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Abstract

There are no published data regarding the overall dietary glycaemic index (GI) and glycaemic load (GL) of Australian children and
adolescents. We therefore aim to describe the dietary GI and GL of participants of the 2007 Australian National Children’s Nutrition and
Physical Activity Survey (2007ANCNPAS), and to identify the main foods contributing to their GL. Children, aged 2—16 years, who provided
two 24 h recalls in the 2007ANCNPAS were included. A final dataset of 4184 participants was analysed. GI of each food item was assigned
using a previously published method. GL was calculated, and food groups contributing to the GL were described by age group and sex.
The weighted mean dietary GI and GL of the participants were 54 (sp 5) and 136 (sp 44), respectively. Among the nutrients examined,
Ca had the highest inverse relationship with GI (<0-001), while percentage energy from starch was most positively associated with
GI. The association between fibre density and GI was modest, and percentage energy from sugar had an inverse relationship with GI.
Daily dietary GL contributed by energy-dense and/or nutrient-poor (EDNP) items in subjects aged 14—16 years was more than doubled
that of subjects aged 2—3 years. To conclude, Australian children and adolescents were having a high-GI dietary pattern characterised
by high-starchy food intake and low Ca intake. A significant proportion of their dietary GL was from EDNP foods. Efforts to reduce dietary
GI and GL in children and adolescents should focus on energy-dense starchy foods.
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Chronic high dietary glycaemic index (GI) and glycaemic load Despite the potential health benefits, data about the dietary
(GL) have been shown to increase the risk of chronic diseases GI and GL of a nationally representative sample of children
such as diabetes and CVD among adults = However, the cur- and adolescents have not been reported in the literature,
rent evidence regarding dietary GI and GL and their associations and there have only been a few investigations of GI and GL

with disease risks, among children and adolescents, is limited and
mixed. Data from longitudinal studies such as the DOrtmund
Nutritional and Anthropometric Longitudinally Designed
(DONALD) study™® did not show any prospective association
between dietary GI or GL and percentage of body fat or BMI.
There has also been no study to investigate the effect of dietary
GI or GL in childhood on long-term health risks. On the other
hand, low dietary GL has been shown to improve cognitive per-

among children and adolescents in larger samples or national
surveys in other countries'°'?. Therefore, the aims of the
present study are to (1) describe the dietary GI and GL of Aus-
tralian children and adolescents, (2) analyse their relation to
other nutrients and (3) identify the major foods contributing
to their GI and GL, using data from the most recent Australian
national dataset available to date, the 2007 Australian National

formance®” , and some evidence from randomised controlled Children’s Nutrition and Physical Activity Survey (2007ANC-
trials®” also suggested that a low-GL diet was beneficial in the NPAS)'®. Furthermore, we examined age group and sex
treatment of obesity in children and adolescents. differences with regard to these aims.

Abbreviations: 2007ANCNPAS, 2007 Australian National Children’s Nutrition and Physical Activity Survey; CHO, carbohydrate; DONALD, DOrtmund
Nutritional and Anthropometric Longitudinally Designed; GI, glycaemic index; GL, glycaemic load; PAL, physical activity level.
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Materials and methods

The 2007 Australian National Children's Nutrition and
Physical Activity Survey

The 2007ANCNPAS was commissioned in 2007 by the Austra-
lian Commonwealth Department of Agriculture, Fisheries and
Forestry, and the Australian Food and Grocery Council®.
The methodology of the 2007ANCNPAS was previously
described in detail ™. In brief, the survey measured the
dietary intakes of food and beverages as well as the use of
supplements using the 24h recall method, administered
twice during the survey period. These data were collected
on children aged 2-16 years (n 4834) between 22 February
and 30 August 2007. Dietary intake data were entered into a
purpose-built database, with nutrition compositions based
on the AUSNUT2007 database™®.

Data cleaning

Children who completed only one 24h recall (n 179) were
excluded from the analysis. The plausibility of the remaining
food intake data was assessed using the Goldberg cut-off1®
for specific physical activity level (PAL), which was deter-
mined from information collected about physical activity
with a pedometer. Where PAL data were not available
(n 2438), we have utilised the lower 95% CI of a PAL of 15
(i.e. 0:93) and the upper 95% CI of a PAL of 1-7 (i.e. 2:73)
as the cut-off values for under- and over-reporting. These
PAL cut-off points were approximately the 25th and 75th
percentile of those children who had a PAL determined from
the survey. Participants with the energy intake:BMR ratio
outside the 95% CI were excluded from the analysis. We
excluded 360 under-reporters and 100 over-reporters based
on this method. We also excluded eleven participants who
reported unusually high intakes of foods (e.g. six cups of
rice in a meal). The final dataset included 4184 participants,
where 51% were male. The demographic characteristics of
the participants are summarised in Table 1.

Linking published glycaemic index values to 2007
Australian National Children’s Nutrition and Physical
Activity Survey food items

GI values were assigned to individual food items recorded in
the 2007ANCNPAS dataset based on a method previously
described by our group™” with a small modification at
step 1, as AUSNUT2007 contains no information about the GI.
In short, the four steps involved in the assignment process
are as follows:

Step 1. Determine if the item has <5g of carbohydrates
(CHO) per 100g. If yes, a GI value of 0 was assigned to that
item. If no;

Step 2. Determine if there is a ‘closely related food item’ or
an exact match in the four databases used. If yes, assign that
GI value. If no;

Step 3. Determine if the median GI value of the food
subgroup is available. If yes, assign the median GI value of
the subgroup. If no;

Table 1. Demographic characteristics of the subjects included in the
analyses

(Number of subjects and percentages, n 4184)

Australian national

n % statistic (%)*

Sex (n)

Male 2134 51-0 51.3

Female 2050 49-0 48.7
Age groups (years)

2-3 1068 25.5 13-4

4-8 1181 28.0 28.0

9-13 1019 244 36-4

14-16 916 219 22.3
Aboriginal

Yes 120 2.9 4.3

No 4062 971 90-1

Missing 2 0-0 5.6
Region

Urban 2805 67-0 N/A

Rural 1379 33.0 N/A
State

ACT 166 4.0 1.6

NSW 1037 24.8 33.0

NT 88 21 1.0

QLD 698 16-7 19.7

SA 818 19-6 7-6

TAS 172 41 24

VIC 826 19.7 24.8

WA 379 9-1 99

N/A, not available.
* Data from the 2006 Australian Census for children and adolescents aged 2—16
years.

Step 4. Determine if the item is a ‘top carbohydrate contri-
butor®”.

If yes, assign a GI value of 50 or a GI value of an appro-
priate closest matched item as decided by the research
nutritionists. If no, a GI value of 0 is assigned.

Recipes in the original 2007ANCNPAS database were recor-
ded as individual ingredients, and GI values were assigned
to the individual ingredients rather than the recipe as an
item. It was not envisaged to significantly affect the final
mean dietary GI or GL of the participants. This is because the
majority of these recipes (n 3332) were sandwiches, where
the GI of the recipe was not anticipated to be significantly
different from the main CHO component(s) in the recipe.

There were a total of 3418 different food items recorded in
the 24 h recalls. Items with similar expected glycaemic effects
and nutritional properties were grouped together for this
analysis. The details of food groupings used in this analysis
can be found in Table S1 of the supplementary material (avail-
able online at http://www journals.cambridge.org/bjn).

Following the aforementioned method, 1075 (31-5%) food
items that contained <5g of CHO per 100 g were assigned a
GI of 0 (step 1), whereas 1829 (53-5%) items were assigned
the GI value of a ‘closely related’ food item or an exact
match in the GI databases used (step 2). A total of 239
(7-0%) items were assigned the median GI of their corre-
sponding food subgroups (step 3), while 275 (8:0%) items
were assigned a GI of 0 because they were not the ‘top carbo-
hydrate contributors’, and ten items in the ‘top carbohydrate
contributors’ list (0-:3%) were assigned a GI of 50 (step 4).
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Calculation of the glycaemic load and dietary
glycaemic index

The GL of each food item was calculated as the corresponding
GI (%) X amount (g) of available CHO in a serve of that food.
The daily dietary GL of each subject was calculated as 3GL,
and the dietary GI was obtained by (dietary GL/total available
CHO intake in the day) X 100 %.

Statistical analysis

In order to increase the representativeness of the analyses,
specific sample weighting was applied for all statistical ana-
lyses to account for over sampling in the age group of 2-3
years and in South Australia. Nutrient intakes and dietary GI
and GL were analysed as the mean of the two 24h recalls.
One-way ANOVA was used to test for differences in dietary
GI and GL between the groups. Age- and sex-specific
energy-adjusted nutrients/dietary GI residuals were calculated
by linear regression, with nutrient of interest/dietary GI as the
dependent variable and daily energy intake as the indepen-
dent variable. Pearson’s y 2 test was used to test for differences
in numbers of male participants, indigenous participants and
participants from urban area across the age groups. Trends
for mean dietary GI and GL across age groups were tested
by linear regression, with age in years (continuous) as the
independent variable and GI and GL residuals as the depen-
dent variable. Pearson’s correlation coefficients (by age
group) between dietary GI and percentage energy from
macronutrients and Ca were calculated: model 1 included
adjustment for sex and BMI Z-score; model 2 calculated the
correlation between the age- and sex-specific energy-adjusted
residuals of dietary GI and percentage energy from macronu-
trients as well as from Ca, with additional adjustment for BMI
Z-score. Per consumer analysis included only subjects who
had reported the consumption of food item(s) in the food

groups tested. The Kruskal-Wallis test was used to test for
differences in the GL contribution between boys and girls,
as these were not normally distributed. A P value <0-05 was
considered to indicate statistical significance. All statistical
analyses were carried out using Statistical Packages for
Social Science version 17.0 (SPSS Australasia Private Limited,
North Sydney, NSW, Australia).

Results

Subjects excluded from the analysis (17 460) were older (11-1 v.
83 years; P < 0-001) and had higher BMI (22'5 v. 18:3kg/m?;
P < 0-001) than the included subjects. There was also a higher
proportion of girls among the excluded subjects (578 wv.
48:9%; P < 0-001).

The weighted mean dietary GI and GL of the study popu-
lation were 54-1 (sp 47) and 1356 (spD 43-9), respectively.
No significant difference by sex was detected for dietary GI,
but boys had a significantly higher dietary GL than girls
(1455 (sp 474) v. 1249 (sp 37:0); P < 0-001). There was no
significant difference by state of residence (data not shown).
Table 2 outlines the mean daily intake of select macro- and
micronutrients by age groups of the participants. The age-
dependent increase in total energy intake was accompanied
by an increase in percentage energy from starch, as well as
a decrease in percentage energy from sugars and CHO.
There was no significant trend in GI or GL as age increased,
but children aged 2-3 years had significantly lower GI and
GL than their older counterparts. Fibre density showed signifi-
cant decreasing trends.

Table 3 shows Pearson’s correlation coefficients between
dietary GI and selected macro- and micronutrients, stratified
by age groups. Energy from non-glycaemic macronutrients
was inversely associated with dietary GI. Among CHO,
percentage energy from sugar was inversely associated with
dietary GI, while percentage energy from starch was strongly

Table 2. Daily intake of selected macronutrients, fibre and demographics of the subjects by age group

(Weighted mean values and standard deviations)

2-3 years 4-8 years 9-13 years 14-16 years

Mean SD Mean SD Mean SD Mean SD P*
n 1068 1181 1019 916 -
BMI (kg/m?) 241 84-9 183 41.2 211 44.2 21.5 16-6 0-070
Male (%) 511 51.2 51-6 54-6 0-447
Urban (%) 73-0 69-2 67-5 70-0 0-122
Indigenous (%) 2.7 2.4 34 31 0-492
Dietary GI 521 4-8 54-1 4-4 54.7 4-6 54.-6 5.0 0-108
Dietary GL 97-8 25.7 122.2 31.8 1491 40-5 164-3 50-9 0-066
Energy (kJ) 5966-9 1263-1 7240-7 1615-8 8776-2 2003-9 9956-2 2521.5 1 <0-001%
Energy from fat (%) 31.0 5.5 31.2 5-6 314 54 32:2 56 1 <0-001t
Energy from saturated fat (%) 141 3-5 141 3-4 141 32 141 34 0-131
Energy from protein (%) 17.0 3-3 16-8 34 170 3.7 175 4.0 10-001t
Energy from carbohydrates (%) 53-1 6-4 53.2 67 528 6-6 51-3 67 | <0-001%
Energy from sugars (%) 279 6-3 26-4 6-5 25.3 6-4 24.0 6-6 ]l <0-001t
Energy from starch (%) 24.8 6-1 26-3 5.9 270 6-2 26-8 5.9 1 <0-001t
Fibre density (g/MJ) 2.7 09 27 0-8 25 0-8 25 0-8 | <0-001%

Gl, glycaemic index; GL, glycaemic load.

* P values represent P for trend except for male (%), urban (%) and indigenous (%), which were tested by x 2 test, and for BMI that was tested by one-way ANOVA.
1 1 and | preceding P for trend indicate the direction of trend.
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Table 3. Pearson’s correlation coefficient between dietary glycaemic index (Gl) and selected nutrient intakes of the subjects by age group

2-3 years 4-8 years 9-13 years 14-16 years

Model 1* Model 21 Model 1*

Model 2t Model 1* Model 21 Model 1* Model 2t

Dietary GL 0-44 0-70 0-40
Energy from fat (%) -0-19 -0-20 -0-12
Energy from saturated fat (%) -0-28 -0-29 -0-21
Energy from protein (%) -0-22 —-0-22 -0-14
Energy from carbohydrates (%) 0-27 0-27 0-17
Energy from sugars (%) -0-16 -017 -0-20
Energy from starch (%) 0-44 0.-45 0-41
Fibre density (g/MJ) 0-02% 0-02% -0-09
Ca (mg) -0-37 —0-44 -0-31

0-64 0-35 0-63 0-44 0-70
-0-12 —0-15 -0-14 -0-17 —0-18
—0-21 —0-28 —0-28 -0-25 —-0-27
—0-14 —0-10 -0-11 -0-15 —0-16

017 0-18 0-17 0-23 0-24
—0-20 —0-16 -0-16 -0-10 —0-10

0-41 0-34 0-34 0-34 0-35
—0-09 —0-08 —0-09 -0-14 —0-13
-0.37 —0-34 —0-38 —0:-31 —0-37

GL, glycaemic load.
* Correlation between dietary Gl and the nutrient variables, adjusted for sex, BMI Z-score.

1 Correlation between dietary Gl and the nutrient variables (as age-, sex- and energy-adjusted residuals), adjusted for BMI Z-score.

1 Correlation coefficient values were not statistically significant.

positively associated with dietary GI. A weak inverse corre-
lation between fibre density and dietary GI was also found
for all age groups, but not for the age group of 2-3 years,
and Ca was found to be strongly inversely associated with
dietary GI. Percentage energy from saturated fat was also
negatively associated with dietary GI.

Table 4 shows the number of consumers for the top
twenty GL-contributing food groups by age groups, while
Table 5 shows the mean GL contribution by the top twenty
GL-contributing food groups stratified by age groups. At age
2—3 years, the main contributors to the GL were fruit, break-
fast cereals and white bread, while at age 14-16 years,
white bread, breakfast cereals, cakes, pastries and doughnuts
as well as soft drinks ranked among the top contributors.
There were significant increases in percentage GL contributed
by energy-dense and/or nutrient-poor foods such as soft
drinks, white breads, high-fat potatoes and fast foods across
age groups, while that for nutrient-dense foods such as
fruit, milk and yogurt was found to be decreasing across
age groups.

Per consumer analyses found that for all food groups,
except fruit and milk, the daily absolute dietary GL contri-
bution was increasing across age groups. Notably, the daily
dietary GL contributed by white breads and that by energy-
dense and/or nutrient-poor items such as cakes, pastry and
doughnut, salty snacks and soft drinks, etc. in subjects aged
14—16 years was nearly or more than doubled that of their
2—3-year counterparts. Increases in nutrient-dense food
groups across age group were more modest. When examined
by sex (Table 6), per consumer analysis revealed that
girls across all age groups had a significantly less percentage
GL and daily GL from breakfast cereals, and older girls
had less daily GL from confectionery and soft drinks than
younger girls.

Discussion

The present study is the first to investigate the dietary GI
and GL of a nationally representative sample of children and
adolescents. We have shown that Australian children and
adolescents were having a significant proportion of their

dietary GL from energy-dense and/or nutrient-poor food
items, and these proportions were found to increase with
age. The present results also suggest that Australian children
and adolescents were having a high-GI dietary pattern charac-
terised by high starch and low Ca intake. Apart from low
Ca intake, overall, the nutritional intake of 2007ANCNPAS
participants appeared to be satisfactory, with most of the
participants meeting the estimated average requirement for
key micronutrients"®.

As expected, GI correlates positively with GL of which it is a
component (model 1). Correlations are enhanced once poten-
tial variations due to differences in energy intake are
accounted for (model 2), i.e. when GL can no longer vary
due to increases or decreases in CHO. With this adjustment,
GL variations are theoretically reduced to those attributable
to exchanging CHO for protein or fat intake and to variations
in GI itself, which explains the high correlation between this
energy-adjusted GL and GI.

The weak negative correlation between percentage energy
from sugar and GI suggested that the popular belief that
high intake of sugary foods increases the dietary GI may be
incorrect, at least among Australian children and adolescents.
Fibre density, unlike Buyken et al."” who showed a strong
significant negative trend across GI tertiles, was only modestly
correlated with GI in an inverse fashion. While soluble or vis-
cous fibre is able to reduce the digestion rate of CHO by limit-
ing the access of enzyme to the CHO (hence lowering the GD),
insoluble fibre, when finely milled, e.g. in wholemeal flour,
has no or minimal effect on glucose absorption rate because
it does not block the access of enzymes to the CHO. There-
fore, foods high in finely milled insoluble fibre may still
have a high GI, e.g. wholemeal breads, and the consumption
of these foods seemed to be higher in the 2007ANCNPAS
population than those in the DONALD study. The
AUSNUT2007 database used for this analysis unfortunately
did not allow for the separation of the two types of fibre,
thus disallowing further analysis.

There have been few investigations into the dietary GI and
GL among children and adolescents in large samples or
national surveys. A Canadian study of 4936 adolescents aged
9-17 years has reported a mean GI and GL of 55 and 1447
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Table 4. Number of consumers for the top twenty glycaemic load-contributing food groups by age group

All subjects 2-3 years 4-8 years 9-13 years 14—-16 years
Total Boys Girls Total Boys Girls Total Boys Girls Total Boys Girls Total Boys Girls @)
a
Biscuits* 2859 1464 1395 447 234 213 1079 544 535 909 466 443 424 220 204 g
Cakes, pastry and doughnuts* 2626 1333 1293 309 165 144 924 448 476 911 461 450 482 259 223 =
Confectionery* 2752 1391 1361 324 168 156 1021 527 494 926 462 464 481 234 247 ?%
Cordial* 1206 642 564 154 83 7 413 214 199 426 216 210 213 129 84 g
Fast foods* 1541 841 700 133 71 62 463 248 215 571 302 269 374 220 154 g
High-fat potatoes* 1584 809 775 182 88 94 532 281 251 530 258 272 340 182 158 )
Salty snacks* 1898 1029 869 174 91 83 725 389 336 660 360 300 339 189 150 =3
Soft drinks* 1829 1036 793 103 53 50 497 274 223 766 431 335 463 278 185 %
Sugars* 2811 1477 1334 373 192 181 1019 533 486 928 488 440 491 264 227 s
Breakfast cereals 3032 1666 1366 455 232 223 1149 603 546 954 528 426 474 303 171 <
Cows’ milk (excluding 3640 1938 1702 517 264 253 1320 683 637 1183 629 554 620 362 258 ?
flavoured milk) z
Fruit and/or vegetable juice 2522 1301 1221 335 174 161 907 485 422 812 403 409 468 239 229 =
and fruit drinks =t
Fruits 3418 1750 1668 513 262 251 1330 675 655 1062 541 521 513 272 241 e}
Mixed-grain breads 928 468 460 166 92 74 363 176 187 242 121 121 157 79 78 “E
Pasta and noodles 1781 937 844 268 142 126 631 335 296 566 291 275 316 169 147 a
Rice 984 519 465 135 65 70 338 175 163 337 185 152 174 94 80 =
Starchy vegetables (including 2090 1058 1032 298 152 146 779 378 401 673 347 326 340 181 159
low-fat potatoes)
White breads 2979 1571 1408 340 173 167 1095 563 532 985 513 472 559 322 237
Wholemeal breads 1027 584 533 187 91 96 432 241 191 332 162 160 176 90 86
Yogurt 1330 682 648 283 147 136 560 281 279 331 174 157 156 80 76

* Energy-dense and/or nutrient-poor food groups.

LLT1
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Table 5. Glycaemic load (GL) contribution by the top twenty GL-contributing food groups by age group

(Mean values and standard deviations)

GL contribution (%) Per consumer daily GL contribution*
2-3 years 4-8 years 9-13 years 14-16 years 2-3 years 4-8 years 9-13 years 14-16 years

Food groups Mean SD Mean SD Mean sSD Mean sD Pyenat Mean SD Mean SD Mean sD Mean SD Pyenat

All participants (n 4184)

Fruit 109 82 81 6-3 54 5-2 4.3 5.2 | <0-001 114 7-8 10-8 74 10-1 75 10-6 87 10-011

Breakfast cereals 107 87 99 85 10-0 95 94 10-8 10-010 13-0 9-2 15.7 114 219 153 26:3 207 1 <0-001

White breads 92 10-6 12.0 11.7 11.7 11.2 12.2 119 10-001 14.8 10-0 197 12.9 233 14.3 277 206 1 < 0-001

Biscuitst 6-9 6-3 64 6-7 4.8 5.7 4.0 5.8 | <0-001 83 6-1 10-5 81 10-6 8-8 123 11.0 1 <0-001

Cows’ milk (excluding 5.9 4.8 37 31 31 26 2.7 2.8 | <0-001 5.9 3-8 4.8 32 5.2 37 5.4 4.3 0-659 )
flavoured milk)t R

Cakes, pastry and doughnuts} 54 7-4 6-6 8-2 7-8 8-7 7-6 9:0 1 <0-001 9-8 8-6 132 11.2 17-3 136 20-0 144 1 <0-001 o

Pasta and noodles 4.4 6-3 4.0 6-3 41 67 4.3 6-9 0-498 9-0 66 11.3 89 14.7 111 17.0 11.8 1 <0-001 =

Confectioneryt 4.3 6-2 55 6-8 5.7 7-0 5.7 79 1 <0-001 7-6 8-2 10-2 10-0 131 12.3 16-1 18.3 1 < 0-001 5

Fruit and/or vegetable juice 4.2 5.5 4.3 5.4 37 4.9 38 5.0 10-012 6-8 5.6 85 69 92 77 10-3 85 1 <0-001 =3
and fruit drinks e

Wholemeal breads 39 7-0 33 6-4 2.3 5-6 1.9 4.7 | <0-001 10-8 6-9 132 8.0 13-4 92 131 9-0 10-041 :

Rice 34 86 35 8-1 41 92 38 88 10-040 14.7 147 207 164 274 209 313 25.0 1 <0-001 ~

Mixed-grain breads 2.9 5.9 2.3 5.3 1.6 4.3 1.8 4.5 | <0-001 92 6-3 10-5 6-8 12:4 84 141 99 1 <0-001

Sugarst 2.9 38 32 3-8 3.0 41 3.0 3-8 0-327 4.3 4.3 5.7 52 6-9 72 78 71 1 < 0-001

High-fat potatoest 2:6 4.9 31 5.5 37 5-8 4.9 72 1 <0-001 80 6-3 10-6 74 14.3 85 17.8 11.4 1 <0-001

Starchy vegetables 25 38 26 39 2.8 41 25 41 0-895 4.4 3-6 5.7 5.3 8-1 6-0 9-0 7-0 1 <0-001
(including low-fat potatoes)

Yogurt 2.3 34 1-3 2.3 0-7 1.7 0-6 1.7 | <0-001 4.3 32 39 33 4.3 33 4.7 4.0 10-042

Cordialt 21 54 1.8 4.3 22 4.8 21 4.9 0-286 8-1 10-3 87 85 10-8 10-2 12.8 12.5 1 < 0-001

Fast foods} 1.8 4.5 27 5-6 4.2 6-8 5.7 85 1 <0-001 77 7-0 10-6 94 15.2 12.0 195 159 1 < 0-001

Salty snacks} 1.3 2.9 2.3 35 2.6 4.4 22 3.9 1 <0-001 4.0 41 5.8 51 8.0 77 8.0 77 1 <0-001

Soft drinkst 1.0 2-8 2:4 4.7 51 6-7 6-6 87 1 <0-001 5.8 5.0 89 8.0 14.3 115 189 16-8 1 < 0-001

* See Table 4 for the number of each cell.
1 1 and | preceding P for trend indicate the direction of trend.
1 Energy-dense and/or nutrient-poor food groups.
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Table 6. Glycaemic load (GL) contribution by the top twenty GL-contributing food groups by age group and sex
(Mean values and standard deviations)

Percentage of GL contribution (%) Per consumer daily GL contribution*
2-3 years 4-8 years 9-13 years 14-16 years 2-3years 4-8 years 9-13 years 14-16 years
Food groups Mean sD Mean sD Mean sD Mean sD Pyenat Mean sD Mean sD Mean sD Mean sD PyendT
Boys only (n 2134)
Breakfast cereals 115 94 103 87 112 98 116 113 0-084 146 106 171 132 248 171 29.5 20-8 1 < 0-001
Fruit 10-9 83 79 62 4.9 4-9 39 4.9 | <0-001 1.7 82 113 76 101 79 108 9-0 10-015
White breads 94 108 118 1.2 12.0 114 129 11-8 1 < 0-001 156 105 202 13-4 25.0 154 305 226 1 < 0-001
Biscuits} 67 6-0 6-4 67 4.7 5.7 38 54 | < 0-001 83 63 114 84 11.3 95 133 109 1 < 0-001
Cows’ milk (excluding flavoured milk) 5-9 4-6 36 2.8 33 26 3.0 2.8 | < 0-001 6-0 37 5.0 33 58 4.0 6-2 4.5 10-003
Cakes, pastry and doughnutst 5.5 7-5 6-0 7-9 7-3 8-5 6-7 8-0 10-023 9-8 8-4 13-4 11.5 17-6 14.3  20.0 14.6 1 < 0-001
Fruit and/or vegetable juice 4.3 5.4 4.4 5.5 35 58 4.6 6-9 1 < 0-001 72 5.7 9.0 7-4 95 64 113 10-0 1 < 0-001
and fruit drinks
Pasta and noodles 4.2 5.9 39 6-1 4.0 6-6 4-0 6-4 0-943 86 64 115 96 155 112 181 12.5 1 < 0-001
Confectioneryf 41 57 5.7 72 54 6-6 51 77 0-552 72 71 10-9 11.0 140 129 179 21-0 1 < 0-001
Wholemeal breads 39 71 3-6 6-4 22 5.4 1.8 4.5 | < 0-001 1.7 70 138 79 137 99 14.0 89 0-359 %
Mixed-grain breads 31 58 22 5.0 1.5 41 1.7 4.5 | < 0-001 95 63 11.0 72 128 79 157 117 1 < 0-001 Iy
Rice 3.0 77 36 8:5 4.3 94 35 8-6 0-189 137 115 223 169 289 21.8 337 30-2 1 < 0-001 ]
Sugarst 3.0 39 32 39 31 4.2 29 37 0-919 4.5 4.3 6-0 5.5 72 7-6 82 7-3 1 < 0-001 ik
Starchy vegetables 25 3-6 2:2 35 28 41 25 4.0 0-397 4.5 34 5.6 52 8-6 62 101 77 1 < 0-001 3
(including low-fat potatoes) 2
High-fat potatoest 2.5 4.9 31 53 35 5.8 4-6 69 1 < 0-001 81 6-1 10-8 75 156 94 186 10-8 1 < 0-001 5
Cordial 24 6-2 1.8 4-3 21 4.7 2-3 52 0-847 9-0 12:2 91 9-1 11.2 107 139 141 1 < 0-001 e
Yogurt 24 35 1.3 2.4 0.7 1.7 0-6 1.8 | < 0-001 4.5 34 4.2 4-0 4.7 38 51 4.7 0-083 a
Fast foodst 2.0 4.8 2.7 5.4 41 65 6-3 8-6 1 < 0-001 83 81 107 99 154 130 215 15-8 1 < 0-001 4]
Salty snackst 1.3 2:6 25 39 28 4.7 2.2 3-8 10-030 39 33 62 6-0 8-6 84 8:5 79 1 < 0-001 o
Soft drinkst 0-9 25 2.7 51 5.6 6-8 7-6 95 1 < 0-001 53 4.2 9.7 88 155 125 214 186 1 < 0-001 =
Girls only (n 2050) z
Fruit 10-9 82 82 65 6-0§ 54 4-9§ 54 | < 0-001 11.0 74 102§ 73 102 70 105 83 0-260 z
Breakfast cereals 99t 8.0 9-4§ 84 86§ 88 6-6§ 94 | <0-001 11.4§ 72  14.0§ 86 184§ 117 206§ 193 1 < 0-001 =
White breads 91 103 12 11.3 114 109 113 12.0 0236  14-1 95 192 123 213§ 12.8 23.8§ 168 1 < 0-001 =t
Biscuits} 71 6-6 6-3 6-8 4.9 5.7 4.3 62 | < 0-001 84 5.9 95 7-6 99 79 112 1141 1 < 0-001 A
Cows’ milk (excluding flavoured milk) 6-0 4.9 37 3-3 2.9§ 2.7 2.2§ 2.8 | < 0.001 5.7 4.0 4.6§ 31 4.5§ 3.2 4.2§ 3-8 | < 0.001 E
Cakes, pastry and doughnutst 5.3 7-4 7-2§ 8-4 8-3 9.0 8-7§ 10-0 1 < 0-001 9.7 8-8 131 10-8 169 12.9  20.0 14.3 1 < 0-001 a
Pasta and noodles 4-6 6-6 4.0 6-5 4.2 6-8 4.7 7-5 0-357 94 68 111 80 137 11.0 158 10-8 1 < 0-001 g
Confectioneryt 4.5 6-8 53 6-4 6-0 7-4 6-6§ 81 1 < 0-001 8.0 94 9-4§ 87 121§ 11.7 144§ 151 1 < 0-001
Fruit and/or vegetable juice and 41 5.6 4-0 54 39 5-3 4-3§ 51 0-872 65 5.5 80§ 6-2 9-0 8-8 9-2§ 64 1 < 0-001
fruit drinks
Wholemeal breads 39 6-9 31 6-4 25 5.7 21 5.0 | < 0-001 99 6.7 125 81 131 85 122 9-0 10-037
Rice 3-8 94 33 77 3.9 89 4.2 9-0 0-108 157 17.2 191 156 255 196 285 16-9 1 < 0-001
High-fat potatoest 2.7 4.9 32 5.7 39 5.7 5.2 7-6 1 < 0-001 7-8 64 103 72 131§ 74 169 119 1 < 0-001
Mixed-grain breads 2.7 5.9 25 5-6 1.7 4.5 1.9 4.4 |l < 0-001 88 6-4 9.9 63 121 89  12.4§ 75 1 < 0-001
Sugarst 2.7 3-8 3-1 37 3.0 39 32 4.0 0-122 4.0 4.2 5.3t 4.8 6-5 67 74 7-0 1 < 0-001
Starchy vegetables 2.5 39 2.9§ 4.3 28 4.0 26 4.2 0-564 4.2 39 58 53 7-6§ 5.7 7-8§ 5.9 1 < 0-001
(including low-fat potatoes)
Yogurt 22 33 1.3 22 07 1.6 07 1.7 | <0-001 41 2.8 36§ 2:4 3-9§ 2.7 43 29 0-303
Cordialt 1.8 4.4 1.8 4-3 2.3 5.0 1.8 4.4 0-172 7-0 74 82 78 104 97 1141 92 1 < 0-001
Fast foodst 1.7 41 2.8 58 4.4 71 5.0 83 1 < 0-001 71 53 106 88 15.0 109 167§ 156 1 < 0-001
Salty snackst 1.3 31 21 31 2:4§ 41 2.2 4.0 1 < 0-001 4.2 4.9 5.4§ 39 7-2§ 6-6 7-4 7-4 1 < 0-001
Soft drinkst 141 32 21§ 4.2 4.5§ 6-5 5-3§ 7-5 1 < 0-001 62 5.7 7-9§ 6-8 129§ 100 153§ 129 1 < 0-001

* See Table 4 for the number of each cell.

1 1 and | preceding p for trend indicate the direction of trend.

1 Energy-dense and/or nutrient-poor food groups.

§ Mean values were significantly different from those of boys in the same age group (P<0-05).
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A small Ttalian study of 105 children aged 8 years, which
assessed the subjects’ diets with a validated FFQ, has produced
similar findings to the present study. The mean dietary GI and
GL were found to be 58 and 145, respectively, and boys were
found to have a higher GL but not a higher GI than girls. A
Danish study™® of 849 children aged 10 and 16 years has also
found that boys were having a higher dietary GL than girls.
However, the dietary GL reported (mean GL for boys 231
(sp 67)) was much higher than that found in the present study
for the 9—16-year-olds, and only 1d of recall was obtained.
The DONALD study'® found the dietary GI and GL of children
at 2 years to be 52 and 63, and these were shown to have
increased to 56 and 113 in 5 years, respectively, though not
statistically significant. The present results showed thatalthough
there was no trend for GI or GL as age increases, older (=4
years) children had a significantly higher GI and GL than their
2—3-year counterparts. Higher percentage GL from dairy
foods and fruits, both having low GI, among participants aged
2—3 years may explain such a difference. The concurrent
increase in dietary GI with age also suggests that older respon-
dents were selecting more high/higher-GI foods in their diet.

A decrease in percentage energy from sugars with age was
found, which seemed contradictory to the fact that daily GL
from energy-dense and/or nutrient-poor foods, which were
mostly sugary in nature, was increasing with age. Indeed,
the DONALD study™ has shown that the percentage energy
from added sugars increased from 9-5 to 14:2% in 5 years.
Unfortunately, the AUSNUT2007 database used in this analysis
did not allow the separation of added sugars from naturally
occurring sugars.

An increase in percentage energy from starch with age was
also observed, and this may partly explain the increase in diet-
ary GI with age, as most starchy foods, especially those that
are highly processed, are of high GI. Most of the subjects’ diet-
ary GL was from white breads and other energy-dense and/or
nutrient-poor foods, such as soft drinks, high-fat potatoes,
high-sugar, low-fibre breakfast cereals, cordial, etc. These
foods have a moderate/high GI, and provide a small amount
of fibre/nutrients or are high in energy, or both, making
them poor dietary choices. Age-stratified analyses revealed
that older respondents were having more of their dietary GL
from energy-dense and/or nutrient-poor foods, and less
from fruits.

Very few data are available for the food types contributing
to the dietary GL among children and adolescents. The pre-
sent findings differed from that of the German DONALD
study™”, which showed that German children in the study
had high relative contributions to dietary GL by bread and
rolls, as well as by milk and dairy products, and that contri-
butions by breakfast cereals and cereal grains were lower
than that of the Australian children in the present study. This
suggests that the contribution to GL by different foods is
specific to the food habits of the respective countries. How-
ever, ‘tolerated food groups’ (similar to the energy-dense
and/or nutrient-poor foods described in the present study)
contributed to a significant proportion of the subjects’” GL
in both studies, which raised concerns that the diets of these
children were suboptimal.

Both high dietary GI and GL have recently been found to be
associated with higher risk for chronic diseases” ~*??. The
development of chronic diseases usually occurs slowly over
a long period, and it has been suggested that long-term dietary
behaviour could be shaped during childhood and adoles-
cence®~?_ Lowering the dietary GL may therefore be an
effective, yet simple and easy strategy for Australian children
and adolescents to reduce the risk of developing these chronic
diseases in later life. In theory, by reducing the GI of the food
items and/or the amount of CHO eaten could reduce the diet-
ary GL. However, reducing the amount of CHO eaten could be
difficult for people who follow a traditionally high-CHO diet,
e.g. Asians. Utilising low- or lower-GI alternatives of their
traditional staple foods, e.g. basmati rice for jasmine rice,
is therefore a more suitable strategy to be employed(M) .

A particular strength of the present study is the use of a pub-
lished method for assigning GI values to the food items in the
2007ANCNPAS food database. Based on this method, we
assigned GI values to around 85% of the food items in the
first two steps, which utilised the current best available
sources of GI values, therefore increasing the reliability of
the GI values assigned. The use of a nationally representative
sample (through sample weighting) also increased the gener-
alisability of the findings.

However, there are several limitations to the present study.
Despite being a suitable dietary assessment method to be used
for a large number of subjects, the evidence to support the use
of a 24h dietary recall in children is limited, and it has been
argued that an accurate dietary assessment among children
is especially difficult®. Parental recall of food intake, as in
the case for children aged 8 years or below in the present
study, had been suggested to be unreliable, especially when
the reporting parent was away from home for more than 4 h/
d (e.g. working)®>. This is likely to result in under-reporting
and may hence contribute to inaccuracy at an individual
16=2 " Children who reported their own food intake
were also likely to inaccurately recall their food intake, due
303D and unfamiliarity of
the food®®, which may lead to misreporting, as well as infor-
mation overload (e.g. large number of foods to report) that is
likely to result in under—reporting(ﬁ).

By using the Goldberg cut-off for a specific PAL metho
we have excluded under- and over-reporters based on a scien-
tifically accepted methodology, which is likely to increase the
plausibility of the present findings. However, we were unable
to detect incorrectly recalled foods in the database based on
this method, which could possibly affect the calculated GI
and GL, e.g. a low-GI mixed-grain bread may have been
reported as ‘brown bread’, which could be subsequently
coded as wholemeal bread, a high-GI food. We were also
unable to exclude the possibility of residual error.

In addition, dietary intake may vary from day to day, and
therefore data obtained from two 24h recalls may not be
representative of the habitual intake of an individual®??. A
7d food record would be ideal, but the large-scale nature of
the 2007ANCNPAS made this impractical. It is also highly
demanding on the participants and may result in a low

leve

to incorrect identification of foods

a6
d-,

response rate, i.e. data are not representative any more.
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Also, while the two 24 h recalls for the same participant were
collected only 7—21d apart, the data collection for the whole
study population spanned across autumn and winter in
Australia, which may have arguably affected the consumption
patterns of seasonal foods. Importation may have reduced the
likelihood of unavailability of seasonal fruit and vegetables,
though the higher price associated with it may still affect
the consumption patterns. However, there are no notable
differences in the availability of fruit and vegetables between
autumn and winter in Australia®>.

In conclusion, the present results suggest that Australian
children and adolescents were having a high-GI dietary pattern
characterised by high starchy food intake and low Ca intake. A
significant proportion of their dietary GL was from energy-
dense and/or nutrient-poor foods. Effort should be made to
encourage the replacement of high-GI, energy-dense and/or
nutrient-poor food items for nutrient-dense low-GI foods
to simultaneously lower the dietary GI and GL and improve
the dietary quality of Australian children and adolescents.
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