
which those placed on a low GI diet had a 16% lower weight and significantly lower fat mass (p<0.05)
than those placed on a high GI diet."® The GI also has relevance for sports performance, where lower GI
CHO foods are the preferred choice before prolonged exercise, whereas higher GI foods and drinks are
considered beneficial during prolonged exercise ”; as well as after exercise '®); appetite control through
higher satiety “**” and memory, as found by Benton et al (2003).?" Liu et al (2000) found that
classifying CHO according to GI was a better predictor of CVD risk than classifying them as either
simple or complex.®

These findings prompted the Joint FAO/WHO Expert Consultation Group on carbohydrates in Human
Nutrition (1998) to recommend the consumption of a high CHO diet [that is (i.e.) >55% of total energy],
most of which should come from low GI foods and that foods can be ranked as low, medium or high GI
@ confirming the recommendation made by Jenkins and co-workers in 1981." The European
Association for the Study of Diabetes, the Canadian Diabetes Association and the Dieticians Association
of Australia have all recommended high fibre, low GI foods for individuals with diabetes as a means of
improving postprandial glycemic and weight control®® and in countries like France, Sweden, Canada,
Australia and South Africa (SA), the GI concept has been incorporated into the dietary guidelines given
by health professionals.*"
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1.2 Substantiation of the research

In the past it was assumed that complex CHO (containing mainly polysaccharides or starches) had a
smaller effect on blood glucose levels than simple CHO (containing mainly mono-, di- and oligo-
saccharides), which was assumed to have a major effect on blood glucose levels. It was also believed that
the former contained significant amounts of other nutrients, including fibre, whereas the latter were
generally not nutrient-rich, but mainly sources of “empty calories”. However, this was a major
oversimplification of CHO, and their effect on blood glucose levels, was inaccurate 23 and was mainly
based upon an experiment done by Frederick N. Allen (1910), when starch or sucrose was given to totally
pancreatectomized diabetic dogs. The dogs’ blood glucose levels only rose after the ingestion of sucrose,
because the animals were lacking the exocrine pancreas and were therefore unable to absorb significant
amounts of the CHO from starch.*"

CHO sources that elicit a low glycemic response generally have a low GI and are not the same as foods
that are high in complex CHO and fibre, and those that elicit a high glycemic response are generally high
GI and not necessarily high in simple sugars. The foods that produce the highest glycemic responses
include many of the starchy foods consumed in the typical western diet, including refined bread, highly
processed breakfast cereals and potatoes, whether these foods are high or low in fibre.** The human diet
contains many different types of CHO, which are all digested and absorbed at different rates and to
different extents “** and therefore it is not merely the amount of CHO that determines glycemic
response, but more so the rate of CHO digestion and absorption.”” Crapo et al (1977) went one step
further, claiming that it was mainly the absorption, and not so much intraluminal digestion, that was the
rate-limiting step in over-all assimilation, especially of starch.””’ There are many factors that influence the
effect that different CHO foods have on blood glucose levels and not merely the presence of sugar (refer
to 2.4.3). It was found that the GI values of foods containing naturally occurring sugars were not
significantly different from those of foods containing added sugars and that there was no significant
difference between blood glucose responses to sugar containing vs. sugar free confectionery.?” The
fasting blood glucose (FBG) and insulin levels of healthy men and women were also not affected by the
consumption of 50~107g sucrose per day, for a period of one to two weeks.®

Jenkins et al (1987) showed that there was no significant difference in the glycemic response curves and
GI values of maltodextrin, a cornstarch hydrolysate consisting of 22 glucose units (GI=109+11) and corn
syrup, which contains polymers of six glucose units (GI=113+7). Classification of foods as simple or
complex CHO does, therefore, not appear to be physiologically useful and should no longer be used to
indicate differences between the rate of digestion, absorption and glycemic responses of sugars and
starches. Although many factors play a role in determining the glycemic response of CHO foods, the
degree of complexity in terms of polymeric chain length did not appear to be one of them.*”

As gastrointestinal digestive and absorptive processes do not seem to treat all starches identically,
grouping all complex CHO together may cause confusion in the evaluation of epidemiologic and other
study findings and may also contribute to less effective and less precise diet therapy.®” Seeing that it has
also become clear during the 20" century that different foods that contain the same amount of CHO have
different effects on blood glucose and insulin responses ¥, the CHO exchange lists, that have been used
to plan diabetic diets for more than 30 years (y), may not be sufficient anymore for this purpose, as they
do not reflect the physiological effect that the same amount of different CHO sources have on blood
glucose levels."

Another system is therefore needed to classify CHO rich foods instead of using the terms simple and
complex CHO, which has become obsolete and should not be used anymore.**? Jenkins et al (1981)
proposed a classification of CHO rich foods based on the effect of specific foods on blood glucose levels,
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in comparison to a standard food. This is called the glycemic index (GI)'" and was also recommended as
a useful indicator of the impact that different foods have on blood glucose levels and to be used to
compare foods of similar composition within food groups.*’

GI values are now available for a substantial number of CHO foods.?**” Including the GI in food
labeling may eliminate problems with understanding of the terms “complex and simple CHO”. However,
to implement a well-balanced low GI diet, a much wider range of low GI products will have to be
available, particularly for breakfast cereals and breads “*, which constitutes 50% of the CHO of the
typical western diet ® and currently few low GI breads, muffins, scones and breakfast cereals are
available on the market.®® A challenge to the food industries, therefore, exists to develop new and
palatable low GI foods that also have to be tested for their GI ¥, as many people see low GI foods as
less acceptable, e.g. legumes and heavy breads. This will give food companies a new marketing edge with
long-term benefits to public health.®>

Only foods and beverages that are rich in CHO should be labeled, as labeling low CHO foods for GI is
not meaningful. It was suggested that only foods containing 10g CHO per 100g of food or those that
supply 40-50% of energy from CHO, should be labeled.” However, according to the draft SA
regulations, only food products with a CHO content of 40% or more of total kilojoules (kJ) and that do
not comprise more than 42% of total kJ as protein and/or 30% as fat, will be allowed to be labelled in
categories of low, intermediate or high GI. Said regulations will only allow labelling of a product with the
words “legal/suitable for diabetics”, if the product is indeed low GI and has a reduced fat content as well.
The claim “sugar free” or “contains no added sugar/sucrose” will not be allowed if the product contains
any high GI sweeteners, e.g. maltodextrin, and there will be a compulsory listing of the GI range on food
products that bear these claims.®"

However, the GI values of many SA foods have not been determined yet and conducting GI testing in a
laboratory set-up, when the GI values of many foods have to be determined, is very expensive and time
consuming, which could be regarded as impractical for the food industries and the clinical world, as well
as inconvenient for test subjects. For many years both healthy and diabetic subjects have been used as test
subjects in GI tests “**” The glycemic response to different CHO foods are similar in healthy and
diabetic subjects @ and there seems to be no significant difference between GI values obtained using
healthy versus (vs.) diabetic subjects.~'***** However, diabetic and healthy subjects are not usually used
in the same GI test teams, but rather either healthy or diabetic subjects are used.?**"

Glucose metres (glucometres) have begun to be used to measure glycemic responses and GI values of
foods, as they are inexpensive, convenient to use, require little training and yield quick results. The One
Touch Ultra (OTU) glucometre was recently evaluated against a reference technique or gold standard
[Yellow Springs Instruments Analyzer (YSI)], by comparing the AUC and GI values of seven potato
meals in healthy subjects. The OTU showed more variation and did not agree well with the values
obtained using the YSI. The OTU was therefore not recommended for determining AUC or GI values in
healthy subjects. The researchers, however, concluded that this did not necessarily apply to other
glucometres and recommended that the performance of these meters should be evaluated.®¥

The Medisense Precision QID glucometre (MPQIDG) has been found in an independent head to head
comparison conducted by the International Diabetes Institute (Melbourne, Australia) on many
glucometres, to show the smallest difference from the reference method (YSI) across a whole range of
mean glucose levels.®” The coefficient of variation (CV) of the new test strip of the MPQIDG ranged
from 2.1-5.6% over a range of blood glucose readings from 2.2-26mmol/L for 80 replicate tests across
four lot numbers, and fell mostly within the recommended level of 3-5%, with the only value above 5%
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being that for very low blood glucose readings.®® Ideally, methods with a CV<3% should be used for
scientific purposes ?", such as the YSL.®”

In the light of the new SA draft regulations ", many food companies need to have the GI values of their
foods determined and the number is likely to increase once the draft legislation is accepted and legislated.
This task will be simplified if the MPQIDG can be used Extra-laboratory (EL) to conduct reliable GI
tests, instead of having to conduct all GI tests IL (Intra-laboratory), using expensive equipment, since it
will yield GI values at a more affordable price and at a faster pace. It could even mean more accurate
results, due to the fact that subjects eat the test food and take their blood glucose readings in their natural
surroundings, without added stress that may affect GI results ¥, which could be experienced when GI
tests are conducted IL.

1.3 Investigation

The need has therefore been identified to compare the outcome of GI tests done by a mixed group of
subjects (i.e. healthy and diabetic subjects) by using the MPQIDG (EL), with the results of GI tests done
IL by a specific group of subjects (e.g. healthy or diabetic subjects), using a laboratory instrument (e.g.
the YSI), to see whether the former method is as an acceptable alternative for the latter method in
determining reliable GI values of foods. This will be much more cost effective, less invasive and time
consuming for test subjects and will cause the GI values of more foods to be able to be determined more
quickly and labeled as such, which will benefit the public in the end.

This study also wished to make a contribution in finding ways to reduce within-subject variation in
glycemic responses, as an inter-laboratory study ©” found that between-laboratory variation in GI could
be attributed mainly to day-to-day variation of glycemic responses within subjects. In the standardization
of the protocol, the following testing activities would be controlled:

. standardized techniques, i.e. training of subjects in using the MPQIDG, lancet and test strips,

. subject involvement by having them choose a standard meal @" the night before all GI tests
were conducted, consuming it before 20h00 on the night before testing and

. lifestyle-confounding factors. Subjects would be asked to standardize their consumption of

caffeine (by consuming either decaffeinated drinks at all times or a standard amount of caffeine
containing drinks), alcohol (by consuming either no alcohol or a standard volume of alcohol on
the evening before all GI tests) and medication (by either consuming medication every day or
not at all, and refraining from conducting a GI test if they took other medication. They would
also have to standardize their exercise habits (by keeping to the same exercise program,
especially on the day before all GI tests were conducted, with the last exercise to be done by
12h00), sleeping habits (by trying to go to bed at the same time every evening) and smoking
habits (by either smoking the same number of cigarettes the day before a test or not smoking at
all). Female subjects would be advised to not conduct a GI test during their menstrual period
and all subjects would be advised to not conduct a GI test if they had an infection in their
bodies, e.g. a cold, toothache, etc. in order to reduce the effect of day-to-day within-subject
variation in glycemia. This is due to the fact that caffeine @04D " alcohol “**)) exercise 4,
medication ®®, lack of sleep “6) smoking @D hormonal fluctuations 7, stress ®® and infections
G4® have all been found to affect blood glucose response. An effort would be made, however, to
standardize these lifestyle-confounding factors in such a way, so as to not place additional stress
©% on the subjects, by involving them in these choices and keeping their lifestyle as normal as
possible.
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2. LITERATURE REVIEW
2.1 Introduction

The GI is a ranking of foods on a scale from 0-100 and gives an indication of the blood glucose raising
ability of CHO foods, relative to a standard (glucose or white bread). The AUC elicited by a 50 grams (g)
glycemic or available CHO portion of a food is expressed as a percentage of the mean AUC elicited by a
50g CHO portion of a reference food, taken by the same subject on three different occasions."*¥ The GI
in a specific person is therefore calculated as follows:

AUC; (above fasting baseline) 100

Mean AUC; (above fasting baseline) 1

where:

AUC; (above fasting baseline) = Area under the curve above fasting baseline of a food

Mean AUC; (above fasting baseline) = Mean area under the curve above fasting baseline of three
determinations of the standard food.”

The AUC (above fasting baseline) is also called the incremental area under the blood glucose response
curve (IAUC) and includes only the area above the fasting level, which is calculated geometrically. Any
area beneath the fasting value is ignored in the calculation.***" The GI value of a food is the mean of 8—
12 volunteers of the percentage expression in each volunteer.”

Aim and approach

The aim of the literature study was to investigate whether any work had been done regarding GI testing
(EL), using a mixed group of subjects, i.e. healthy and diabetic (type 1 and/or type 2) subjects. A
literature search and review was therefore done on the methodology of GI testing regarding number and
type of test subjects, venous vs. capillary blood, laboratory instruments vs. glucometres, EL testing, etc.
To contextualize the use of the GI values, the literature review also covered a historical perspective, the
application and clinical use of GI values, arguments against the GI and factors that influence the GI and
the variability of the GI values of foods.

2.2 Historical perspective
221 Pioneers

Wagner & Warkany (1927) and Conn & Newburgh (1936) were some of the first researchers who
showed that similar amounts of different CHO foods produced different glycemic responses. Otto and co-
workers (1973 and 1980) were the first scientists who classified CHO foods on a systematic basis,
according to their glycemic responses, and incorporated them into the diabetic diet in amounts inversely
proportional to their glycemic responses, thereby keeping the glycemic impact of the diet constant.** In
the 1970s, Crapo et al examined the glycemic and insulinemic effect of a range of CHO rich foods, each
containing a 50g glucose load, on 16 healthy volunteers and found that “not all CHO were created equal”.
Dextrose and potato caused similar, higher glycemic responses, whereas corn caused lower glycemic
responses, rice and white enriched wheat bread. In addition, dextrose and potato elicited similar and
larger insulinemic responses than white bread, which showed an intermediate response, and especially
larger than rice and corn, which elicited low insulinemic responses.”” Crapo et al (1981) were also able to
demonstrate similar glycemic and insulinemic responses to these foods in diabetic individuals.“” In 1980,
Jenkins et al also found different glycemic responses to 35 CHO rich foods, each containing 50g CHO,
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using ten healthy volunteers. The mean glucose AUC and peak blood glucose values after the
consumption of cooked beans were respectively 52% (p<0.001) and 41% (p<0.001) of the values for
grains; 51% (p<0.01) and 45% (p<0.001) of the values for bread and spaghetti; 49% (p<0.001) and 43%
(p<0.001) of the value for biscuits; 51% (p<0.001) and 48% (p<0.001) of the value for breakfast cereals
and 55% (p<0.01) and 45% (p<0.001) of the value for tubers.®” This disproved the assumption that
equivalent amounts of CHO from different CHO rich foods and drinks had similar physiological effects
on the body and confirmed the findings of Crapo et al (1977), namely that all CHO, if consumed in
amounts that all yield the same amount of glucose (usually 50g) to the body, did not have the same effect
on blood glucose and insulin levels.

2.2.2. Coining of the concept

However, as the methods of presentation of data on the glycemic effect of different CHO foods were not
standardized, the results of different studies could not always be compared directly.*” Therefore, in order
to standardize the interpretation of these different glycemic responses in reaction to equal amounts of
different CHO foods, Jenkins and colleagues of the Department of Nutritional Sciences of the University
of Toronto (Ontario, Canada], proposed (in 1981) the GI. The GI was proposed as a classification of CHO
foods according to their effect on blood glucose levels ¥ or their blood-glucose raising potential so to
speak, to supplement the information found in food composition tables, as well as the CHO exchange lists
used by dieticians, which is merely based on the amount of CHO present in foods/drinks. This was
deemed necessary, as the CHO exchange lists, which have been used by dieticians for about 30y to
regulate the diets of diabetic subjects, do not reflect the physiological effect of foods on blood glucose
levels and are therefore no longer sufficient to control blood glucose levels. Scientists proved with
research done over the past 25y that it is not so much the amount of CHO, but rather its rate of digestion
and absorption that determined the glycemic response of humans to CHO rich foods.*®

223 Measurement and interpretation

The very first GI tests were conducted in 1981 on 5-10 healthy volunteers. Fifty grams CHO portions (as
calculated from food composition tables) from 62 different CHO rich foods were consumed with tea
made with one tea bag and 50mL milk, after an overnight fast. The area under the 2 hour (h) blood
glucose response curve (above fasting baseline) was calculated using a specific formula and was
expressed as a percentage of the mean 2h IAUC when an equivalent amount of CHO was taken as
glucose, together with 550mL tea with SOmL milk, which was done on more than one occasion. The GI
value of a food is the mean of 5-10 volunteers of the percentage expression in each volunteer.””

In 1983 Jenkins et al also determined the GI on groups of 5-7 diabetic volunteers from a pool of 12
subjects, of which one was type 1, two type 2 on oral medication and the rest type 2 diabetic subjects on
insulin. Fifty grams CHO portions (as calculated from food composition tables) from 15 different CHO
rich foods or CHO and protein meals were consumed after an overnight fast. The area under the 3h IJAUC
was calculated using the same formula already mentioned and expressed as a percentage of the mean
TIAUC of three tests of an equivalent amount of CHO taken as white bread. The GI values of the foods
were also calculated as the mean of the percentage expression in each volunteer and were found to be
significantly related (r=0.756; p<0.01) to the GI values obtained on the same foods, when the GI values
of 62 foods were determined in healthy individuals over 2h, with glucose as the reference food, by
Jenkins et al (1981). The IAUC of the 3h tests on 15 foods in diabetic subjects was also significantly
related to the IAUC of the 2h tests on the same foods in healthy volunteers (r=0.753; p<0.01).“? This
data showed that diabetic subjects could also be used for GI testing, in addition to healthy subjects, and
also indicated that white bread could be used successfully as standard/reference food.
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However, GI values using white bread as standard food are higher than GI values using glucose as
standard food, but can be adjusted to yield GI values using glucose as standard by multiplying by the
factor of 70/100, where 100 is the GI value of glucose and 70 is the mean GI value of white bread from
several studies. Therefore, if a GI value with white bread as reference food needs to be converted to a GI
value with glucose as reference food, the value must simply be multiplied by 70/100 **” or divided by
1.4. The relative difference between the GI of foods is the same, regardless of whether glucose or white
bread is used as reference food.”’

GI conversion factors for different reference foods
Glucose to white bread: x 1.4

White bread to glucose: x 0.7

Rating foods according to their GI values made it possible to compare CHO sources tested by different
investigators from around the world in different groups of subjects more readily and a large number of
foods have been classified thus.?**” However, there are different methods to calculate the AUC and GI
(refer to 2.4.3.2).

2.2.4  Arguments against the use of GI values

Some scientists are concerned about the possible problems that may be encountered in incorporating GI
advice into therapeutic nutrition, as well as the potential adverse effects it could have on food choices and
fat intake. For this reason the American Diabetes Association (ADA) does not recommend the use of GI
values for dietary counseling ®?, although the ADA does not question the fact that consumption of the
same amount of different starches can lead to different glycemic responses.®" [Some critics of the GI
even acknowledge that different, single CHO containing foods cause different glycemic responses.”]
Omitting the incorporation of the GI in dietary recommendations for diabetic individuals and advising
them to rather place priority on the amount of CHO, ignores the two- to threefold difference in glycemic
responses for the same amount of CHO in different foods. In fact, two slices of low GI bread produced a
similar glycemic response to only one slice of regular bread. Although the amount of CHO consumed is
important, as seen in the glycemic load (GL); one usually decides [in the words of Brand Miller et al

(1999)] “what to eat” before deciding “how much to eat”.®

2.2.4.1 Lack of agreement in Gl values obtained between different centers (refer to 2.4.3.2)

Although the GI values of many CHO foods tested in different centers around the world are similar for
the same type of foods, different GI values for the same foods have been observed from one center to
another, especially for potato and rice.***” However, sometimes slightly different weights of the same
food were tested, like in the case of potato, due to the use of different food composition tables (FCT) in
different countries of the world, which partly explains the differences in glycemic responses. There could
also be real differences between the more powdery russet potato that was tested by Crapo et al (1977) and
the variety of potatoes that were tested by Jenkins et al (1981) and Jenkins et al (1983). In addition, Crapo
et al (1977) probably found a lower response to rice as they used parboiled rice, whereas the studies that
found higher responses, i.e. Jenkins et al (1981) and Jenkins et al (1983), used regular rice. Studies that
were conducted since then have shown that parboiled cereal grains like rice ®* and wheat ! usually
result in relatively flat blood glucose responses. These differences are not due to lack of agreement
between centers, but due to true differences in the physiological effects of these foods that were
previously erroneously considered to be the same. Goddard et al (1984) found that long grain rice may be
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higher in amylose starch and therefore elicited a flatter blood glucose response than short-grain varieties,
which are higher in amylopectin *”, and which are more easily digested.

An inter-laboratory study revealed an average inter-laboratory SD of 9, indicating that if published GI
values of the “same” food, which was determined by different GI testing laboratories in the world, differ
by more than 18, it is possibly a true difference in GI due to real differences in the food.®”

2.2.4.2 Individual variation in glycemic responses (refer to 2.4.3.2)

As mentioned before, Crapo and co-workers (1977 and 1981) demonstrated similar glycemic and
insulinemic responses to four starches (bread, potato, rice and corn) in healthy ’ and diabetic individuals
@ in two separate studies. Several other studies have also shown similar responses to different CHO
foods in healthy ), type 2 diabetic “® and type 1 and type 2 diabetic subjects."*>> However, it has been
said that using average glycemic responses is not accurate enough, as they may not reveal large
differences in response in different individuals.®* Jenkins and colleagues (1988) therefore examined the
individual data that were used to determine the GI values of a range of low GI foods, as determined in
two sets of type 1 and type 2 diabetic subjects in the two studies mentioned above. They established that
the overall response to the whole range of low GI foods that were tested was consistent for each
individual, i.e. the mean value for all the low GI foods in each subject was significantly lower than that of
the high GI food, white bread and was similar to or below the predicted mean GI value for these foods, in
spite of the wide variation in individual responses to a specific food. Therefore they are of the opinion
that the GI can be applied to individual diets that contain many different CHO sources.*”

2.2.4.3 Glycemic response of mixed meals

Jenkins et al (1984) found that if two CHO sources with different GI values were incorporated into a
meal, the overall glycemic response of the meal was intermediate in relation to the GI values of the two
CHO sources. They concluded that the GI value of foods could be used to predict the glycemic response
to a mixed meal that contains different sources of CHO, as well as protein and fat.®® The GI can therefore
be usggl to predict the glycemic response of mixed meals by calculating the weighted GI value of the
meal.

The observed GI values of mixed meals were within 2% of the predicted GI value, when the latter was
calculated prior to testing.®® At least 12 studies showed that the GI values of individual foods predicted
the glycemic response to mixed meals containing these foods.”’ In a study conducted by Chew et al
(1988), the correlation coefficient for the observed glycemic response vs. the predicted response was as
high as r=0.88 (p<0.01). The lack of effect in mixed meals found in one study could possibly be
attributed to faulty methodology.®’

In the first of three studies conducted by Coulston and Hollenbeck et al (which took place in 1984, as
reported by Hollenbeck et al in a review article on these studies), a noon meal was fed to type 2 diabetic
subjects, in which 66% of the total CHO came from a single CHO, i.e. either potato, rice, spaghetti or
lentils (foods with a wide range of GI values). They did not find any significant differences in glycemic or
insulinemic responses to these mixed meals, except for the meal containing potato, which showed
significantly higher blood glucose and insulin responses than the other meals. However, these responses
were not in line with the predicted responses, based on the GI values of these foods.*?

In the second study on six healthy individuals and nine individuals with type 2 diabetes, the observed
differences in glycemic and insulinemic responses to mixed meals that were given at lunch, in which the
overall CHO from starch, fruit and vegetables were predominantly high (GI 71), intermediate (GI 48) or



&
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

Qe YUNIBESITHI YA PRETORIA

low GI (GI 34), were much less marked than the predicted responses, and not in line with the calculated
GI values of the meals, as determined by using the published GI values of the CHO in the meal. Although
plasma glucose response areas seemed to follow the predicted order of glycemic response in the type 2
diabetic subjects, these differences were not significant and the response areas were almost identical for
the different meals, especially in the healthy subjects. The higher the overall GI of the meal was,
however, the higher the blood insulin levels were, although not statistically significant.®”

In a third study, breakfast, lunch and dinner were fed to type 2 diabetic subjects. The three test days
contained mixed meals with an overall high (GI 71), intermediate (GI 54) and low GI (GI 38)
respectively, as predicted by using published GI lists. The glucose response after breakfast, lunch and
supper did not vary substantially between the low, intermediate and high GI meals, except for after lunch,
in which the total plasma glucose response was 9% lower after consumption of the low GI meal, when
compared to the high GI meal.®?

This lack of difference in the GI values of mixed meals could possibly be attributed to faulty

methodology pertaining to the following:

. second meal effect: Staub (1921) and Traugott (1922) found that the response to a second meal
is smaller than to the first in healthy individuals, when blood glucose response is determined
after the ingestion of oral glucose loads given about 4h apart. This is known as the Staub-
Traugott or second meal effect.*® Jenkins et al (1982) found a significantly lower blood glucose
response to lunch after consumption of a low GI breakfast than after consumption of a high GI
breakfast.®® The lack of difference between the glycemic responses to the low, intermediate and
high GI meals taken at lunch in the above mentioned three studies [Coulston et al (1984);
Coulston et al (1987); Hollenbeck et al (1988)], could possibly be due to the Staub-Traugott
effect, especially in the studies conducted by Coulston et al (1984) and Coulston et al (1987).
The GI of the breakfast meal in the former study could have been low, but the article does state
what was given for breakfast ©” and the GI of the breakfast meal in the latter study could have
been low or intermediate or high, depending on the type of fruit juice that was given with the
white bread.®? If the GI values of the breakfasts were low GI, this could have affected the
results of the GI tests that were conducted at lunch, as Jenkins et al (1982) found a significantly
lower blood glucose response to lunch after consumption of a low GI breakfast than after
consumption of a high GI breakfast.®” Wolever and Bolognesi (1996) confirmed this, as they
found that the difference in glycemic response between two breakfast cereals that were studied
in eight healthy individuals in the morning after a 10—12h overnight fast, as well as at lunchtime
(12h00) after a standard breakfast had been eaten, were significantly larger in the morning than
at lunchtime, in spite of the fact that physical activity was restricted.“” For this reason, it has
been recommended by the international committee for the standardization of global GI
methodology, that GI tests be conducted in the morning, after an overnight fast @";

. venous vs. capillary blood: Venous blood was used by Coulston et al (1984) and Coulston et al
(1987), and probably by Hollenbeck et al (1988) as well ®?, whereas capillary blood is the
preferred method of blood sampling to observe differences in glycemic responses to different
foods ®1*?;

. frequency of blood sampling: Blood glucose measurements were only taken every 30min
(min) for the first hour in the study conducted by Coulston et al (1987) and only every 60min
for the next 2h, instead of every 15min for the first hour and thereafter every 30min, as is the
standard protocol for GI tests.*?" In the study conducted by Coulston et al (1984), blood
glucose measurements were only taken every 60min. The highest postprandial value in healthy
individuals is mostly at 45min, and Krezowski et al (1986) showed that blood glucose
concentrations were usually back to baseline after 90min. The highest postprandial value in
diabetic subjects could be anything from 60-90min. Researchers, such as Gannon et al (1986)
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and Krezowski et al (1987), showed that it can take up to 4-5h for plasma glucose to return to
baseline in these subjects.®"” The highest values and lowest values in both healthy and diabetic
subjects could therefore have been missed, due to this faulty method of blood sampling;

lack of sufficient difference in Gl between the three meals: It does no