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We aimed to produce an updated Australian glycaemic index (GI) database based on a systematic
method. GI values were assigned to the 3871 unique foods in an Australian food composition database.
Following the method, 1124 (29%) foods had less than 2.5 g of available carbohydrates per 100 g and
were assigned a Gl of 0, and 416 (11%) foods had a direct match in one of the three data tables used. The
GI value of a ‘closely related’ food was assigned to 1793 (46%) foods; 135 foods (3%) had their GI values
calculated using the weighted average GI method; 391 (10%) foods were assigned the median GI of their
corresponding food subgroup, and 12 (<1%) foods were assigned a GI of 0 because they were not
significant sources of carbohydrates in a typical diet. For the 3634 foods which received a GI value in the
2009 assignment, 1954 (53.8%) had an updated GI value, and the mean + SD difference between the
2009 and current assigned values was +3.0 + 16.0 units (paired sample t-test p < 0.001). Acknowledging
some limitations, this database will enhance the utility of the GI concept in research and clinical settings in
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1. Introduction

The glycaemic index (GI) is a measure of the quality of dietary
carbohydrates, where a low GI indicates that the carbohydrates in
the food are either digested and absorbed slowly, or contain
monosaccharides that are inherently less glycaemic (Brand-Miller
et al., 2009). The GI of a food is the mean ratio between the area
under the postprandial glycaemic response curve of a serving of
that food which provides 50 g available carbohydrate, and that of a
reference food, usually 50 g of glucose, and is therefore dimen-
sionless in nature. As the amount of carbohydrate consumed is
also a key factor in determining postprandial glycaemic response,
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the GI was often criticized for not taking the quantity of
carbohydrate into account. To address this, the glycaemic load
(GL) concept was developed (Salmeron et al., 1997; Salmeron et al.,
1997). GL is given by the product of GI (as %) and amount of
carbohydrate in the food, and therefore the unit is grams.

The consumption of low GI meals results in lower fluctuations
in postprandial blood glucose levels compared with high GI meals
with the same amount of available carbohydrate (Solomon et al.,
2010). Since chronic postprandial hyperglycaemia and the
associated hyperinsulinaemia have been associated with increased
risk of several chronic diseases (Ludwig, 2002), a low GI eating
pattern is hypothesized to be protective. In recent years, research
around the world has provided evidence for the benefits of
following a low GI diet. A meta-analysis by Barclay et al. (2008)
concluded that a low GI diet was associated with reduced risks of
type 2 diabetes, coronary heart disease, gall bladder disease and
breast cancer. Recent meta-analyses (Fleming and Godwin, 2013;
Greenwood et al., 2013; Livesey et al., 2013; Mirrahimi et al., 2012;
Rouhani et al., 2013; Schwingshackl and Hoffmann, 2013) on the
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topic have reached similar conclusions that a low GI/GL eating
pattern is beneficial.

Accurate assignment of GI values to food items is crucial to the
validity of the observed relationship between dietary GI and/or GL
and health outcomes in observational studies, as well as accurate
design and delivery of a low GI/GL diet in intervention studies.

Previously researchers are required to develop their own
method of assigning GI values to foods, or adopt methods developed
by other researchers which often require slight modification to
suit their own purpose. This makes comparison between studies
difficult due to different methods used to assign GI values. Because
of the subjective nature, the accuracy of the assigned values has
also been criticized (Flood et al., 2006; Jenab and Boffetta, 2010).

This issue may be addressed by developing and applying robust
methodology to assign GI values to foods in standard/national food
composition databases, which can then be utilized by researchers.
Although there could still be differences in the methods used
between countries, it could at least ensure standardization within
countries. The cross-country differences could also be justified due
to the differences in food composition and food supply, similar to
the differences seen for other nutrients. Research groups in the US
(Martin et al., 2008; Schakel et al., 2008), UK (Levis et al., 2011),
Malaysia (Shyam et al., 2012), and Finland (Kaartinen et al., 2010)
have produced food composition databases completed with GI
values.

In addition to the benefits to the research community, producing
a standard GI database could also assist health professionals to put
the GI concept in practice by allowing easy assessment of the
dietary GI of their clients/patients. A nutrition analysis package
commonly used by dietitians in Australia, FoodWorks (Xyris
Software, Spring Hill, QLD, Australia), has an inbuilt function to
analyse dietary GI when appropriate data are available.

Despite the benefits, a food composition database with
complete GI data is not available in Australia. We therefore
aimed to document the methods we used to assign GI values to
food items in an Australian national food composition database,

AUSNUT2007 (Food Standards Australia New Zealand, 2008); and
provide the resultant database for use by other researchers and
health professionals.

2. Materials and method
2.1. Assignment and update of GI values

The current work was largely based on our previous work on the
secondary analysis of the 2007 Australian National Children
Nutrition and Physical Activity Survey, completed in 2009 (Louie
et al., 2011a), where we have assigned GI values to the majority of
foods included in AUSNUT2007 (n=3634, 94% of all foods in
AUSNUT2007). Since then new analytical values have become
available, and a dietitian experienced in the GI assignment process
(JCYL) has therefore updated the database with the new values and
assigned GI values to the remaining foods without a GI. Based on a
modified version of a method previously described by us (Fig. 1)
(Louie et al., 2011b), we assigned GI values to all of the 3871 foods
included in AUSNUT2007 (Food Standards Australia New Zealand,
2008). AUSNUT2007 is a food composition database compiled by
FSANZ for the analysis of the 2007 Australian National Children’s
Nutrition and Physical Activity Survey (Commonwealth, 2008). It
contains complete data for 37 common nutrients for 3874 foods, as
well as pre-defined linkages of branded items with generic items.
Foods in AUSNUT2007 were classified into 23 broad food
categories (University of South Australia, 2009a). Percentage
change in weight due to cooking is also provided. Nutrient data
of 1233 (32%) foods in AUSNUT2007 were based on data from
NUTTAB2006 (Food Standards Australia New Zealand, 2006), a
food composition database with mainly chemically analysed data.
Data for the remaining 2641 foods were derived using a ‘recipe
approach’ based on standard recipes (n =2153); from food labels
(n=236); calculated or imputed (n=105); borrowed from the
1995 National Nutrition Survey database (n = 81) or similar items
in overseas food composition databases (n = 61); or obtained from

Total n = 3871

Step 1. Does the item
: have < 2.5 g CHO/100 g?

Step 2. Is there a direct
match in the 3 databases ———
used? :

Assign that GI

Step 3. Is there a “closely
related food item” in the 3
databases used?

Assign Gl of closely related
food item, with preference for
Australian values

Step 4. Is the food a
‘mixed food’ that can be
disassembled? !

Calculate Gl as weighted
average Gl of components

Assign median
Gl of subgroup

Step 5. Is the median Gl value | __
of the food subgroup available? :
I
|

v
Step 6. Is the food likely to
be a significant source of -
CHO?

Assign
default GI

Fig. 1. Decision algorithm for GI value assignment. Boxes in black indicate decision end points. Modified from Fig. 2 in Louie et al. (2011b).
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food manufacturers (n=5). Three out of the 3874 food items in
AUSNUT2007 had a duplicate entry, which were removed to
produce the final database with 3871 foods.

AUSNUT2007 was chosen over the other two recent Australian
food composition databases, NUTTAB2006 (Food Standards
Australia New Zealand, 2006) or NUTTAB2010 (Food Standards
Australia New Zealand, 2011), because it contained more foods
with complete data for 37 common nutrients, and provided pre-
defined linkage of branded items with generic items (Sobolewski
et al., 2010). AUSNUT2007 is the preferred choice of food
composition database for many Australian nutrition professionals
as it contains a large range of commercially available foods and is
the most current complete Australian food composition database.

The following modifications were made to the original method:
Step 1 in the original method was omitted because the Gl values in
the FoodWorks GI database were > 10 years old. To enhance the
accuracy, the cut-off used in Step 2 in the original method was also
reduced from 5g available carbohydrates per 100g to 2.5¢g
available carbohydrates per 100 g (Step 1 of the method outlined in
this paper). We have also added a new step (Step 4) in the decision
algorithm to deal with mixed meals, where the weighted average
GI (Wolever et al., 2006) of their components were assigned
regardless of the availability of a tested value.

For the purpose of this study, whenever possible, only Australian
GI values were used to ensure better representation of the
characteristics of Australian foods. Values from subjects with
diabetes (Glg;ap) were only used when no values from healthy subjects
(Glheaithy) were available, and the values were converted to Glheaithy
using the equation: Glheaithy = (Glaiab — 9.7)/0.9 (Atkinson et al., 2008).

2.2. Sources of glycaemic index values

The GI values were sourced from one of the following data
tables: (1) The International Table of Glycaemic Index and
Glycaemic Load Values (Atkinson et al., 2008) which serves as
the primary data source; (2) the Sydney University Glycaemic
Index Research Service online database (Sydney University
Glycemic Index Research Service, 2012) which contains values
tested after the publication of #1; (3) a study of Chinese foods
by Chen et al. (2010) published after the publication of #1. If the
GI values from the source databases were in the white bread
scale, they were converted into the glucose scale by the formula:
Glglucose scale = lehite bread scale X 0.7.

2.3. Independent check

The final GI values were independently reviewed by two
dietitians experienced in GI testing (FSA and AWB) to ensure
accuracy and appropriateness.

2.4. Statistical analysis

All statistical analyses were performed in IBM SPSS (version 19.0,
IBM Australia, Lane Cove, NSW, Australia). Paired samples t-test was
used to test for difference between the 2009 and the current assigned
value, and the mean + SD difference was also calculated. The results
were further stratified by food groups used in the 2007 Australian
National Children’s Nutrition and Physical Activity Survey (University of
South Australia, 2009b). The proportion of foods in each food group with
Gl values assigned at each step was also examined.

3. Results
A complete list of GI values of Food Standards Australia New

Zealand (2008) is available at http://www.glycemicindex.com/
AUSNUT2007_list.html. Following the steps outlined in Fig. 1, 1124

(29%) foods had less than 2.5 g of available carbohydrates per 100 g
and were assigned a GI of O (Step 1). There were 416 (11%) foods
which have a direct match in one of the three data tables used (Step
2),and 1793 (46%) were assigned the GI value of a ‘closely related’
food item (Step 3). GI values of 135 foods were calculated using the
weighted average GI method (Step 4). There were 391 (10%) foods
which were assigned the median GI of their corresponding food
subgroup (Step 5), and 12 (<1%) foods were assigned a GI of
0 because they were deemed not to be a significant source of
carbohydrate in portions normally consumed in Australian diets
(Step 6).

Higher proportions of foods in ‘Fats and oils’ (100%), ‘Egg
products and dishes’ (91.3%), ‘Meat, poultry and game products
and dishes’ (74.1%) and ‘Alcoholic beverages’ had less than 2.5 g
available carbohydrates per 100 g; and most other food groups had
the majority of GI values assigned at Step 3 (Table 1). ‘Savoury
sauces and condiments’ had the highest proportion (80%) of GI
assigned at Step 5 (i.e. median of subgroup), followed by
‘Miscellaneous’ (45.9%). Of the 2208 foods with a GI value assigned
in Step 2 or Step 3, 1472 (67%) had an Australian specific GI.

Of the 3871 foods in AUSNUT2007 (Food Standards Australia
New Zealand, 2008), 240 foods did not receive a GI value when we
first assigned GI values to foods in 2009. For the 3634 foods which
received a GI value in the 2009 assignment, 1954 (53.8%) had an
updated GI value in the current revision. For example ‘Milk, oat,
fluid’ was assign a GI of 0 in the 2009 assignment, which has been
updated to 86 in the 2012 revision. Among these 3634 foods, the
mean = SD difference between the 2009 and current assigned values
are +3.0 £+ 16.0 units (p < 0.001; Table 2). The GI values of foods in
‘Infant formulae and foods’ (+30.2 + 27.4 units; p < 0.001), ‘Soups’
(+12.7+£23.3 units; p<0.001) and ‘Special dietary foods’
(=15.3 £12.1 units; p=0.003) were found to have the biggest
discrepancy between 2009 and the current revision. Values from
diabetic subjects were used in 221 food items (6%).

4. Discussion

To our knowledge, this is the first attempt to assign GI values to
all foods contained in an Australian national food composition
database. In the current revision, more than 50% of the foods have
had their GI values updated. This was mainly because we opted to
use Australian specific Gl values whenever possible as the database
is intended for use mainly within Australia. Using national specific
GI values allows better representation of the composition of foods
of a particular country, and was a standard practice when GI values
were added to other national food composition databases (Levis
et al,, 2011; Martin et al., 2008; Schakel et al., 2008). Variation in
food manufacturing practice, cultivars, soil properties and climate
are some examples of factors that may cause differences in the GI
values of the same foods from different countries as seen in the
International Glycaemic Index and Glycaemic Load tables (Atkin-
son et al., 2008). The differences in the GI assigned in 2009 and the
current revision could also be attributed to the reduction in the
cut-off used in Step 1 (5 g available carbohydrates per 100 g in
2009 vs. 2.5 g available carbohydrates per 100 g in the current
revision). Although foods with less than 5 g available carbohy-
drates per 100 g are unlikely to cause a noticeable increase in
postprandial glycaemia, when several of these foods are consumed
as part of a mixed meal, the total available carbohydrate from these
‘low carbohydrate foods’ may increase postprandial blood glucose
levels (Schakel et al., 2008). The reduction in the cut-off to 2.5 ¢g
available carbohydrate per 100 g allowed more foods to receive a
GI value other than 0, which would allow the effect of these ‘low
carbohydrate foods’ when consumed as part of a mixed meal be
adequately accounted for. We believe foods with less than 2.5 g
available carbohydrates per 100 g are unlikely to be consumed in
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Table 1
Number of foods with glycaemic index (GI) assigned at each steps.
Food categories N Steps?
1 2 3 4 5 6

Non-alcoholic beverages 280 30 45 199 0 6 0
Cereals and cereal products 392 0 125 247 14 6 0
Cereal based products and dishes 528 0 36 357 118 17 0
Fats and oils 96 96 0 0 0 0 0
Fish and seafood products and dishes 226 137 8 70 1 10 0
Fruit products and dishes 168 4 50 106 0 8 0
Egg products and dishes 23 21 0 1 0 1 0
Meat, poultry and game products and dishes 868 643 2 180 1 42 0
Milk products and dishes 297 35 46 191 0 25 0
Dairy substitutes 48 1 24 22 0 0 1
Soups 74 4 2 54 0 14 0
Seed and nut products and dishes 46 6 3 23 0 14 0
Savoury sauces and condiments 95 10 0 9 1 75 0
Vegetable products and dishes 350 86 16 137 0 111 0
Legume and pulse products and dishes 50 6 11 27 0 6 0
Snack foods 28 0 9 17 0 2 0
Sugar products and dishes 60 0 18 39 0 3 0
Confectionery and cereal/nut/fruit/seed bars 112 0 14 82 0 16 0
Alcoholic beverages 25 16 0 8 0 1 0
Special dietary foods 10 0 3 7 0 0 0
Miscellaneous 74 29 0 0 0 34 11
Infant formulae and foods 21 0 4 17 0 0 0
All food groups 3871 1124 416 1793 135 391 12

@ Step 1, assign GI =0 for foods with <2.5 g carbohydrates per 100g; Step 2, assign Gl value of a direct match in the three data sources used; Step 3, assign GI value of a
‘closely related food item’ in the three data sources used; Step 4, calculate GI as weighed average GI of components; Step 5, assigned median GI of subgroups; Step 6, assign

default GI.

sufficient amount to cause any changes to postprandial glycaemia,
e.g.if a food contains 2.5 g available carbohydrates per 100 g, 700 g
of this food needs to be consumed to provide 15 g of available
carbohydrate (equivalent to one carbohydrate exchange).

Unlike a food frequency questionnaire (FFQ), where the
analysis is based on a predefined list of food groups rather than
individual items, analysing dietary GI/GL of more detailed dietary
assessment methods such as 24 h recalls and food records
requires much more GI data for accurate assessment. For
example, in the analysis of a 122-item FFQ used in a previous
study (Gopinath et al., 2012), 243 items were used to translate
the FFQ answers into dietary GI and GL; in contrast, in other
types of dietary assessment methods, the number and types of

foods a participant/client can report could be virtually unlimited.
Therefore a complete set of GI data is required to produce valid
and reliable assessment of dietary GI and GL.

By producing a standardized GI database for use in Australia,
this allows improved cross-study comparison of future Austra-
lian studies by reducing errors introduced from different
methods used in GI assignment. In addition, because the
nutrition analysis package commonly used in Australia already
incorporates an inbuilt function to analyse dietary GI and GL,
our database will also allow easier and more precise assessment
of dietary GI and GL. This has been a challenge for Australian
dietitians and health professionals in routine practice due to the
lack of reliable tools.

Table 2
Mean (SD) glycaemic index (GI) and difference between the GI values assigned in 2009 and 2012 by major food categories.

Food categories n Mean GI 2009 Mean GI 2012 A p-Value
Non-alcoholic beverages 275 41.2 (21.2) 44.8 (20.3) +3.6 (18.3) 0.001
Cereals and cereal products 377 62.1 (11.3) 61.1 (12.7) -1.0 (10.1) 0.058
Cereal based products and dishes 515 56.2 (17.2) 59.3 (15.7) +3.1 (14.8) <0.001
Fats and oils 88 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) -

Fish and seafood products and dishes 189 7.5(16.3) 14.0 (16.0) +6.5 (16.3) <0.001
Fruit products and dishes 152 43.8 (15.6) 45.8 (14.0) +2.0 (12.3) 0.046
Egg products and dishes 23 0.0 (0.0) 2.8 (13.6) +2.8 (13.6) 0.328
Meat, poultry and game products and dishes 813 5.6 (15.1) 9.7 (17.5) +4.1 (15.2) <0.001
Milk products and dishes 297 27.6 (15.8) 25.7 (15.6) -1.8 (12.1) 0.009
Dairy substitutes 46 44.1 (14.8) 40.4 (18.7) -3.7(16.4) 0.133
Soups 70 37.5 (20.6) 50.2 (17.2) +12.7 (23.3) <0.001
Seed and nut products and dishes 45 7.4 (11.7) 15.9 (9.4) +8.6 (13.9) <0.001
Savoury sauces and condiments 94 19.1 (23.8) 23.8 (17.3) +4.7 (21.2) 0.035
Vegetable products and dishes 311 27.2 (34.2) 33.6 (30.2) +6.3 (23.2) <0.001
Legume and pulse products and dishes 47 31.1 (19.1) 31.5(17.2) +0.4 (17.5) 0.885
Snack foods 28 57.6 (16.3) 63.6 (11.5) +6.1 (15.3) 0.045
Sugar products and dishes 44 55.6 (12.9) 56.7 (13.8) +1.2 (11.6) 0.509
Confectionery and cereal/nut/fruit/seed bars 109 54.7 (13.9) 54.4 (15.1) -0.3 (12.9) 0.834
Alcoholic beverages 25 16.6 (27.7) 18.5 (28.0) +1.9 (13.4) 0.491
Special dietary foods 10 48.7 (10.8) 33.5(5.2) -15.3 (12.1) 0.003
Miscellaneous 55 0.8 (6.1) 0.0 (0.0) —0.8 (6.1) 0.322
Infant formulae and foods 21 25.2 (39.3) 55.4 (21.0) +30.2 (27.4) <0.001
All food groups 3634 31.0 (28.4) 34.0 (27.2) +3.0 (16.0) <0.001

p-Value tested by paired-sample t-test.
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Similar to other food composition databases in general, there are
limitations of this GI database of Australian foods that users should
take into account. First, although best effort has been made to select
the closest match, around 50% of the foods in this database had
assigned GI values based on similar foods. Second, although there
are some pre-defined mixed dishes in this database (e.g. sushi,
sandwiches, etc.), wherever possible the single component food
items should be used to calculate the average GI of a mixed item/
meal. For example, the GI of a breakfast containing cereal and milk
should be determined by the weighted average GI of individual
components, rather than the measured GI of that mixed meal
(Wolever and Bhaskaran, 2012; Wolever et al., 2006). As a general
rule, if the mixed dish or meal can be ‘disassembled’ into component
foods that have been tested in the same physical state (e.g. the
bread roll in a hamburger or the pizza base in a pizza), then
the weighted average value of all the component foods should be
assigned. This ensures a level playing field for all mixed meals that
contain varying amounts of protein, fat and carbohydrate. On the
other hand, foods such as cakes and biscuits cannot be disassembled
and should be assigned a value similar to a previously tested cake or
biscuit. If a user enters a cake recipe in a nutrition analysis package
that uses the weighted average GI method to calculate the GI of
the recipe, this is likely to over-estimate the GI. Software vendors
are therefore advised to create prompts to ask user to override the
GI of the recipe with a similar item from the database.

Third, about one third of the GI values assigned based on exact
match or similar foods in this database were sourced from non-
Australian studies, which may not truly reflect the Australian food
supply, and ideally these values should be updated once the data
become available. Also, this database contains only generically
described food items, and therefore the GI values assigned were not
brand specific. Data from the International Table of Glycaemic Index
and Glycaemic Load (Atkinson et al., 2008) suggests that there could
be considerable variability between brands for the same food (e.g.
the Gl of rye breads ranges from 40 to 86). It is possible to extrapolate
the generic nutrient data to create a branded database, and override
the GI values with brand specific GIs.

In addition, the limitations of assigning GI values in a food
composition database should be noted. The GI value is a
characteristic of a single food and not the meal in which it is
consumed. It may not be representative of all foods in its class
because different manufacturers prepare and process foods,
particularly cereal products, in different ways. This variability is
not unique to the GI, but true of many nutrients, including saturated
fatand fiber. Actual glycaemic responses will vary, depending on the
other foods consumed at the time, whether they are high in fat or
protein or soluble fibre. GI values also vary because of methodologi-
cal differences between laboratories (Wolever et al., 2008). For all
these reasons, the calculated average dietary GI may not reflect the
day-to-day glycaemic experience of a given individual. Although the
GI values used in the coding of the AUSNUT2007 database were
based on the best available published data for the GI values of foods,
the reliability and precision of the published GI data is limited by the
quality of the original research and this may impact on our coding.
The Gl values used in the coding were chosen based on the following
criteria: tested in at least 8 healthy subjects, showed acceptable
levels of variability (standard error of mean < 12) and were tested
using a method consistent with the International methodology (ISO/
FDIS:26642:2010). Whilst we believe these criteria ensure only GI
values tested based on standardized protocol were used in our
assignment, user of this database should take into account the
potential limitation(s) of the original data sources, and caution
should be applied in interpreting the final analysed GI values of
meals and whole diets generated by food composition databases.

Lastly, we acknowledge that no external review of the
database was conducted. However, our group is the only group

in Australia who has extensive experience in the testing the GI of
a variety of food products, and who had previously published
three international tables of glycaemic index values (Atkinson
et al., 2008; Foster-Powell and Brand-Miller, 1995; Foster-Powell
et al., 2002) as well as a methodology paper on how to assign
glycaemic index to foods in a 24 h recall database (Louie et al.,
2011b). By providing all the GI values as an online database we
invite researchers in the field to scrutinize the database and
inform us of disagreement.

5. Conclusion

Acknowledging its limitations, this database will enhance the
utility of the GI concept in both the research and clinical setting in
Australia.
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