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Abstract

The diversity of the associations of dietary glycaemic index (GI) and glycaemic load (GL) with dietary intake and body fatness observed in

epidemiological studies may be partly due to the differences in underlying dietary intake patterns. We examined the cross-sectional associ-

ations of dietary GI and GL with food and nutrient intakes and indices of body fatness in 818 children aged 4–10 years and 818 adolescents

aged 11–18 years in Britain, based on the data from the National Diet and Nutrition Survey. Dietary intake was assessed using a 7 d

weighed dietary record. Overweight was defined as BMI $85th percentile of the age- and sex-specific British growth reference data. Cen-

tral obesity was defined as waist:height ratio (WHtR) $0·5 (adolescents only). Breads, breakfast cereals and potatoes were the positive

predictive food groups for dietary GI, while dairy products, fruit juice, other cereals and fruit were the negative predictors. Dietary GL

was closely correlated with carbohydrate intake. Dietary GI showed no associations with overweight or central obesity. Conversely, dietary

GL showed an independent association with a higher risk of overweight in children and a higher risk of central obesity (but not over-

weight) in adolescents. However, dietary GI and GL were not associated with BMI z-score in children and adolescents or WHtR in ado-

lescents. In conclusion, the present study showed that dietary GL was independently associated with overweight in children and with

central obesity in adolescents. Nevertheless, given no associations when body fatness measures were treated as continuous variables,

the results must be interpreted cautiously.
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The increasing prevalence of overweight and obesity in

children and adolescents is now a major public health concern

in many countries. Excess body fatness has been shown to not

only adversely affect children and adolescents by reducing

their health-related quality of life(1,2), but is also associated

with several risk factors for later heart disease and other

chronic diseases(3,4). As established body fatness is difficult

to treat successfully, investigation of modifiable lifestyle fac-

tors that influence body fatness in children and adolescents

is a high public health priority.

Glycaemic index (GI) and glycaemic load (GL) have

received increasing attention in this regard. GI is defined as

the incremental area under the blood glucose response

curve of carbohydrate in a food expressed as a percentage

of the response to carbohydrate in a reference food (usually

glucose), and thus represents the quality of carbohydrate(5).

GL is the product of the GI and the carbohydrate content of

the food, and thus represents both the quality and quantity

of carbohydrate(6). A diet with a low GI or GL, due to the

slower blood glucose and insulin response following con-

sumption, is hypothesised to stimulate increased satiety and

reduce voluntary energy intake (EI)(7), reduce fat storage by

regulating fuel partitioning(8), limit the decrease of resting

energy expenditure in the fasting state(9) and, in turn, prevent

the accumulation of body fat(10). However, epidemiological

studies of dietary GI and GL in relation to the measures of

body fatness in free-living children and adolescents are limited

and have yielded inconsistent findings(11–19).

These heterogeneous results may be due in part to

the differences in underlying dietary intake patterns. While

evidence in children and adolescents is limited(12,13,19–21),

studies in adults have shown that the strength and direction

of the associations of dietary GI and GL with particular

food groups and nutrients vary considerably depending on

the cultural food context(22–27). For example, while dietary

GI was positively associated with carbohydrate and negatively
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with protein and fat in children in Italy(13), Australia(21) and

Japan(12), a German study showed no associations with carbo-

hydrate or fat with a negative association with protein(19,20).

Conversely, dietary GL was associated positively with car-

bohydrate and negatively with protein and fat in both

German(19,20) and Japanese(12) children, despite a large differ-

ence in food habits.

Additionally, associations between dietary GI and GL

and measures of body fatness may be confounded by mis-

reporting of dietary intake, a serious problem in all dietary

surveys(28–32). For example, studies in adults have shown

different associations between dietary GI and GL and BMI

in a separate analysis of low-energy reporters and non-

low-energy reporters(23,27). This issue has not been investi-

gated in children and adolescents.

Therefore, the primary aim of the present study was to

explore the associations of dietary GI and GL with food and

nutrient intakes and indices of body fatness in British children

and adolescents. The secondary aim was to examine the

impact of misreporting of EI on these associations.

Subjects and methods

Survey design

The present cross-sectional study was based on the data from

the National Diet and Nutrition Survey (NDNS): young people

aged 4–18 years. Data from the NDNS were obtained from

the UK Data Archive, University of Essex. Full details of the

rationale, design and methods of the survey have been

described elsewhere(33). Briefly, the sample was randomly

selected from 132 randomly selected postal sectors within

mainland Great Britain. Eligibility was defined as being aged

4–18 years. Only one eligible person per private household

was selected at random. Data collection was conducted

during a 12-month period (January–December 1997). The

present study was conducted according to the guidelines

laid down in the Declaration of Helsinki, and all procedures

involving human subjects were approved by the National

Health Service Local Research Ethics Committee covering

each of the postal sectors. Verbal informed consent was

obtained from all subjects and their parents/guardians.

Verbal consent was witnessed and formally recorded.

Anthropometric measurements

All anthropometric measurements were performed in dupli-

cate by trained fieldworkers, and the mean value of two

measurements was used in the analysis. Height (to the nearest

0·1 cm) and weight (to the nearest 0·1 kg) were measured

while subjects were barefoot and wearing light clothes only.

BMI (kg/m2) was calculated as weight (kg) divided by

height (m) squared and converted age- and sex-specific

z-score according to British growth reference data(34).

Overweight (including obesity) was defined as BMI $85th

percentile of the age- and sex-specific growth reference

data(34). For subjects aged $11 years, waist circumference

was also measured at the midpoint between the iliac crest

and the lower rib (to the nearest 0·1 cm). Waist:height ratio

(WHtR) was calculated as waist circumference divided by

height, and central obesity was defined as WHtR $0·5(35).

Dietary assessment and calculation of dietary glycaemic
index and glycaemic load

Dietary data were collected by a 7 d weighed dietary record.

A detailed description of the procedure has been published

elsewhere(33). Briefly, the subject, the parent or both, depend-

ing on the age of the subject, were asked to keep a weighed

record of all food and drinks consumed by the subject, both in

and out of the home, over seven consecutive days. They were

supplied with a set of digital food scales and recording diaries

and given by trained interviewers both written and verbal

instructions on how to weigh and record items in the diary,

with an example of recording diary. When weighing was

not possible (e.g. eating out), they were asked to record as

much information as possible, including its brand name, the

portion size consumed and details of any leftovers. Trained

interviewers, who were responsible for coding the diaries, vis-

ited the household at least twice during the recording period

and checked the completeness of food recording, and, if

necessary, additional information was added. All the collected

diaries were checked by trained nutritionists, who were

responsible for converting descriptions of portion sizes to

weights and all aspects of the diary, including coding,

recorded weights and descriptions of items consumed. Esti-

mates of daily intake for foods, energy and selected nutrients

were calculated from the records of food consumption based

on the Food Standards Agency nutrient databank(36), which is

based on McCance and Widdowson’s composition of foods

series(37) and manufactures’ data where applicable.

To calculate dietary GI and GL, GI values were assigned to

individual food items (n 4238) in the dietary record, according

to the following strategy developed based on previous

studies(38–40). GI values were obtained from the latest inter-

national table of GI(41).

Step 1. Determine whether the item has ,0·5 g of carbo-

hydrate (sum of sugars and starch) per 100 g. If yes, assign a

GI value of 0 (n 470; 11·1 %). If no;

Step 2. Determine whether there is a direct link to a food in

the international GI table. If yes, assign that value (n 717;

16·9 %). If no;

Step 3. Determine whether there is a closely related food

(based on macronutrient and fibre content) in the inter-

national GI table. If yes, assign that GI value (n 2511;

59·2 %). If no;

Step 4. Determine whether the median GI value of the

food subgroup is available. If yes, assign the median GI

value of the subgroup (n 95; 2·2 %). If no;

Step 5. Determine whether the item is categorised to one

of the following: vegetables, dairy products, sauce, dressing,

alcoholic beverages and flour. If yes, assign the following

nominal GI value(39,41): 40 for vegetables; 30 for dairy pro-

ducts; 60 for sauce; 30 for dressing; 65 (GI of sucrose) for

alcoholic beverages; and the GI value of bread made from

the same flour for flour (n 380; 9·0 %). If no;
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Step 6. Determine whether the item is categorised to one of

the following: fats, egg, fish, meat, tea, coffee, spice and sugar-

free foods or beverages. If yes, assign the nominal value of 0

(n 49; 1·2 %). If no;

Step 7. Assign a nominal GI value of 0 or 50, depending on

carbohydrate content (n 16; 0·4 %).

Glucose was used as the reference (GI for glucose 100).

Where possible, foods were given GI values that were derived

from groups of eight or more healthy subjects with an appro-

priate methodology (i.e. Table A1 in the international GI table;

n 4105; 96·9 %). If the only relevant value was available from

studies in subjects with diabetes or impaired glucose meta-

bolism, from studies using too few subjects or showing wide

variability (i.e. Table A2 in the international GI table), this

value was used. Where relevant (e.g. breakfast cereals and

breads), only GI values from studies carried out in the UK

were used. If more than one eligible GI value was available

for a given food, we assigned the mean of the GI values.

Dietary GL was calculated by multiplying the GI value of

each individual food item by the amount (g) of carbohydrate

consumed from that food item, and then summing the pro-

ducts divided by 100. Dietary GI was calculated by dividing

dietary GL by the total amount (g) of carbohydrate consumed,

and then multiplying this value by 100.

Assessment of non-dietary variables

The socio-economic status of the head of the household

(i.e. occupational social class) was reported and used as a

proxy for children’s social class. The following three categories

were used: manual (i.e. skilled manual, partly skilled and

unskilled occupations: social classes III manual, IV and V);

non-manual (i.e. professional, managerial, technical and

skilled non-manual occupations: social classes I, II and III

non-manual); unclassified.

For subjects aged $7 years, a 7 d physical activity diary was

carried out concurrently with the dietary record. A detailed

description of the procedure has been published elsewhere(33).

Briefly, the subject was asked to provide information on the time

spent being active from a list of prompted moderate, vigorous

and very vigorous activities. Information on activities that

were not already listed and sleep was also provided. Trained

interviewers checked the completeness of records at least

twice during the recording period, and, if necessary, additional

information was added. Subsequently, time spent daily in sleep,

very light, light, moderate, vigorous and very vigorous-intensity

activities was computed for each day of recording. Each type of

activity was assigned a metabolic equivalent (MET) value from a

published table: 1·0 for sleep; 1·5 for very light; 2·5 for light; 4·0

for moderate; 6·0 for vigorous; 10·0 for very vigorous-intensity

activities(42). The number of hours spent per d on each activity

was multiplied by the MET value of that activity, and all

MET-h products were summed to produce a total MET-h score

for the day. They were then divided by 24 h to give a physical

activity level (PAL) value, and classified into four categories

(sedentary (PAL $1·0 to ,1·4), low active (PAL $1·4 to

,1·6), active (PAL $1·6 to ,1·9) and very active (PAL $1·9 to

,2·5)) according to the US Dietary Reference Intakes(43).

For subjects aged#6 years, for which activity diary was not col-

lected, the ‘active’ level was assigned based on a result on total

energy expenditure (TEE) measured by the doubly labelled

water in the NDNS feasibility study(44).

Evaluation of energy intake reporting

We calculated each subject’s estimated energy requirement

(EER), based on information on age, weight, height and

physical activity, with the use of equations published from

the US Dietary Reference Intakes(43). The equations were

developed from a meta-analysis of methodologically sound

studies using doubly labelled water as the criterion measure

of TEE(43). Sex-, age- and weight status-specific equations(43)

were used.

Subjects were identified as acceptable reporters (AR),

under-reporters (UR) or over-reporters of EI based on their

ratio of EI:EER, according to whether the individual’s ratio

was within, below or above the 95 % confidence limits of

the expected ratio of 1·0. The 95 % confidence limits

(^2 SD cut-offs) were calculated according to the following

equation:

95%Confidence limits ¼ ^2 £
p
ðCV2

EI=d þ CV2
EER þ CV2

TEEÞ;

where CVEI is the within-person CV in reported EI; d is

the number of days of dietary assessment; CVEER is the error

in the EER equations; CVTEE is the day-to-day variation in

TEE(45). The values used were 23·5–31·3 % for CVEI (calcu-

lated from the present NDNS data; values varying depending

on the sex–age–BMI stratum), 7 for d, 3·0–6·5 % for CVEER

(based on the US Dietary Reference Intakes data(43,45);

values varying depending on the sex–age–BMI stratum) and

8·2 % for CVTEE (as previously reported from doubly labelled

water studies(46)). As the 95 % confidence limits were found

to be similar across sex–age–BMI strata (26·6–30·0 %),

an average of 28 % was used in the present analysis. Thus,

AR were defined as having EI:EER in the range of 0·72–1·28,

UR as EI:EER ,0·72 and over-reporters as EI:EER .1·28.

Analytic sample

Of the 2672 potentially eligible people identified for the study,

2127 (80 % of the eligible sample) participated in the survey.

For the present analysis, we excluded a total of 443 subjects

with missing information on the variables used (n 182 for

anthropometric data; n 426 for dietary data; n 125 for physical

activity data; some subjects had more than one missing value).

We further excluded forty-eight underweight subjects (i.e. BMI

#3rd percentile of the age- and sex-specific growth reference

data(34)). The final analysis sample comprised 1636 subjects

aged 4–18 years (61 % of the eligible sample).

Statistical analysis

All statistical analyses were performed for children aged 4–10

years (n 818) and adolescents aged 11–18 years (n 818)

K. Murakami et al.1514

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S000711451300072X  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S000711451300072X


separately, using SAS statistical software (version 9.2; SAS

Institute, Inc.). Separate analyses for boys and girls showed

similar patterns of the associations of dietary GI and GL with

dietary intake and measures of body fatness, and tests for

interaction with sex were not significant (data not shown).

We therefore present the results for both sexes combined.

Differences between AR and UR (but not over-reporters

because there were only a few over-reporters) were tested

by the independent sample t test (for continuous variables)

and by the x 2 test (for categorical variables). Stepwise

regression analyses were carried out to investigate the contri-

bution of nineteen selected food groups to the inter-individual

variation in dietary GI and GL. For those food groups contri-

buting at least 1 % variation, multiple regression analyses

were performed, with only those predictive food groups

plus EI as explanatory variables and dietary GI or GL as the

response variable. Associations of intakes of energy and

selected nutrients with dietary GI and GL were investigated

through Spearman’s correlation analyses.

For the investigation of the associations between dietary GI

and GL (independent variables) with measures of body fatness

(dependent variables), dietary GI and GL were categorised at

tertile points based on the distribution. With the use of the

PROC GLM procedure, multivariate-adjusted mean (with

their standard error) values for BMI z-score (and WHtR for

adolescents) were calculated according to tertiles of dietary

GI and GL. Trends of associations were assessed by a linear

regression model that assigned consecutive integers (0–2) to

the levels of the independent variables. Further, using the

PROC LOGISTIC procedure, crude and multivariate-adjusted

OR (and 95 % CI) for overweight (and central obesity for

adolescents) for each tertile category of dietary GI and GL

were calculated, with the lowest tertile category used as the

reference category. Trends of associations were assessed by

a multiple logistic regression model that assigned consecutive

integers to the levels of the independent variables.

Potential confounding factors included in the multivariate

models were age, sex, social class, physical activity, protein

intake, dietary fibre intake and EI:EER, in addition to dietary

fat intake for dietary GI. For the analysis on central obesity,

BMI z-score was also included as a potential confounding

factor. These potential confounding factors were selected

based on a comprehensive literature review of epidemiological

studies on dietary GI and GL and body fatness(11–19,22,23,26,27).

The analyses were conducted not only for the entire population

but also for AR only or UR only.

Values of nutrient intake were energy-adjusted using

the density method (i.e. percentage of energy for energy-

providing nutrients and amount per 10 MJ of energy for dietary

fibre). We used crude values for dietary GI and energy-

adjusted values by the density method (per 10 MJ) for dietary

GL because dietary GI is, by definition, a measure of carbo-

hydrate quality, not quantity, whereas dietary GL is a measure

of the combination of carbohydrate quality and quantity(12).

Use of energy-adjusted values (including dietary GI) by the

residual method(47) did not change the results materially

(data not shown).

Data have not been weighted to take into account known

sociodemographic differences between responders and non-

responders, not only because the impact of this adjustment,

applied as a weighting factor, for nutritional variables was

extremely small and not significant(33), but also because we

were only interested in the relationships between variables,

rather than estimates of prevalence. All reported P values

are two-tailed, and P,0·05 was considered as statistically

significant.

Results

The mean value of EI:EER was 0·84 (SD 0·16) in children and

0·70 (SD 0·18) in adolescents (Table 1). The prevalence of

overweight was 24 % in children and 29 % in adolescents.

The prevalence of central obesity in adolescents was 17 %.

The mean values of dietary GI and GL were 58 (SD 3) and

190 (SD 19) per 10 MJ in children and 59 (SD 3) and 189

(SD 22) per 10 MJ in adolescents, respectively.

The percentages of AR and UR were 80 and 19 % in children

and 47 and 52 % in adolescents, respectively (only six children

(0·7 %) and three adolescents (0·4 %) were classified as over-

reporters). In both children and adolescents, compared with

AR, UR had a lower mean value of EI:EER and EI and a

higher mean value of EER and BMI z-score (and age and

WHtR in adolescents), and were more likely to be girls, phy-

sically active and overweight, be in unclassified social class

(children only) and centrally obese (adolescents only). In

terms of dietary intake, UR had a higher mean intake of pro-

tein (% energy), but a lower mean intake of total fat

(% energy). UR also had a higher mean GI, GL (children

only) and fibre (g/10 MJ, adolescents only).

Irrespective of age, breads, breakfast cereals and potatoes

were the positive predictive food groups for dietary GI,

while dairy products, fruit juice, other cereals and fruit (and

vegetables in children only) were the negative predictors

(Table 2). In total, these food groups accounted for 41 %

(children) and 34 % (adolescents) of the variation in dietary

GI. For dietary GL, 85 % (children) and 88 % (adolescents)

of the variation were explained by major carbohydrate-rich

food groups, all of which showed positive associations

(except for dairy products in children). Food groups identified

as the predictors of dietary GI and GL were relatively similar

in the analysis of only AR or only UR for both children and

adolescents.

Both dietary GI and GL showed no association with EI

(Table 3). Dietary GI was positively associated with starch

and dietary GL and inversely associated with SFA and total

sugars. Dietary GI was also negatively associated with protein

in children and total fat and dietary fibre in adolescents. There

was no association between dietary GI and total carbohydrate.

Dietary GL was positively associated with total carbohydrate,

total sugars and starch, and inversely with protein, total fat

and SFA. Dietary GL was also positively associated with dietary

fibre in adolescents. Relatively similar results were obtained

when AR and UR were analysed separately. When crude

(i.e. non-energy-adjusted) values, instead of energy-adjusted

values, were used, the associations between dietary GI

Glycaemic load and body fatness measures 1515

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S000711451300072X  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S000711451300072X


Table 1. Characteristics of the subjects*

(Mean values and standard deviations or percentages)

Children aged 4–10 years Adolescents aged 11–18 years

All (n 818)† AR (n 657) UR (n 155) All (n 818)† AR (n 387) UR (n 428)

Mean SD Mean SD Mean SD P‡ Mean SD Mean SD Mean SD P‡

EI:EER 0·84 0·16 0·88 0·11 0·63 0·08 ,0·0001 0·70 0·18 0·86 0·10 0·57 0·11 ,0·0001
EI (kJ/d) 6707 1438 7001 1222 5279 1118 ,0·0001 7940 2182 9203 1890 6750 1642 ,0·0001
EER (kJ/d) 8017 1249 7927 1115 8410 1657 ,0·0001 11 368 2353 10 761 1917 11 923 2574 ,0·0001
Age (years) 7·1 1·9 7·1 1·9 7·4 2·1 0·09 14·2 2·3 13·7 2·2 14·7 2·2 ,0·0001
Sex (% boys) 53·2 54·8 45·8 0·04 48·6 52·8 44·4 0·02
Social class (%) 0·009 0·39

Manual 42·9 43·5 39·4 45·1 43·6 46·0
Non-manual 49·4 50·2 47·1 46·3 48·7 44·4
Unclassified 7·7 6·2 13·6 8·7 7·7 9·6

Physical activity§ ,0·0001 ,0·0001
Low active 5·6 5·9 3·9 6·4 9·0 3·7
Active 87·4 89·0 80·7 75·2 80·4 70·6
Very active 7·0 5·0 15·5 18·4 10·6 25·7

BMI z-score 0·38 0·98 0·32 0·94 0·60 1·13 0·001 0·47 1·06 0·24 0·98 0·67 1·10 ,0·0001
WHtR – – – – – – – 0·46 0·06 0·45 0·05 0·46 0·06 0·0009
Overweight (%)k 24·3 22·2 32·9 0·005 28·6 19·6 36·7 ,0·0001
Central obesity (%){ – – – – 17·0 11·9 21·5 0·0003
Protein intake (% of energy) 12·8 1·9 12·7 1·8 13·2 2·1 0·0009 13·3 2·3 12·8 1·9 13·7 2·5 ,0·0001
Total fat intake (% of energy) 35·6 4·1 35·8 3·9 34·9 4·5 0·02 35·4 4·9 35·8 4·3 35·1 5·3 0·02
Dietary fibre intake (g/10 MJ) 14·0 3·6 13·9 3·6 14·5 3·6 0·11 14·6 4·3 13·9 3·5 15·2 4·9 ,0·0001
Dietary GI** 58·1 2·8 58·0 2·7 58·8 2·9 0·0007 59·1 2·9 58·7 2·8 59·3 3·0 0·004
Dietary GL (per 10 MJ)** 190 19 190 19 193 20 0·04 189 22 189 20 189 24 0·78

AR, acceptable reporters; UR, under-reporters; EI:EER, ratio of energy intake:estimated energy requirement; EI, energy intake; EER, estimated energy requirement; WHtR, waist:height ratio; GI, glycaemic index; GL, glycaemic load.
* AR were defined as subjects with EI:EER in the range of 0·72–1·28; UR defined as subjects with EI:EER ,0·72.
† Including over-reporters of energy intake (n 6 in children and n 3 in adolescents), defined as subjects with EI:EER . 1·28.
‡P values for differences between AR and UR based on the independent-samples t test for continuous variables and the x 2 test for categorical variables.
§ There were no subjects classified into the ‘sedentary’ level.
kBMI $85th percentile of the age- and sex-specific British growth reference data.
{WHtR . 0·5.
** Based on the GI of glucose (100).
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and nutrient intakes were unchanged while dietary GL was

positively associated with all the nutrients examined (data

not shown).

Both dietary GI and GL showed no association with BMI

z-score in children and adolescents (Table 4). There was

also no association between dietary GI and GL and WHtR in

adolescents. The separate analysis of AR and UR did not

show any associations.

Table 5 shows OR (and 95 % CI) for overweight and central

obesity according to tertiles of dietary GI and GL. In children,

after adjustment for potential confounding factors (model 2),

dietary GL was associated with a higher risk of overweight

(P for trend¼0·04), while there was no association for dietary

GI. In adolescents, dietary GI was not associated with the risk

of overweight or central obesity. Additionally, there was no

independent association between dietary GL and overweight.

Table 2. Food groups contributing to the inter-individual variation in dietary glycaemic index (GI) and glycaemic load (GL)*

(Regression coefficients with their standard errors and partial determination coefficients)

All AR UR

Food groups† b‡ SE‡ Partial R 2 b‡ SE‡ Partial R 2 b‡ SE‡ Partial R 2

Children aged 4–10 years n 818§ n 657 n 155
Dietary GI Model R 2 0·41 Model R 2 0·43 Model R 2 0·38

Dairy products 20·55 0·06 0·10 20·56 0·06 0·10 20·63 0·20 0·03
Breads 2·80 0·25 0·10 2·95 0·27 0·13 2·20 0·75 0·02
Fruit juice 20·52 0·09 0·05 20·51 0·09 0·06 20·72 0·30 0·03
Other cereals 20·69 0·14 0·04 20·72 0·16 0·03 20·83 0·34 0·03
Fruit 20·72 0·14 0·03 20·65 0·15 0·03 21·41 0·41 0·12
Breakfast cereals 2·35 0·32 0·03 2·47 0·34 0·03 1·99 0·92 0·01
Potatoes 1·43 0·19 0·03 1·41 0·20 0·04 1·39 0·51 0·05
Vegetables 20·81 0·17 0·02 20·75 0·19 0·02 21·09 0·50 0·01
Soft drinks, not low energy –k –k –k –k –k –k 20·22 0·11 0·01

Dietary GL Model R 2 0·85 Model R 2 0·82 Model R 2 0·83
Breads 19·66 1·26 0·24 19·83 1·43 0·21 20·31 3·06 0·28
Biscuits, cakes and pastries 16·20 1·49 0·17 15·61 1·63 0·12 23·53 4·61 0·14
Potatoes 9·36 0·95 0·12 9·72 1·07 0·13 10·52 2·18 0·09
Breakfast cereals 24·09 1·48 0·08 25·64 1·68 0·09 17·54 3·37 0·05
Sugar, preserves and confectionery 19·93 1·50 0·10 19·69 1·65 0·11 20·92 4·67 0·07
Soft drinks, not low energy 2·32 0·18 0·05 2·51 0·20 0·07 1·93 0·41 0·05
Other cereals 4·28 0·67 0·03 3·18 0·78 0·03 8·22 1·46 0·1
Fruit juice 2·44 0·41 0·02 2·63 0·45 0·03 2·04 1·14 0·01
Dairy products 20·19 0·29 0·02 20·29 0·31 0·01 1·08 0·75 0·03
Fruit 2·82 0·62 0·01 2·74 0·68 0·01 –k –k –k

Adolescents aged 11–18 years n 818§ n 387 n 428
Dietary GI Model R 2 0·32 Model R 2 0·37 Model R 2 0·33

Other cereals 20·84 0·14 0·09 20·80 0·17 0·10 20·83 0·21 0·04
Breads 2·22 0·21 0·06 1·67 0·26 0·08 3·03 0·33 0·09
Fruit 20·70 0·12 0·05 20·90 0·18 0·06 –k –k –k
Potatoes 1·00 0·14 0·02 0·69 0·19 0·02 1·50 0·21 0·07
Dairy products 20·40 0·07 0·02 20·33 0·08 0·04 20·48 0·11 0·05
Breakfast cereals 2·71 0·32 0·05 2·14 0·38 0·02 3·63 0·52 0·03
Fruit juice 20·32 0·08 0·02 20·29 0·10 0·02 20·33 0·13 0·02
Alcoholic beverages –k –k –k 0·18 0·05 0·02 –k –k –k
Vegetables –k –k –k –k –k –k 20·69 0·20 0·03

Dietary GL Model R 2 0·88 Model R 2 0·83 Model R 2 0·85
Sugar, preserves and confectionery 24·32 1·45 0·25 20·98 2·01 0·15 29·50 2·56 0·17
Breads 19·37 1·18 0·18 17·57 1·85 0·20 20·27 1·66 0·19
Breakfast cereals 32·30 1·70 0·11 27·92 2·42 0·11 37·52 2·39 0·11
Soft drinks, not low energy 2·62 0·18 0·10 2·35 0·26 0·11 3·08 0·26 0·10
Biscuits, cakes and pastries 17·13 1·40 0·09 15·91 2·01 0·08 17·49 2·60 0·06
Potatoes 9·18 0·80 0·08 9·44 1·28 0·08 9·09 1·02 0·12
Other cereals 5·68 0·75 0·04 5·00 1·10 0·05 6·26 1·01 0·05
Dairy products 0·88 0·36 0·02 1·28 0·51 0·03 –k –k –k
Fruit juice 2·62 0·43 0·01 2·17 0·64 0·01 2·92 0·58 0·02
Meat and meat products –k –k –k 22·11 1·10 0·01 20·08 0·99 0·02
Vegetables –k –k –k –k –k –k 3·92 0·93 0·02

AR, acceptable reporters; UR, under-reporters.
* AR were defined as subjects with the ratio of energy intake:estimated energy requirement (EI:EER) of 0·72–1·28; UR defined as subjects with EI:EER ,0·72.
† Food groups listed are those contributing at least 1 % of the variation of dietary GI or GL based on stepwise regression analysis with nineteen food groups (i.e. breads; break-

fast cereals; biscuits, cakes and pastries; other cereals; dairy products; egg and egg dishes; butter and spreads; meat and meat products; fish and fish dishes; vegetables;
potatoes; fruit; sugar, preserves and confectionery; fruit juice; alcoholic beverages; tea, coffee and water; nuts and seeds; soft drinks, not low energy; soft drinks, low energy)
as explanatory variables and dietary GI or GL as the response variable.

‡ Models with listed variables and energy intake as explanatory variables and dietary GI or GL as the response variable; regression coefficients mean the change in dietary GI
or GL with a 100 g increase of each food group.

§ Including over-reporters of energy intake (n 6 in children and n 3 in adolescents), defined as subjects with EI:EER .1·28.
kNot contributing at least 1 % of the variation of dietary GI or GL.
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However, dietary GL was associated with a higher risk of

central obesity (P for trend¼0·02) after adjustment for poten-

tial confounding factors including BMI z-score (model 3). In

the analysis of AR or UR, the direction and strength of the

independent associations (i.e. OR themselves) were similar,

but none of the associations reached statistical significance.

Excluding EI:EER from the models did not change the results

materially (data not shown).

Discussion

In the present cross-sectional study of British children and

adolescents, breads, breakfast cereals and potatoes were the

positive predictive food groups for dietary GI, while dairy

products, fruit juice, other cereals and fruit were the negative

predictors. Dietary GL was closely correlated with carbo-

hydrate intake. Dietary GI was not associated with any

measures of body fatness in both children and adolescents.

However, dietary GL was independently positively associated

with overweight in children. Dietary GL was also indepen-

dently associated with a higher risk of central obesity (but

not overweight) in adolescents. Nevertheless, none of the

associations reached statistical significance in both AR and

UR, although the direction and strength of the associations

(i.e. OR themselves) were similar. Further, no association

was seen when measures of body fatness were treated as

continuous variables (i.e. BMI z-score and WHtR). Thus, the

results must be interpreted with caution. To our knowledge,

this is the first study to examine dietary GI and GL in relation

to food and nutrient intakes and measures of body fatness in

British children and adolescents, taking into account EI misre-

porting assessed by individualised measures of EER.

Information on dietary GI and GL in relation to food and

nutrient intakes (in terms of dietary composition) in children

and adolescents is limited, but, generally, dietary GI has

shown to be positively associated with carbohydrate and

starch and negatively with protein, fat, saturated fat, fibre

and sugar(12,21). However, a positive association with fibre

and sugar and no association with carbohydrate, fat and satu-

rated fat have also been observed(13,19,20). Dietary GL has

shown to be positively associated with carbohydrate and

negatively with protein, fat and fibre(12,20). The present

findings provide further support for the diversity of these

associations. In particular, we showed no association between

GI and protein, fat, carbohydrate and fibre and a positive

association between dietary GL and fibre, which has also

been observed in adults(22–25). Studies in adults generally

showed that dietary GL was associated with many carbo-

hydrate-rich foods, while dietary GI was associated not only

with a higher intake of major carbohydrate-rich foods (such

as breads and potatoes) but also with a lower intake of

other foods with lower carbohydrate content (such as fruit

Table 3. Correlation of energy and nutrient intake with dietary glycaemic index (GI) and glycaemic load (GL)†

(Spearman’s correlation coefficients)

All AR UR

GI GL GI GL GI GL

r r r r r r

Children aged 4–10 years n 818‡ n 657 n 155
Energy 20·01 20·02 0·08* 0·03 20·06 20·04
Protein 20·15* 20·43* 20·16* 20·43* 20·20* 20·46*
Total fat 0·00 20·75* 20·03 20·74* 0·13 20·75*
SFA 20·14* 20·57* 20·17* 20·57* 0·03 20·58*
Total carbohydrate 0·06 0·86* 0·08* 0·86* 20·04 0·88*
Total sugars 20·31* 0·35* 20·28* 0·40* 20·34* 0·27*
Starch 0·47* 0·37* 0·48* 0·35* 0·38* 0·43*
Dietary fibre 20·05 0·02 20·05 0·01 20·08 0·02
Dietary GI 1·00 0·51* 1·00 0·54* 1·00 0·41*
Dietary GL 0·51* 1·00 0·54* 1·00 0·41* 1·00

Adolescents aged 11–18 years n 818‡ n 387 n 428
Energy 20·05 20·02 0·06 0·04 0·02 20·10*
Protein 20·01 20·30* 20·07 20·29* 0·00 20·32*
Total fat 20·10* 20·71* 20·08 20·73* 20·09 20·71*
SFA 20·17* 20·52* 20·14* 20·52* 20·15* 20·55*
Total carbohydrate 20·04 0·90* 0·06 0·88* 0·04 0·91*
Total sugars 20·23* 0·45* 20·18* 0·46* 20·23* 0·46*
Starch 0·33* 0·42* 0·29* 0·38* 0·33* 0·48*
Dietary fibre 20·08* 0·11* 20·15* 0·07 20·06 0·17*
Dietary GI 1·00 0·43* 1·00 0·48* 1·00 0·40*
Dietary GL 0·43* 1·00 0·48* 1·00 0·40* 1·00

AR, acceptable reporters; UR, under-reporters.
*P,0·05.
† Values are Spearman’s correlation coefficients calculated using energy-adjusted values (i.e. percentage of energy

for energy-providing nutrients and amount per 10 MJ of energy for dietary fibre and GL) except for energy and dietary GI
(for which crude values were used). Dietary GI and GL were calculated based on the GI of glucose (100). AR were defined
as subjects with the ratio of energy intake:estimated energy requirement (EI:EER) of 0·72–1·28; UR defined as subjects
with EI:EER ,0·72.

‡ Including over-reporters of energy intake (n 6 in children and n 3 in adolescents), defined as subjects with EI:EER .1·28.
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and dairy products)(22–25). However, the strength and direc-

tion of the associations varied considerably among

studies(22–25), which is in line with the findings of the present

study.

A limited number of observational studies have examined

the association between dietary GI and GL and body fatness

in children and adolescents. No association was observed in

cross-sectional studies conducted in the USA(17), Hong

Kong(15) and Italy(16). A series of prospective analyses in

German children have also provided null findings(18,19). Con-

versely, a Danish cross-sectional study found that higher diet-

ary GI and GL were related to a higher sum of skinfold

thickness; however, this association was seen in 16-year-old

boys only, and not in 10-year-old boys or 10- or 16-year-old

girls(11). Additionally, dietary GI, but not GL, was cross-sec-

tionally associated with overweight and high waist circumfer-

ence in Italian children aged 6–11 years(13). A cross-sectional

study in Australian adolescents aged 13–15 years also showed

a positive association between high waist circumference and

dietary GL, but not GI(14). Further, dietary GL, but not GI,

was associated with the risk of overweight in Japanese

children aged 6–15 years (except for girls aged 12–15

years)(12). The findings on the present study (i.e. positive

association of GL, but not GI, with overweight in children

and central obesity in adolescents) are consistent with the

associations observed in the Australian(14) and Japanese(12)

studies, but at variance with those in other studies(11,13,15–19).

This variance may be, at least partly, explained by differences

in the characteristics and lifestyles of the populations exam-

ined, dietary assessment methods used, measures of body fat-

ness applied and potential confounding factors considered, in

addition to differences in underlying dietary intake patterns in

these studies. It is unclear why there was a positive association

with overweight and central obesity for dietary GL only but

not for GI in the present study. Both the quality and quantity

of dietary carbohydrate rather than quality alone may be

important, at least in the present population. Nonetheless, as

dietary GL was strongly correlated with carbohydrate and diet-

ary fat, which was also observed in several previous

studies(12,22,26), any effects of dietary GL cannot be separated

from those of macronutrient composition and overall diet

quality in the present observational study. However, a

repeated analysis using each of the other dietary variables

(i.e. dietary fat, carbohydrate, protein or dietary fibre) as an

independent variable instead of dietary GI or GL showed no

association with overweight or central obesity (data not

shown). Additionally, while dietary GL showed significant

associations when body fatness measures were treated as cat-

egorical variables (i.e. overweight and central obesity), the

trend of the associations was not very much clear. Further-

more, adjustment for BMI z-score in the model of central

obesity may be an over-adjustment (given the wide CI).

Nevertheless, we believe that this adjustment was worth con-

ducting because of the following reasons. First, central obesity

can develop independently of overweight through an accumu-

lation of visceral fat. Second, central obesity may be more sus-

ceptible to dietary GL than overweight, given that visceral fat

is more vulnerable to the influence of high insulin responsesT
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Table 5. OR for overweight and central obesity according to tertiles (T) of dietary glycaemic index (GI) or glycaemic load (GL)*

(Odds ratios and 95 % confidence intervals)

All† AR UR

T1 T2 T3 T1 T2 T3 T1 T2 T3

OR
(reference) OR 95 % CI OR 95 % CI P‡

OR
(reference) OR 95 % CI OR 95 % CI P‡

OR
(reference) OR 95 % CI OR 95 % CI P‡

Children aged 4–10 years n 272 n 273 n 273 n 219 n 219 n 219 n 51 n 51 n 51
Dietary GI§ 55·6 58·0 60·8 55·5 57·8 60·4 55·8 58·7 61·6

Overweight (%) 24·6 22·0 26·4 21·9 20·6 24·2 39·2 32·7 26·9
Model 1k 1 0·86 0·58, 1·28 1·10 0·75, 1·61 0·63 1 0·92 0·58, 1·46 1·14 0·73, 1·78 0·57 1 0·75 0·34, 1·69 0·57 0·25, 1·31 0·19
Model 2{ 1 0·89 0·59, 1·35 1·10 0·73, 1·64 0·64 1 0·94 0·58, 1·50 1·15 0·72, 1·84 0·53 1 0·61 0·24, 1·50 0·71 0·28, 1·80 0·46

Dietary GL (per 10 MJ)§ 173 191 207 173 190 206 174 192 212
Overweight (%) 22·4 22·3 28·2 19·2 21·9 25·6 37·3 26·9 34·6

Model 1k 1 1·00 0·67, 1·49 1·36 0·92, 2·00 0·12 1 1·18 0·74, 1·88 1·45 0·92, 2·28 0·11 1 0·62 0·27, 1·43 0·89 0·40, 2·00 0·78
Model 2{ 1 1·08 0·70, 1·66 1·58 1·01, 2·46 0·04 1 1·21 0·74, 1·99 1·55 0·93, 2·59 0·09 1 1·02 0·38, 2·78 1·62 0·58, 4·55 0·33

Adolescents aged 11–18 years n 272 n 273 n 273 n 129 n 129 n 129 n 142 n 143 n 143
Dietary GI§ 56·3 59·1 61·7 55·9 58·8 61·3 56·8 59·4 62·1

Overweight (%) 29·0 30·4 26·4 21·7 20·2 17·1 37·3 36·4 36·4
Model 1k 1 1·07 0·74, 1·54 0·88 0·60, 1·27 0·48 1 0·91 0·50, 1·66 0·74 0·40, 1·38 0·35 1 0·96 0·59, 1·55 0·96 0·59, 1·55 0·87
Model 2{ 1 1·11 0·75, 1·62 0·80 0·54, 1·20 0·29 1 0·86 0·45, 1·64 0·79 0·40, 1·55 0·49 1 1·04 0·63, 1·72 0·97 0·58, 1·63 0·92

Central obesity (%) 16·5 17·6 16·9 13·2 11·6 10·9 19·7 24·5 20·3
Model 1k 1 1·08 0·69, 1·68 1·02 0·65, 1·60 0·92 1 0·87 0·41, 1·82 0·80 0·38, 1·70 0·56 1 1·32 0·75, 2·32 1·04 0·58, 1·85 0·91
Model 2{ 1 1·07 0·68, 1·70 0·90 0·56, 1·45 0·66 1 0·93 0·62, 1·39 0·97 0·84, 1·12 0·70 1 1·34 0·75, 2·40 0·93 0·50, 1·71 0·80
Model 3** 1 1·69 0·85, 3·34 1·66 0·82, 3·39 0·24 1 1·32 0·41, 4·23 1·72 0·50, 5·96 0·39 1 2·20 0·92, 5·29 1·51 0·61, 3·74 0·41

Dietary GL (per 10 MJ)§ 168 187 210 170 189 208 166 187 213
Overweight (%) 33·5 28·9 23·4 20·2 23·3 15·5 43·7 35·7 30·8

Model 1k 1 0·81 0·56, 1·17 0·61 0·42, 0·89 0·01 1 1·20 0·66, 2·17 0·73 0·38, 1·38 0·35 1 0·72 0·44, 1·15 0·57 0·35, 0·93 0·02
Model 2{ 1 0·92 0·63, 1·34 0·71 0·47, 1·07 0·11 1 1·28 0·68, 2·43 0·80 0·39, 1·63 0·55 1 0·76 0·46, 1·26 0·60 0·34, 1·05 0·07

Central obesity (%) 15·8 19·8 15·4 11·6 14·0 10·1 19·0 25·2 20·3
Model 1k 1 1·31 0·85, 2·04 0·97 0·61, 1·54 0·89 1 1·23 0·59, 2·57 0·85 0·39, 1·87 0·70 1 1·43 0·82, 2·52 1·08 0·60, 1·94 0·80
Model 2{ 1 1·47 0·92, 2·33 1·12 0·67, 1·87 0·66 1 1·31 0·60, 2·83 1·01 0·43, 2·40 0·96 1 1·47 0·80, 2·70 1·13 0·58, 2·21 0·74
Model 3** 1 1·84 0·94, 3·57 2·15 1·05, 4·42 0·04 1 1·20 0·40, 3·57 2·47 0·75, 8·12 0·15 1 2·11 0·86, 5·18 2·14 0·81, 5·69 0·14

AR, acceptable reporters; UR, under-reporters.
* OR (95 % CI) were calculated using logistic regression. Overweight was defined as BMI $85th percentile of the age- and sex-specific British growth reference data; central obesity was defined as waist:height ratio $0·5. AR were

defined as subjects with the ratio of energy intake:estimated energy requirement (EI:EER) of 0·72–1·28; UR defined as subjects with EI:EER ,0·72.
† Including over-reporters of energy intake (n 6 in children and n 3 in adolescents), defined as subjects with EI:EER .1·28.
‡P values represent P for trend tested by logistic regression.
§ Based on the GI of glucose (100). Values are medians.
kCrude model.
{Adjusted for age (years, continuous), sex (boys or girls), social class (manual, non-manual or unclassified), physical activity (low active, active or very active), protein intake (percentage of energy, continuous), dietary fibre intake

(g/10 MJ, continuous), EI:EER (continuous) and total fat intake (percentage of energy, continuous, for dietary GI only).
** Adjusted for variables used in model 2 and BMI z-score (continuous).
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stimulated by high-GL diets compared with subcutaneous

fat(26). There was, however, no association when body fatness

measures were treated as continuous variables. Thus, the

results must be interpreted with caution.

Despite a high prevalence of UR and large differences in

characteristics between UR and AR, which is quite common

in dietary surveys(28–32), the associations of dietary GI and

GL with food and nutrient intakes observed in UR were rela-

tively similar to those observed in AR. It is reasonable to

assume that the observed associations in UR are not artefacts

produced by dietary under-reporting. Thus, exclusion of UR

in the present analysis was not warranted. The exact reason

for the similarity between AR and UR in terms of the associ-

ations between dietary GI and GL and food and nutrient

intakes is unknown, and we are unaware of previous studies

where the associations among dietary variables were com-

pared according to categories of dietary misreporting status.

However, it may be because the calculation of dietary GI

and GL is based on carbohydrate intake only, independent

of fat (which seems to be more prone to misreporting than

other macronutrients)(29–32) as well as energy. In addition,

the influence of dietary misreporting may be minimised by

energy adjustment, as misreporting of any food and nutrient

should be correlated with EI misreporting, at least to some

extent(29,32).

In the present study, the positive associations between diet-

ary GL and overweight in the total children population and

central obesity in the total adolescent population were not

observed in AR or UR; although the direction and strength

of the associations (i.e. OR themselves) were similar, none

of the associations reached statistical significance in both AR

and UR. This may be due to insufficient statistical power in

a separate analysis of AR and UR. Relatively similar, but

non-significant, associations between dietary GI and GL and

measures of body fatness observed in AR and UR are reason-

able given that the associations between dietary GI and GL

and food and nutrient intakes are relatively similar between

AR and UR. Thus, there was no evidence that the association

between dietary GI and GL and measures of body fatness was

distorted by dietary misreporting (mainly under-reporting) in

the present study. In line with this observation, previous

studies showed that the associations of carbohydrate intake

(expressed as percentage of energy) with BMI(45,48) and fast-

ing plasma insulin(30) were not affected by EI misreporting.

The advantages of the present study include the use of a 7 d

weighed dietary record, a systematic assignment of GI values

based on an updated and more representative GI table,

measured anthropometric data and the use of individualised

measure of EER to identify EI misreporters. However, there

are also several limitations. First, the cross-sectional nature

of the study does not permit the assessment of causality

owing to the uncertain temporality of the association. Only a

prospective study taking into account dietary misreporting

would provide better understanding of the relationship

between dietary GI and GL and measures of body fatness.

We used BMI and WHtR as proxy measures of body fatness.

Since BMI reflects not only body fatness, but the relative

length of the legs, body frame size and fat-free body

mass as well(49), subjects with similar BMI (z-score) do not

necessarily have the same amount of body fat, which may

explain at least partly why overweight (defined by BMI

z-score) was not associated with dietary GL while there was

a positive association for central obesity (defined by WHtR)

in adolescents. In any case, a more valid measure of body

fat mass (e.g. dual-energy X-ray absorptiometry) may be

needed for further investigation.

Another limitation of the present study is that only 61 % of

the eligible sample was included in the present study,

although the response rate was relatively high (80 %). The

subjects included in the present analysis (n 1636) differed

somewhat from those excluded from the analysis (n 491).

The excluded subjects were more likely to be younger and

be in social class classified as manual occupations (all

P,0·05). However, a previous analysis concluded that there

was no evidence to suggest serious non-response bias in the

NDNS(33). Additionally, although we adjusted for a variety of

potential confounding variables, residual confounding could

not be ruled out. In particular, we could not control for

puberty status or parental weight status because of a lack of

information.

Finally, we assessed misreporting of EI against calculated

EER with the use of equations from the US Dietary Reference

Intakes(43). In the absence of measured TEE, these equations

with high R 2 values ($0·95)(43) should serve as the best

proxy. Nevertheless, the selection of physical activity category

was based on self-report (i.e. 7 d physical activity diary) in

subjects aged $7 years and fixed in subjects aged #6 years,

which may be susceptible to systematic error. Additionally,

we do not know the sensitivity and specificity of the pro-

cedure for identifying EI misreporters used. However, even

though some misclassification of subjects according to EI

reporting status did occur in the present study, we are confi-

dent of our conclusions, because the associations of dietary

GI and GL with food and nutrient intakes and obesity

measures observed here were not influenced by EI misreport-

ing. Nonetheless, it should be stressed that the role of

misreporting was mainly evaluated only in terms of under-

reporting because over-reporting occurred in such a low

number of cases that no conclusions could be drawn in this

regard.

In conclusion, the present cross-sectional study in British

children and adolescents showed that a high-GI diet,

characterised by a high intake of breads, breakfast cereals

and potatoes and a low intake of dairy products, fruit juice,

other cereals and fruit, was not associated with overweight

in both children and adolescents. However, dietary GL,

which was closely correlated with carbohydrate intake, was

independently associated with a higher risk of overweight in

children and a higher risk of central obesity (but not over-

weight) in adolescents. Nevertheless, none of the associations

reached statistical significance in both subjects with plausible

EI and those with implausible EI, although the direction and

strength of the associations (i.e. OR themselves) were similar.

Further, dietary GI and GL were not associated with BMI

z-score in children and adolescents or WHtR in adolescents.

Thus, the results must be interpreted cautiously. Given the
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diverse observations in previous studies(11–19) and the present

study, the association between dietary GI and GL and

measures of body fatness may be a function of the food cul-

ture concerned. Further research with a prospective design

in diverse populations is needed, preferably taking into

account dietary misreporting as well as using more valid

measures of body fatness so that any firm conclusions can

be drawn with regard to the effect of dietary GI and GL on

excess body fatness.
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