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Although many epidemiological studies have examined the association of dietary glycaemic index (GI) and glycaemic load (GL) with health out-

comes, information on the reproducibility and relative validity of these variables estimated from dietary questionnaires is extremely limited. We

examined the reproducibility and relative validity of dietary GI and GL assessed with a self-administered diet-history questionnaire (DHQ) in adult

Japanese. A total of ninety-two Japanese women and ninety-two Japanese men aged 31–76 years completed the DHQ (assessing diet during the

preceding month) and 4 d dietary records (DR) in each season over a 1-year period (DHQ1–4 and DR1–4, respectively) and the DHQ at 1 year

after completing DHQ1 (DHQ5). We used intraclass correlations between DHQ1 and DHQ5 to assess reproducibility, and Pearson correlations

between the mean of DR1–4 and mean of DHQ1–4 and between the mean of DR1–4 and DHQ1 to assess relative validity. Reproducibility cor-

relations for dietary GI and GL were 0·57 and 0·69 among women and 0·65 and 0·58 among men, respectively. Validity correlations for dietary GI

and GL assessed by DHQ1–4 were 0·72 and 0·66 among women and 0·65 and 0·71 among men, respectively. Corresponding correlations for

DHQ1 were 0·53 and 0·58 among women and 0·57 and 0·60 among men, respectively. White rice was the major contributor to GI and GL in

both methods (49–64 %). These data indicate reasonable reproducibility and relative validity of dietary GI and GL assessed by a DHQ for Japa-

nese adults, whose dietary GI and GL are primarily determined by the GI of white rice.

Dietary glycaemic index: Diet-history questionnaires: Relative validity: Japanese

Glycaemic index (GI) is defined as the incremental area under
the blood glucose response curve of available carbohydrate in
a food expressed as a percentage of the response to available
carbohydrate in a reference food (usually glucose, white bread
or white rice), and thus represents the quality of carbo-
hydrate1. Glycaemic load (GL) is the product of the GI and
the available carbohydrate content of the food, and thus rep-
resents both the quality and the quantity of carbohydrate2.
The recent publication of accumulated GI and GL values for
about 750 individual food items3 has made possible the incor-
poration of GI and GL into questionnaire-based assessments of
usual diet, and hence to calculate dietary GI and GL. To date,
numerous dietary assessment questionnaires have been used in
epidemiological studies to investigate associations between
dietary GI and GL and various health outcomes, including
type 2 diabetes2,4, CVD5, several cancers6 and metabolic
risk factors7 – 11.

Although the dietary questionnaires used in these studies
have been validated for a wide range of nutrients and foods,
information on the reproducibility and relative validity of diet-
ary GI and GL derived from dietary questionnaires is extre-
mely limited. Very recently, a Swedish study examined this
issue using 2 £ 7 d dietary records (DR) as a gold standard12.
However, the subjects in this study were limited to men12.
Additionally, portion sizes derived from the DR used as the
gold standard were also used during the calculation of dietary
GI and GL in the dietary questionnaire, resulting in an over-
estimation of the ability of the dietary questionnaire12. More
importantly, the ability of the dietary questionnaire observed
in Swedish men12 may differ that in other populations with
different dietary habits, including Japanese individuals.

Here, we examined the reproducibility and relative validity
of dietary GI and GL estimated from a self-administered diet-
history questionnaire (DHQ) for adult Japanese13 – 15, using 4 d
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semi-weighed DR conducted in each season over a 1-year
period (16 d in total) as the gold standard. In the present
study of Japanese adults, whose dietary GI and GL are primar-
ily determined on the basis of the GI of white rice (a charac-
teristic seldom observed in Western individuals)11,16,17, we
included not only men but also women, and estimated dietary
GI and GL using a DHQ independently of information derived
from the DR.

Subjects and methods

Subjects

The present study was conducted in three areas in Japan –
Osaka (urban), Nagano (rural inland) and Tottori (rural
coastal). In each area, we recruited apparently healthy
women aged 30–69 years who were willing to participate
and were living together with their husbands, such that each
10-year age class (30–39, 40–49, 50–59 and 60–69 years)
contained eight women equally (without consideration of the
age of the men), giving a total of ninety-six women and
ninety-six men invitees. None of the subjects was a dietitian,
was currently receiving or had recently received dietary coun-
selling from a doctor or dietitian, or had a history of edu-
cational hospitalisation for diabetes or nutritional education
from a dietitian. Group orientations for the subjects were
held before the study at which the study purpose and protocol
were explained. Written informed consent was obtained from
each subject. A total of ninety-two women aged 31–69 years
and ninety-two men aged 32–76 years completed the study
protocol and were included in the present analysis. Body
height was measured to the nearest 0·1 cm with the subject
standing without shoes. Body weight in light indoor clothes
was measured to the nearest 0·1 kg. BMI was calculated as
body weight (kg) divided by the square of body height (m).

Dietary records

Between November 2002 and September 2003, the subjects
completed the semi-weighed DR on four non-consecutive
days in each of the four seasons at intervals of approximately
3 months (DR1 in November and December 2002 (autumn),
DR2 in February 2003 (winter), DR3 in May 2003 (spring)
and DR4 in August and September 2003 (summer)). Each of
the four recording days consisted of one weekend day and
three weekdays. During the orientation session, the staff
(registered dietitians) gave the subjects both written and
verbal instructions on how to keep the DR and provided as
an example a completed recording sheet. Each couple was
given recording sheets and a digital scale, instructed how to
weigh each food and drink, and asked to record and weigh
all foods and drinks consumed on each recording day. When
weighing was difficult (for example, eating out), we instructed
them to record the size and quantity of foods they ate using
household measures in as much detail as possible. For each
recording day, the subjects were asked to fax the completed
forms to the local staff (registered dietitians), who reviewed
the submitted forms and, if necessary, asked the subjects to
add or modify the records by telephone or fax. The responses
were faxed or, in some cases, handed directly to the staff.

All the collected records were checked by trained registered
dietitians in each local centre and then again in the study
centre. The coding of records and conversion of other
measurements of quantities into g were performed by trained
registered dietitians in the survey centre in accordance with
uniform procedures. A total of 1299 food and beverage
items appeared in the DR. Intakes of energy, total carbo-
hydrate and total dietary fibre were estimated based on the
estimated intakes of all items and the Standard Tables of
Food Composition in Japan18. Available carbohydrate was
calculated as total carbohydrate minus total dietary fibre3.

Diet-history questionnaire

Between November 2002 and September 2003, subjects
answered the DHQ four times (in each season) at intervals
of approximately 3 months (DHQ1 in November 2002
(autumn), DHQ2 in February 2003 (winter), DHQ3 in May
2003 (spring) and DHQ4 in August and September 2003
(summer)). In each season, the DHQ was answered before
the start of the dietary recording period. Subjects also
answered an additional DHQ (DHQ5) about 1 year after com-
pleting DHQ1 (in November 2003 (autumn)). Responses to
the DHQ were checked at least twice for completeness, and
when necessary reviewed with the subject to ensure the clarity
of answers.

The DHQ13 – 15 is a sixteen-page structured self-adminis-
tered questionnaire assessing dietary habits during the preced-
ing month, consisting of the following seven sections: (1)
general dietary behaviour; (2) usual cooking methods; (3) con-
sumption frequency and amount of six alcoholic beverages;
(4) consumption frequency and semi-quantitative portion
size of 118 selected food and non-alcoholic beverage items;
(5) dietary supplements; (6) consumption frequency and
semi-quantitative portion size of eighteen staple foods (rice,
other grains, noodles, bread and other grain products), soup
for noodles, and miso (fermented soyabean paste) soup, and
with questions on the size of cups (bowls) usually used for
rice and miso soup; (7) open-ended items for foods consumed
regularly ($ once/week) but not appearing in the DHQ. The
food and beverage items were selected as foods commonly
consumed in Japan, mainly from a food list used in the
National Nutrition Survey of Japan, and standard portion
sizes and the size of cups (bowls) for rice and miso soup
were derived mainly from several recipe books for Japanese
dishes13.

Estimates of dietary intake for a total of 150 food and bev-
erage items were calculated using an ad hoc computer algor-
ithm for the DHQ according to the following procedures. For
most items (145 items listed in sections 3, 4 and 6), dietary
intake was calculated based on the reported consumption fre-
quency and portion size according to the semi-quantitative
food-frequency methodology. Dietary intake of the remaining
five items (four seasonings used during cooking and soya
sauce) was estimated according to the diet-history method,
using the qualitative information in sections 1 and 2 of the
DHQ and the quantitative information in section 4. Infor-
mation on dietary supplements (section 5) and data from
the open-ended questionnaire items (section 7) were not
used in the calculation of dietary intake. Although the
DHQ originally provided estimates of intake of a total of
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147 items, a modification of the algorithm made it possible to
divide the estimation of ice cream (one item) into three kinds
(three items) (regular, premium (high-fat) and unspecified
varieties), and to provide an estimation of water used in
miso soup, giving a total of 150 items.

For men, the intake of foods categorised into meats, fish and
shellfish, and eggs was calculated as the product of reported
consumption frequency and portion size multiplied by a
factor of 1·2, for several reasons. First, standard portion
sizes in the DHQ may be generally considered as those for
women, not only because the recipe books for Japanese
dishes, from which standard portion sizes were derived, gener-
ally show portion sizes for women, but also because the DHQ
was originally developed for women13. Second, the possibility
of sex differences in portion size is likely to be higher in foods
used as a main dish (such as meats, fish and shellfish, and
eggs) than in other foods19. Finally, intake of meats, fish
and shellfish, and eggs (and rice), but not other foods, is gen-
erally higher in men than in women in Japan20. Although these
arbitrary procedures have little influence on ranking ability,
the ability of the DHQ to provide average estimations
should be improved. Possible sex differences in rice portion
size should be considered in terms of rice cup (bowl) size.
Intakes of energy and available carbohydrate (total carbo-
hydrate minus total dietary fibre)3 were estimated based on
the estimated intake of all 150 items and the Standard
Tables of Food Composition in Japan18.

Calculation of dietary glycaemic index and load

Dietary GI was calculated by multiplying the contribution of
each individual food to daily available carbohydrate intake
by the food’s GI value and then summing the products:

Dietary GI ¼Sððavailable carbohydrate intake from

food in g=dÞ=ðtotal available carbohydrate

intake in g=dÞ £ ðGI value of foodÞÞ:

Dietary GL was calculated by multiplying the dietary GI by
the total amount of daily available carbohydrate intake
(divided by 100):

Dietary GL ¼ðdietary GIÞ £ ðtotal available carbohydrate

intake in g=dÞ=100:

For these calculations, we used a strategy used in our pre-
vious study10 with several modifications, as follows.

To determine the GI value of individual food items, each
food on the DR and DHQ was directly matched to foods
appearing in the available databases on GI values. The data-
bases used were an international table of GI3, several publi-
cations concerning the GI of Japanese foods21 – 23, recent
articles on GI values published after the publication of the inter-
national GI table24,25 and an online database provided by the
Sydney University Glycemic Index Research Service26. Glu-
cose was used as the reference (GI for glucose ¼ 100). The
white bread-based GI values were transformed into glucose-
based GI values by multiplying the white bread-based GI by
0·7, as in Western studies3,24 – 26, or by 0·73 ( ¼ 100/137
(white bread-based GI value of white bread/white bread-
based GI value of glucose)) as in Japanese studies23.

The white rice-based GI values were transformed into glu-
cose-based GI values by multiplying the white rice-based GI
by 0·82 ( ¼ 100/122 (white rice-based GI value of white rice/
white rice-based GI value of glucose))21,22. Because between-
subject variability is relatively small when the glycaemic
response to a test food is presented relative to a standard
food27,28, we did not restrict GI values to those obtained from
non-diabetic subjects only29. Additionally, GI values were
applied without regard to the reference time period29. GI
values were also applied without regard to the geographical
locale of the original study29, except for the case of white
rice as mentioned later. When more than one GI value was
available, the mean value was used.

Specific details on the GI value of white rice chosen are
worth mentioning. For Japanese individuals, not only is
white rice (a completely self-sufficient grain product30) a
major determinant of dietary GI and GL11,16,17, but also the
GI of rice needs to be tested brand by brand locally since
GI values for rice cannot be reliably predicted on the basis
of the size of the grain or the type of cooking method3.
In the literature, we found five GI values of white rice har-
vested in Japan21 – 23,31. One of these values was derived
from a study with insufficient methodologies (a single
measurement for the reference food and different timing of
blood sampling) using white rice boiled with an unusually
large amount of water (rice:water 1:1·5)31, compared with
the typical ratio of 1:118. Further, the GI value obtained in
this study (GI 48)31 was extremely low compared with four
other values obtained in studies with sufficient methodologies
using white rice boiled with a typical amount of water (GI 71,
78, 79 and 82)21 – 23. Therefore, we rejected the former GI
value30 and used the mean value (GI 77)11 of the latter four
GI values21 – 23 as the GI of white rice.

A total of 151 food items in the DR for which a GI value
had not been determined were assigned a value according to
the closest comparable food. Ten food items in the DHQ for
which a GI value had not been determined were assigned a
value according to the closest comparable food, as follows:
Chinese noodles were assigned the GI of instant noodles;
Japanese-style pancakes were assigned the GI of pizza; jellies
were assigned the GI of pudding; lotus roots were assigned the
GI of carrots; vegetable juice was assigned the mean value of
the GI of tomato juice and apple juice; curry and roux in stew
were assigned the GI of white rice with curry; nutritional sup-
plement drinks were assigned the GI of sports drinks; nutri-
tional supplement bars were assigned the GI of a sports bar;
ground fish-meat products and boiled fish and shellfish in
soya sauce were assigned the GI of fish fingers.

Although alcoholic beverages contain little carbohydrate,
large quantities of several alcoholic beverages, such as beer
and sake, may raise glucose concentrations slightly. Unfortu-
nately, however, the GI values of alcoholic beverages have
not been established10,11, and these items were thus ignored
in the calculation of dietary GI and GL4,10,11. Further, foods
with very low available carbohydrate content were excluded
from calculation because their GI values cannot be tested.
The cut-off for exclusion of foods was set at 3·5 g available
carbohydrate per mean serving in the DR and per standard ser-
ving in the DHQ10,11.

Of the total 1299 food and beverage items reported in the
DR, twenty (1·5 %) were alcoholic beverages, 117 (9·0 %)
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contained no available carbohydrate and 759 (58·4 %) con-
tained ,3·5 g available carbohydrate per mean serving. Calcu-
lation of dietary GI and GL in the DR was thus based on the
remaining 403 items. Of the total 150 food and beverage items
included in the DHQ, six (4·0 %) were alcoholic beverages,
nine (6·0 %) contained no available carbohydrate and sixty-
three (42·0 %) contained ,3·5 g available carbohydrate per
mean serving, and calculation was similarly based on the
remaining seventy-two items. A table of the GI value of
each item in the DHQ has been published elsewhere10; the
GI value of ice cream was 61 for the regular type, 38 for
the premium (high-fat) type and 50 for unspecified varieties.
In the present study, the mean contribution of the available
carbohydrate content of the foods used in the calculation of
dietary GI and GL to total available carbohydrate intake was
89·0 (SD 2·8) % for women and 88·0 (SD 4·3) % for men in
the DR, and 93·2 (SD 2·3) % for women and 91·8 (SD 4·2)
% for men in the DHQ, which were comparable with previous
studies (91–96 %)10,11,16,17,32,33.

Statistical analysis

All statistical analyses were performed for women and men
separately using SAS statistical software version 8.2 (SAS
Institute Inc., Cary, NC, USA). The reproducibility and rela-
tive validity of available carbohydrate intake and dietary GI
and GL derived from the DHQ were examined using
energy-adjusted values by the residual and density models34

as well as crude values. Dietary GI adjusted using the density
model was not used owing to its strong correlation with energy
intake (Pearson correlation coefficients 20·93 to 20·94). Dis-
tributions of these dietary variables were evaluated for devi-
ations from normality; because none of the variables was
strongly skewed, reproducibility and relative validity were
evaluated using untransformed values. Mean and SD values
for available carbohydrate intake and dietary GI and GL
were calculated for both the DR and DHQ. To assess seasonal
variation in these dietary variables, intraclass correlations
were calculated using DR (DR1, DR2, DR3 and DR4) and
DHQ (DHQ1, DHQ2, DHQ3 and DHQ4) conducted in each
season over a 1-year period. Intraclass correlations were calcu-
lated between DHQ completed in the same season about 1
year apart (DHQ1 and DHQ5) to assess reproducibility.

To assess the relative validity of the DHQ, Pearson corre-
lations between the mean of DR1–4 and mean of DHQ1–4
were calculated. Pearson correlations were also calculated
between the mean of DR1–4 and DHQ1 to examine whether
the DHQ (assessing dietary habits during the preceding
1 month) can capture habitual dietary GI and GL over a
longer period (i.e. 1 year). We used DHQ1 for this purpose
because the answers provided in other DHQ (administered
after the experience of conducting DR), but not DHQ1 (admi-
nistered before the experience), may have been influenced by
the attention to diet required to complete the DR. Since
random within-individual error in the measurement of any of
the variables being compared tends to reduce correlation coef-
ficients toward zero35, correlations with the corrections for the
attenuating effects of such measurement error in the 4 £ 4 d
DR were computed. Correction of correlations for random
within-individual error was based on the formula rt ¼ r0p

(1 þ l/n), where rt is the true (corrected) correlation of

dietary intakes derived from the DHQ and DR, r0 is the
observed correlation of dietary intakes derived from the
DHQ and DR, l is the ratio of the within- to between-individ-
ual variances in 4 £ 4 d dietary variables, and n is the number
of replicates per individual. For the present study, n is 4,
denoting the four 4 d DR. Additionally, we calculated the per-
centage of subjects who were classified in the same, adjacent
or opposite quintile of dietary variables in the two different
assessment methods.

The percentage contribution of each individual food to diet-
ary GI (and hence GL) for both assessment methods was cal-
culated by dividing the product of the contribution of each
individual food to daily available carbohydrate intake and
the food’s GI value by dietary GI (multiplied by 100):

Percentage contribution of each food to dietary GI ðand GLÞ

¼ ððavailable carbohydrate intake from food in g=dÞ=

ðtotal available carbohydrate intake in g=dÞ

£ ðGI value of foodÞÞ=ðdietary GIÞ £ 100:

The percentage contribution of each food group was then
calculated.

Results

Characteristics of subjects are shown in Table 1. Mean energy
intake estimated from DHQ1–4 was similar to that estimated
from DR1–4. As shown in Tables 2 (for DR) and 3 (for
DHQ), available carbohydrate intake and dietary GI and GL
were calculated from both assessment methods conducted in
each season over 1 year (DR1, DR2, DR3 and DR4 and
DHQ1, DHQ2, DHQ3 and DHQ4) for assessing seasonal vari-
ations in these dietary variables. Both energy-adjusted values
by the residual method and energy-adjusted values by the den-
sity method as well as crude values are presented, except for
dietary GI adjusted using the density model because of its
strong correlation with energy intake (Pearson correlation
coefficients 20·93 to 20·94). Energy adjustment reduced
the variability in available carbohydrate intake and dietary

Table 1. Characteristics of ninety-two Japanese women and ninety-two
Japanese men

(Mean values and standard deviations)

Women Men

Mean SD Mean SD

Age (years) 49·6 11·4 52·8 12·1
Body height (cm) 155·6 5·8 168·0 6·7
Body weight (kg) 53·4 7·1 66·2 11·2
BMI (kg/m2) 22·1 2·6 23·3 3·1
Energy intake (kJ/d)
Dietary records* 7858 1155 10021 1791
Diet-history questionnaires† 7858 1385 9786 2054

* Mean values of 4 d semi-weighed dietary records were conducted in each season
during 1 year (i.e. in November and December 2002 (autumn), February 2003
(winter), May 2003 (spring) and August and September 2003 (summer)).

† Mean values of self-administered diet-history questionnaires (assessing dietary
habits during the preceding month) were conducted in each season during 1
year (i.e. in November 2002 (autumn), February 2003 (winter), May 2003 (spring)
and August and September 2003 (summer)). In each season, the diet-history
questionnaire was answered before the start of the dietary recording period.
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GL, but not dietary GI. Mean differences were within 6 % for
DR and 5 % for DHQ, and intraclass correlations for energy-
adjusted values ranged from 0·40 to 0·68 for DR and from
0·57 to 0·74 for DHQ. To assess the reproducibility of avail-
able carbohydrate intake and dietary GI and GL assessed by
DHQ, the intraclass correlations between DHQ completed 1
year apart (DHQ1 and DHQ5) were calculated (Table 3).
The reproducibility correlations for energy-adjusted values
ranged from 0·57 to 0·72.

The relative validity of available carbohydrate intake and
dietary GI and GL estimated from DHQ was assessed by com-
paring those derived from DHQ1–4 with those derived from
DR1–4 (Table 4). Mean differences between DR1–4
and DHQ1–4 were within 7 %. The Pearson correlations
between DR1–4 and DHQ1–4 ranged from 0·64 to 0·74 for
energy-adjusted values. The percentage of subjects categorised
into the same or adjacent quintiles using energy-adjusted
values was .75 %, while the percentage categorised into
the opposite quintile was #1 %. Comparison of the first
DHQ (DHQ1) with DR1–4 was also conducted to examine
whether the DHQ (assessing dietary habits during the preced-
ing month) can capture habitual dietary GI and GL over a
longer period (i.e. 1 year) (Table 4). Mean differences
between DR1–4 and DHQ1 were within 8 %, while Pearson
correlations ranged from 0·53 to 0·63 for energy-adjusted

values, the percentage of subjects categorised to the same
or adjacent quintiles using energy-adjusted values was
.70 % and the percentage categorised to the opposite quintile
was #2 %.

White rice was the major contributor to dietary GI and GL
in both assessment methods (49–64 %) (Table 5). Other rela-
tively important contributors included brown rice and other
grains (1–6 %), noodles (5–6 %), bread (6–9 %), confectio-
neries (5–13 %), sugar (4–6 %) and fruits (3–5 %).

Discussion

The present study of ninety-two Japanese women and ninety-
two Japanese men showed reasonable reproducibility and
relative validity of dietary GI and GL assessed by a DHQ
for Japanese adults, whose dietary GI and GL were primarily
determined by the GI of white rice. Although numerous epi-
demiological studies have examined dietary GI and GL esti-
mated using dietary assessment questionnaires in relation to
various health outcomes2,4 – 11, only one previous study of
141 Swedish men has investigated the reproducibility
and relative validity of dietary GI and GL estimated from a
dietary questionnaire12. Regarding reproducibility, intraclass
correlations between two FFQ completed 1 year apart
ranged from 0·61 to 0·66 in this Swedish study12. These

Table 2. Available carbohydrate intake, dietary glycaemic index and dietary glycaemic load estimated from 4 d semi-
weighed dietary records (DR) conducted in each season over 1 year (DR1, DR2, DR3 and DR4) and intraclass correlation
in ninety-two Japanese women and ninety-two Japanese men

(Mean values and standard deviations and intraclass correlations)

DR1* DR2† DR3‡ DR4§

Mean SD Mean SD Mean SD Mean SD Intraclass r

Women
Available carbohydratek

Crude model (g/d) 254·2 46·4 239·7 50·9 241·3 50·8 244·3 50·6 0·68
Residual model (g/d) 254·2 26·7 239·7 24·5 241·3 23·2 244·3 25·0 0·47
Density model (% energy) 51·6 5·2 51·8 5·2 52·7 5·3 52·6 5·5 0·49

Dietary glycaemic index{**
Crude model 64·5 3·4 64·6 4·3 65·3 4·3 63·9 4·2 0·40
Residual model 64·5 3·3 64·6 4·3 65·3 4·3 63·9 4·2 0·40

Dietary glycaemic load{
Crude model 145·6 30·1 138·6 32·4 140·8 33·4 139·1 33·5 0·71
Residual model 145·6 21·9 138·6 20·3 140·8 19·6 139·1 21·4 0·60
Density model (/4184 kJ) 74·0 10·6 74·9 11·0 76·7 11·2 74·9 11·8 0·57

Men
Available carbohydratek

Crude model (g/d) 314·9 67·5 298·9 67·0 306·6 71·3 307·1 65·0 0·65
Residual model (g/d) 314·9 42·0 298·9 43·9 306·6 37·3 307·1 39·3 0·61
Density model (% energy) 51·2 6·5 51·0 7·2 51·6 6·0 52·0 6·4 0·62

Dietary glycaemic index{**
Crude model 66·5 3·8 66·5 4·2 66·4 4·1 65·9 4·4 0·50
Residual model 66·5 3·8 66·5 4·2 66·4 4·1 65·9 4·4 0·50

Dietary glycaemic load{
Crude model 185·0 46·5 176·7 46·7 180·8 50·0 177·4 44·1 0·67
Residual model 185·0 36·4 176·7 35·6 180·8 33·5 177·4 34·2 0·67
Density model (/4184 kJ) 75·2 13·8 75·3 14·4 75·8 13·1 75·3 14·2 0·68

* Conducted in November and December 2002 (autumn).
† Conducted in February 2003 (winter).
‡ Conducted in May 2003 (spring).
§ Conducted in August and September 2003 (summer).
kCalculated as total carbohydrate minus total dietary fibre.
{Glycaemic index for glucose ¼ 100.
** The density model was not used because of a high correlation with energy intake (Pearson r 20·93 to 20·94).

Validity of dietary glycaemic index and load 643
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reproducibility correlations are comparable with those
observed in the present study. Regarding relative validity,
Pearson correlations between the mean of two 7 d DR and
that of two FFQ ranged from 0·62 to 0·77, and the percentage
of subjects classified in the same or an adjacent quintile was
relatively high (70–79 %) while that classified into the oppo-
site quintile was low (0–2 %)12. These findings on relative
validity are again comparable with the present results despite
the fact that in the Swedish study, portion sizes derived from
DR used as a gold standard were also used during the calcu-
lation of dietary GI and GL from FFQ, resulting in overesti-
mation of the ability of the FFQ12. Additionally, one
administration of our DHQ (assessing dietary habits during
the preceding month) seemed to relatively accurately capture
habitual dietary GI and GL over a longer period (i.e. 1 year),
seemingly due to relatively small seasonal variations in diet-
ary GI and GL. To our knowledge, the present study is the
first to examine the reproducibility and relative validity of
dietary GI and GL estimated from dietary questionnaires in
women or in Asian populations.

In the present Japanese study, 49–64 % of dietary GI and
GL was derived from white rice. This finding is consistent
with previous studies in Asia (41–59 %), where white rice is

consumed as a staple food11,17,36, but contrasts with those
from Western studies, where dietary GI and GL are deter-
mined by a variety of foods including potatoes (7–8 %),
breakfast cereals (4–7 %), bread (5 %), rice (5 %) and
orange juice (5 %)5,6,9,37. The quite large contribution of
white rice may account for our relatively accurate estimate
of dietary GI and GL from the DHQ, because white rice is a
staple food in Japan and, because it is consumed regularly
and in relatively fixed amounts, is believed to be more accu-
rately reported than other foods in the DHQ.

The validity of dietary GI and GL derived from the DHQ is
indirectly supported by our previous findings of both a posi-
tive association between dietary GI and GL and fasting
TAG concentrations and a negative association between diet-
ary GL and HDL-cholesterol concentrations in Japanese
women11. Two other FFQ have provided estimates of dietary
GI and GL, and showed them to be associated with fasting
TAG and HDL-cholesterol concentrations in the expected
directions7,8, although the relative validity of dietary GI and
GL derived from these FFQ have not been reported.

Several limitations of the present study should be
mentioned. First, we used DR as a gold standard, but DR
are also susceptible to measurement error due to erroneous

Table 3. Available carbohydrate intake, dietary glycaemic index and dietary glycaemic load estimated from self-administered diet-history questionnaires
(DHQ) conducted in each season over 1 year (DHQ1, DHQ2, DHQ3 and DHQ4) and that conducted 1 year after completion of DHQ1 (DHQ5) and
intraclass correlation in ninety-two Japanese women and ninety-two Japanese men

(Mean values and standard deviations and intraclass correlations)

DHQ1*† DHQ2‡ DHQ3§ DHQ4k DHQ5{ Intraclass r

Mean SD Mean SD Mean SD Mean SD Mean SD DHQs1–4 DHQ1 and DHQ5

Women
Available carbohydrate**

Crude model (g/d) 250·0 45·0 248·8 46·0 239·3 49·5 243·6 47·6 243·5 48·7 0·54 0·39
Residual model (g/d) 250·0 25·1 248·8 29·9 239·3 27·4 243·6 31·5 243·5 28·7 0·60 0·61
Density model (% energy) 52·8 6·2 53·8 6·9 52·3 6·6 52·5 7·3 53·9 7·1 0·70 0·67

Dietary glycaemic index††‡‡
Crude model 64·7 3·6 65·1 4·2 65·4 4·2 64·7 4·1 64·5 4·1 0·64 0·59
Residual model 64·7 3·3 65·1 4·0 65·4 4·0 64·7 4·0 64·5 3·9 0·60 0·57

Dietary glycaemic load††
Crude model 150·3 28·3 151·8 30·4 145·8 31·6 146·5 31·3 146·7 30·7 0·52 0·47
Residual model 150·3 20·9 151·8 24·5 145·8 23·4 146·5 25·9 146·7 23·6 0·62 0·69
Density model (/4184 kJ) 79·7 13·2 82·3 14·6 80·1 14·2 79·2 15·1 81·6 14·6 0·74 0·72

Men
Available carbohydrate**

Crude model (g/d) 300·0 82·0 305·2 80·4 299·0 79·1 296·9 74·1 290·4 69·6 0·61 0·67
Residual model (g/d) 300·0 45·1 305·2 51·5 299·0 47·7 296·9 47·0 290·4 38·9 0·57 0·57
Density model (% energy) 52·6 7·8 51·4 8·4 52·2 8·4 51·1 8·4 51·8 7·4 0·63 0·60

Dietary glycaemic index††‡‡
Crude model 67·1 4·1 66·5 4·2 67·5 4·0 66·6 4·3 66·4 4·5 0·66 0·65
Residual model 67·1 4·1 66·5 4·2 67·5 3·8 66·6 4·2 66·4 4·4 0·65 0·65

Dietary glycaemic load††
Crude model 185·5 57·5 187·9 57·3 186·1 51·3 180·9 50·3 177·2 46·0 0·57 0·66
Residual model 185·5 39·8 187·9 42·6 186·1 39·8 180·9 39·5 177·2 32·6 0·57 0·58
Density model (/4184 kJ) 81·5 17·0 79·1 17·4 81·8 17·4 78·1 17·2 79·3 15·7 0·65 0·63

* The DHQ is designed to assess dietary habits during the preceding month.
† Conducted in November 2002 (autumn).
‡ Conducted in February 2003 (winter).
§ Conducted in May 2003 (spring).
kConducted in August and September 2003 (summer).
{Conducted in November 2003 (autumn).
** Calculated as total carbohydrate minus total dietary fibre.
†† Glycaemic index for glucose ¼ 100.
‡‡ The density model was not used because of a high correlation with energy intake (Pearson r 20·93 to 20·94).
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Table 4. Available carbohydrate intake, dietary glycaemic index and dietary glycaemic load estimated from 4 d semi-weighed dietary records (DR) and self-administered diet-history questionnaires
(DHQ) conducted in each season over 1 year (mean of DR1–4 and mean of DHQ1–4, respectively) and the Pearson correlation and percentage of subjects classified in the same, adjacent and opposite
quintiles between the mean of DR1–4 and that of DHQ1–4 and between the mean of DR1–4 and the first DHQ (DHQ completed before DR; DHQ1) in ninety-two Japanese women and ninety-two Japa-
nese men

(Mean values and standard deviations and Pearson correlations)

Mean of
DR1–4*

Mean of
DHQ1–4†‡

Mean of DR1–4 and mean of DHQ1–4 Mean of DR1–4 and DHQ1

Pearson r Cross-classification (%) Pearson r Cross-classification (%)

Mean SD Mean SD Crude Deattenuated§ Same
quintile

Adjacent
quintile

Opposite
quintile

Crude Deattenuated§ Same
quintile

Adjacent
quintile

Opposite
quintile

Women
Available carbohydratek

Crude model (g/d) 244·8 43·5 245·4 38·1 0·47 0·48 34 40 1 0·42 0·43 32 32 1
Residual model (g/d) 244·8 19·8 245·4 24·0 0·64 0·66 33 45 0 0·59 0·60 38 41 0
Density model (% energy) 52·1 4·2 52·8 6·0 0·65 0·67 42 40 0 0·60 0·62 33 49 0

Dietary glycaemic index{**
Crude model 64·6 3·1 65·0 3·5 0·65 0·68 36 28 0 0·48 0·50 37 33 0
Residual model 64·6 3·0 65·0 3·2 0·69 0·72 47 36 0 0·51 0·53 33 37 1

Dietary glycaemic load{
Crude model 141·1 28·7 148·6 24·4 0·57 0·58 37 36 0 0·52 0·53 32 38 1
Residual model 141·1 17·6 148·6 20·0 0·65 0·66 41 38 0 0·57 0·58 36 36 0
Density model (/4184 kJ) 75·0 9·2 80·2 12·8 0·63 0·64 41 36 1 0·56 0·57 33 41 1

Men
Available carbohydratek

Crude model (g/d) 306·9 58·4 300·3 66·5 0·60 0·61 41 37 1 0·55 0·56 36 35 1
Residual model (g/d) 306·9 34·5 300·3 39·4 0·71 0·72 51 27 0 0·62 0·63 36 41 0
Density model (% energy) 51·4 5·6 51·7 7·2 0·72 0·74 46 41 0 0·61 0·62 41 38 2

Dietary glycaemic index{**
Crude model 66·4 3·3 66·9 3·6 0·63 0·64 41 37 0 0·56 0·58 40 36 0
Residual model 66·4 3·3 66·9 3·6 0·63 0·65 38 37 0 0·55 0·57 39 37 0

Dietary glycaemic load{
Crude model 180·1 40·7 185·1 44·7 0·62 0·63 42 36 1 0·58 0·59 40 32 1
Residual model 180·1 30·4 185·1 33·5 0·70 0·71 49 34 0 0·60 0·60 42 39 0
Density model (/4184 kJ) 75·4 12·1 80·0 15·2 0·73 0·74 43 39 0 0·61 0·62 37 45 2

* Conducted in November and December 2002 (autumn), February 2003 (winter), May 2003 (spring) and August and September 2003 (summer).
† The DHQ is designed to assess dietary habits during the preceding month. In each season, the DHQ was answered before the start of the dietary recording period.
‡ Conducted in November 2002 (autumn), February 2003 (winter), May 2003 (spring) and August and September 2003 (summer).
§ Corrected for seasonal variation in DR.
kCalculated as total carbohydrate minus total dietary libre.
{Glycaemic index for glucose ¼ 100.
** The density model was not used because of a high correlation with energy intake (Pearson r 20·93 to 20·94).
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recording and potential changes in eating behaviour34. How-
ever, errors in DR are thought to have lesser correlation
with errors in DHQ than are errors in 24 h dietary recall or
other instruments that rely on memory34. Second, concerns
have been expressed regarding the utility of GI in mixed
meals38,39. However, many researchers have shown that the
GI of a mixed meal can be predicted consistently as the
mean of the GI values of each of the component foods,
weighted according to their relative contribution to carbo-
hydrate intake40 – 42. In fact, studies using standardised tech-
niques have observed high correlations between observed
and calculated GI values, ranging from 0·84 to 0·9940 – 42.
Third, GI measurements are currently limited to a fairly
small number of foods, and for some of these foods, the
measurements were performed in a small number of individ-
uals3. Errors in the GI values for foods will be shared by
the DR and DHQ and may increase the observed correlations.
Also, the formulations of packaged foods and the varieties of
fruits and vegetables can vary across countries, and the GI
values could be rather different in Japan and other countries.
In the present study, only 136 of 403 GI values in DR
(34 %) and twenty-one of seventy-two GI values in DHQ
(29 %) were derived from Japanese version of foods. Further
information on GI values of Japanese foods is undoubtedly
needed. Fourth, due to the limited amount of information on
GI values as mentioned above, we had to assign several
foods the GI value of the nearest comparable food in both
the DR (37 %) and DHQ (14 %). This strategy is at present

the only feasible epidemiological approach when the GI
value for a food is unavailable. Finally, the generalisability
of the present results may be limited because our subjects
were not a representative sample of general Japanese but
rather volunteers, and thus possibly health-conscious. Despite
the growing interest in dietary GI and GL as markers of dis-
ease risk factors, only two dietary questionnaires (including
our DHQ) have been validated against DR for dietary GI
and GL. Additional validation studies of other dietary ques-
tionnaires would add valuable information on this topic.

In conclusion, our data indicated the reasonable reproduci-
bility and relative validity of dietary GI and GL estimated
from a DHQ for Japanese adults, whose dietary GI and GL
are primarily determined on the basis of the GI of white
rice. Along with our previous findings of expected associ-
ations between dietary GI and GL and fasting TAG and
between dietary GL and HDL-cholesterol using a DHQ11,
the present findings may lend support to the potential use of
dietary questionnaires in studying the relationship between
dietary GI and GL and health in epidemiological studies of
Asian individuals, who eat rice as a staple food.
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