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Abstract Objective: Little is known about the relation of dietary energy density (kilocalories per gram) to
metabolic risk factors, particularly in young adults and non-Western populations. We examined the
cross-sectional associations between dietary energy density and several metabolic risk factors in
free-living young Japanese women.

Methods: The subjects were 1136 female Japanese dietetic students 18-22 y of age. Dietary energy
density was estimated based on foods only, using a self-administered diet history questionnaire;
before the present analysis, this measurement was validated against 16-d weighed dietary records in
92 Japanese women 31-69 y of age (Pearson’s correlation coefficient 0.52). Body height and
weight, from which body mass index (BMI) was derived, waist circumference, and blood pressure
were measured, and fasting blood samples were collected for biochemical measurements.
Results: Mean BMI was 21.3 kg/m” (standard deviation 2.7), mean waist circumference was 72.9
cm (standard deviation 7.1), and mean dietary energy density was 1.41 kcal/g (standard deviation
0.23). After adjustment for potential confounding factors, dietary energy density was positively
associated with BMI (P for trend = 0.004). Dietary energy density also showed an independent and
positive association with waist circumference (P for trend <<0.0001). No significant associations
were observed between dietary energy density and any of the other metabolic risk factors examined.
Conclusion: Dietary energy density was independently and positively associated with BMI and
waist circumference. but not with other metabolic risk factors. in free-living young Japanese women
who are not only lean but whose dietary energy density is also low compared with Western
populations.  © 2007 Elsevier Inc. All rights reserved.

Keywords: Energy density: Metabolic risk factors; Body mass index: Waist circumference; Diet history questionnaire;
Young Japanese women

Introduction ple tend to consume a fairly consistent weight of food,
rather than a consistent energy content [ 1-3], dietary energy

Encrgy density is defined as the amount of energy in a density might play an important role in regulating energy
given weight of food (kilocalories per gram). Because peo- balance and thus in body weight and adiposity [4]. Actually,

several [5—-12], but not all [13-15], cross-sectional observa-
e tional studies of free-living adult populations have shown

* Commesponding author. Tel.; +81-3-3203-8064; fax: +81-3-3202-3278.  the posilive association of dietary energy density with mea-
E-muail address: stssasak@nih.go.jp (8. Sasaki). surements of obesity, al[huugh the sole prospective study
0899-9007/07/% — see front matter © 2007 Elsevier Inc. All rights reserved.

doi:10.1016/j.nut.2007.08.014



K. Murakami et al. / Nutrition 23 (2007) 798—806

failed to find an association between dietary energy density
and 5-y weight change [16]. Additionally, because energy-
dense diets are generally associated with unfavorable di-
etary intake patterns [11,17], they may contribute to adverse
profiles of other metabolic risk factors, independent of obe-
sity, by virtue of such dietary patterns [18] including higher
levels of fat [19] and lower levels of dietary fiber [20] and
fruits and vegetables [21]. A cross-sectional analysis has
actually shown the positive association between dietary
energy density and metabolic syndrome [12].

However, information on the relation of dietary energy
density to obesity and other metabolic risk factors is lacking
among young adult populations. Because the adverse profile
of metabolic risk factors, characterized by the metabolic
syndrome, is an independent predictor of cardiovascular
diseases [22.23] and type 2 diabetes [22,24], the identifica-
tion of modifiable lifestyle factors associated with metabolic
risk factors, e.g., dietary energy density, in young adult
populations is vitally important from a preventive perspec-
tive.

Additionally, associations of dietary energy density with
metabolic risk factors have been poorly investigated in
non-Western populations, including the Japanese [5.15].
Boiled rice contributes the greatest total energy to the Jap-
anese diet (29%) [25], with a relatively low energy density
(1.68 kcal/g) [26] mainly because of high water concentra-
tion (60%) [26]. Further, fat intake is relatively low (=30%
energy) [27] mainly because of low consumption of fats and
oils (accounting for 4.5% energy) [25], foods with the
highest energy density (9 kcal/g). Because these character-
istics are seldom observed in Westerners, a different asso-
ciation of dictary energy density and metabolic risk factors
may exist between Western and Japanese populations.

Therefore, the aim of this cross-sectional study of young
Japanese women was to investigate the associations of di-
etary energy density with several metabolic risk factors,
including body mass index (BMI); waist circumference;
systolic and diastolic blood pressures; total, high-density
lipoprotein (HDL), and low-density lipoprotein (LDL) cho-
lesterol; triacylglycerol; glucose; and glycated hemoglobin.

Materials and methods

The present study was based on a cross-sectional multi-
center survey conducted from February to March 2006 and
from January to March 2007 among female dictetic students
from 15 institutions in Japan. All measurements at each
institution were conducted according to the survey protocol.
Briefly, staff at each institution explained an outline of the
survey to potential subjects. Those who responded posi-
tively were then provided detailed written and oral expla-
nations of the survey’s general purpose and procedure. The
protocol of the study was approved by the ethics committee
of the National Institute of Health and Nutrition, and written
informed consent was obtained from each subject and also
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from a parent for subjects <20 y of age. A total of 1176
Japanese women took part. For the present analysis, women
18-22 y of age were selected (n = 1154). We then excluded
women not completing survey questionnaires (n = 1), those
with extremely low or high reported energy intakes (<500
or >4000 kcal/d, n = 2), those currently receiving dietary
counseling from a doctor or dietitian (n = 13), those with
previously diagnosed diabetes, hypertension, or cardiovas-
cular disease (n 1), and those without measurement of
body height and weight (n = 2). Additionally, women
providing non-fasting blood samples (n = 34) and those
with missing information on any of metabolic risk factors
(n = 16) were excluded from the analyses of biochemical
measurements. Some women fell into more than one exclu-
sion category. The final sample sizes were 1136 for BML
waist circumference, and systolic and diastolic blood pres-
sures and 1087 for cholesterol (total, HDL, and LDL),
triacylglycerol, glucose, and glycated hemoglobin.

Dietary habits during the preceding month were assessed
using a validated, self-administered, comprehensive, diet
history questionnaire (DHQ) [28-30]. Responses to the
DHQ) and those to an accompanying lifestyle questionnaire
were checked at least twice for completeness. When neces-
sary, forms were reviewed with the subject to ensure the
clarity of answers. The DHQ is a 16-page structured ques-
tionnaire that consists of the following seven sections: gen-
eral dietary behavior; major cooking methods; consumption
frequency and amount of six alcoholic beverages; consump-
tion frequency and semiquantitative portion size of 118
selected food and non-alcoholic beverage items; dietary
supplements; consumption frequency and semiquantitative
portion size of 19 cereals (rice, bread, and noodles), soup
consumed with noodles, and miso (fermented soybean
paste) soup; and open-ended items for foods consumed
regularly (at least once per week) but not appearing in the
DHQ [28]. 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 portions were derived mainly from several recipe
books for Japanese dishes [28]. Estimates of dietary intake
for a total of 150 food and beverage items (including five
seasonings), energy, and selected nutrients were calculated
using an ad hoc computer algorithm for the DHQ, which
was based on the Standard Tables of Food Composition in
Japan [26]. Information on dietary supplements and data
from the open-ended questionnaire items were not used in
the calculation of dietary intake [28]. Nutrient and food
intakes were energy adjusted using the density method, i.e.,
percentage of energy for energy-providing nutrients and
amounts per 1000 kcal of energy for other nutrients and
foods. Detailed description of the validity of the DHQ with
respect to commonly studied nutritional factors and the
methods used to calculate dietary intake have been pub-
lished elsewhere [28-30]. For example, Pearson’s correla-
tion coefficients between the DHQ and 3-d estimated di-
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etary records were 0.48 for energy, 0.48 for protein, 0.55 for
fat, and 0.48 for carbohydrate in 47 women [28].

Using dietary intake information estimated from the
DHQ as described above, dietary energy density was cal-
culated by dividing each subject’s reported energy intake
(kilocalories per day) by the reported weight of foods con-
sumed (grams per day), based on foods only (128 items);
excluded from the calculation were caloric and non-caloric
beverages (fruit and vegetable juice, four items; soft drinks,
four items; milks, three items; alcoholic beverages, six
items; tea, two items: coffee, one item; diet drinks, one item;
and drinking water, one item) [31]. Before the present
analysis, the relative validity of dietary energy density es-
timated from the DHQ was examined against that from the
16-d weighed dietary records in 92 women 31-69 y of age.
A total of 1299 food and beverage items appeared in the
16-d dietary records. Using dietary intake information esti-
mated from the 16-d dietary records based on the Standard
Tables of Food Composition in Japan [26], dietary energy
density was similarly calculated by dividing reported energy
intake (kilocalories per day) by the reported weight of foods
consumed (grams per day), based on foods only (1186
items); excluded from the calculation were caloric and non-
caloric beverages (fruit and vegetable juice, 35 items; soft
drinks, 11 items; milks, 18 items; alcoholic beverages, 32
items; tea, 13 items; coffee, 3 items; and drinking water, 1
item; diet drinks did not appear) [31]. Pearson’s correlation
coefficient between the two methods was 0.52 (unpublished
observations, S. Sasaki, 2006), which is comparable to the
only previous study to calculate dietary energy density from
dietary questionnaire data (0.32-0.60) [8]. This method of
calculating dietary energy density has been shown to pro-
vide the best correlations with measurements of obesity in
previous analyses of American adults [11]. Alternative
methods of calculating dietary energy density, based on the
inclusion of beverages, were associated with higher vari-
ance ratios, which may diminish associations when exam-
ining health outcomes [31]. The inclusion of beverages,
whether caloric or not, in energy density calculations may
have a disproportionate influence on individual values, be-
cause beverages have a much lower energy density than
foods [31]. Additionally, the inclusion of beverages in en-
ergy density calculation resulted in the lower correlation of
dietary energy density between our DHQ and dictary
records (unpublished observations, S. Sasaki, 2006).

Metabolic risk factors were measured 1-3 d after com-
pletion of the questionnaires. Body height was measured (o
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 (kilo-
grams) divided by the square of body height (meters). Waist
circumference was measured at the level of the umbilicus to
the nearest 0.1 ¢cm. The measurement was taken at the end
of a normal expiration while the subject was standing erect
with her arms at her side and feet together. Systolic and
diastolic blood pressures were measured on the left arm
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with an automatic device (Omron model HEM-770A, Om-
ron Health Care, Kyoto, Japan) after the subject had been
sitting quietly for =3 min. A second measurement was
carried out about | min after the first, and the mean value of
the two was used. Peripheral blood samples were obtained
from subjects after an overnight fast. Blood was collected in
evacuated tubes containing no additives, allowed to clot,
and centrifuged at 3000g for 10 min at room temperature to
separate the serum. Blood samples for glycated hemoglobin
measurements were also collected in evacuated tubes con-
taining no additives. In accordance with the survey protocol,
blood samples were transported at —20°C by car or airplane
to ensure delivery to a laboratory in Tokyo, Japan (SRL Inc.
in 2006 and Mitsubishi Kagaku Bio-Clinical Laboratories
Inc. in 2007). All biochemical variables used in the present
study were assayed at the laboratory within 1-2 d of col-
lection to avoid significant degradation. Serum total, LDL,
and HDL cholesterol, triacylglycerol, and glucose concen-
trations were measured by enzymatic assay methods. Gly-
cated hemoglobin was measured by latex agglutination-
turbidimetric  immunoassay. In-house quality-control
procedures for all assays were conducted at the respective
laboratory.

In the lifestyle questionnaire, the subject reported her
residential area, which was grouped into one of three re-
gions (residential block: north [Kanto, Hokkaido, and To-
hoku], central [Tokai, Hokuriku, and Kinki], or south [Ky-
ushu and Chugoku]). The residential areas were also
grouped into three categories according to population size
(size of residential area: city with population =1 million,
city with population <1 million, or town and village).
Current smoking (yes or no) was self-reported on the life-
style questionnaire. Rate of eating was self-reported as part
of the DHQ according to one of five qualitative categories
(very slow, relatively slow, medium, relatively fast, and
very fast). This variable was significantly and directly as-
sociated with BMI in a previous study of 18-y-old Japanese
women [32]. Because relatively few subjects were catego-
rized into the extreme categories (very slow and very fast)
in the present study, they were included in their adjacent
categories (relatively slow and relatively fast, respectively),
and the three categories (slow, medium, or fast) were con-
sequently used. Subjects also reported on the lifestyle ques-
tionnaire the time they usually got up and went to bed,
which was used 1o calculate sleeping hours, and the fre-
quency and duration of high-intensity activities (e.g., car-
rying heavy loads; bicycling, moderate effort; jogging; and
singles lennis), moderate-intensity activities (e.g., carrying
light loads; bicycling, light effort; and doubles tennis),
walking, and sedentary activities (e.g., studying; reading;
and watching television) during the preceding month. Each
activity was assigned a metabolic equivalent value from a
previously published table (0.9 for sleeping, 1.5 for seden-
tary activity, 3.3 for walking, 5.0 for moderate-intensity
activity, and 7.0 for high-intensity activity) [33]. The num-
ber of hours spent per day on cach activity was multiplied
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by the metabolic equivalent value of that activity, and all
metabolic equivalent-hour products were summed to pro-
duce a total metabolic equivalent-hour score for the day,
which was used as a measurement of physical activity. The
ratio of total energy intake to estimated energy expenditure
was used as a measurement of dietary intake misreporting.
Energy expenditure can be estimated as basal metabolic rate
multiplied by an appropriate physical activity level value
[34]. Basal metabolic rate was estimated using measured
body weight according to the FAO/WHO/UNU equation for
women 18-30 y of age [35]. The basal metabolic rate
calculated from the Food and Agriculture Organization/
World Health Organization/United Nations University
equations was relatively comparable to the measured basal
metabolic rate in Japanese people at the group level (means
1182 and 1107 kcal/d, respectively) [36]. In the absence of
an accurate and comprehensive measurement of physical
activity, we could not assign each subject an appropriate
physical activity level value. In our sample, self-reported
time spent on sedentary activities was predominant com-
pared with that spent on high-intensity activities, moderate-
intensity activities, and walking (means 16.46, 0.06, 0.24,
and 0.44 h/d, respectively), indicating a predominantly sed-
entary lifestyle. We thus estimated energy expenditure as
estimated basal metabolic rate by physical activity level
value for light activity (1.56) [35].

Diectary energy density was examined in relation to 10
metabolic risk factors, namely BMI, waist circumference,
systolic and diastolic blood pressures, cholesterol (total,
HDL, and LDL), triacylglycerol, glucose, and glycated he-
moglobin. All statistical analyses were performed using
SAS 8.2 (SAS Institute, Cary, NC, USA). Linear regression
models were constructed using the PROC GLM procedure
to examine the association between dietary energy density
with metabolic risk factors. For the analyses, subjects were
categorized into quartiles according to dietary energy den-
sity. The mean = standard error metabolic risk factor values
were calculated by quartiles of dietary energy density after
multivariate adjustment for potential confounding factors.
Confounding factors included residential block, size of res-
idential area, survey vear (2006 or 2007; because of the
different laboratories used for blood analyses for the 2006
and 2007 surveys, even though there were no differences in
the assay methods), current smoking, rate of eating, physical
activity (continuous), and the ratio of total energy intake to
estimated energy expenditure (continuous). BMI (continu-
ous) was added as a confounding factor in all analyses
except for that for BMI itself. Waist circumference (contin-
uous) was also added as a confounding factor in the anal-
yses except for those for BMI and waist circumference. Be-
cause the inclusion of measurements of obesity (BMI and/or
waist circumference) as confounding factors did not influence
the results materially, we present the full-adjustment models
only. Linear trends with increasing levels of dietary energy
density were tested for by assigning each participant a
median value for the category and modeling this value as a
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continuous variable. All reported P values are two-tailed,
and P < 0.05 was considered statistically significant.

Results

Basic characteristics of all subjects (n 1136; those
included in the analyses of BMI, waist circumference, and
systolic and diastolic blood pressures) are presented in Ta-
ble 1. Mean BMI was 21.3 kg/m?, mean waist circumfer-
ence was 72.9 ¢cm, and mean dietary energy density was
1.41 kcal/g. The potential confounding variables for all sub-
jects are listed in Table 2 according to quartile of dietary
energy density. There was a positive association of dietary
energy density with rate of eating and the ratio of total energy
intake to estimated energy expenditure. Dietary energy den-
sity was also positively associated with BMI and waist
circumference. The dietary intakes of all subjects are re-
ported in Table 3 according to quartile of dietary energy
density. Dietary energy density was associated positively
with energy intake and negatively with amount of foods
consumed. For nutrients, dietary energy density was asso-
ciated positively with fat and negatively with water, dietary
fiber, protein, and carbohydrate. For foods, dietary energy
density was associated positively with bread, sugar and
confectionaries, and fats and oils, and negatively with fruits
and vegetables, noodles, rice, and meats and fish. According
to the quartile of dietary energy density, similar patterns
were observed for potential confounding factors and dietary
intake among those subjects included in the analyses of
cholesterol (total, HDL, and LDL), triacylglycerol, glu-
cose, and glycated hemoglobin (n 1087, data not
shown). The multivariate-adjusted mean values for met-

Table 1

Basic characteristics of subjects (n = 1136)*

Variable

Age (y) 19.6:£7111
Body height (cm) 1584 = 5.5
Body weight (kg) 53677
Body mass index (kg/m?) 213 +27
Waist circumference (cm) F28:%7.1
Systolic blood pressure (mmHg) 106.4 + 10.6
Diastolic blood pressure (mmHg) 69.3 £ 8.2
Total cholesterol (mg/dL) 189.1 * 316
HDL cholesterol (mg/dL) 707+ 127
LDL cholesterol (mg/dL) 107.1 +27.0
Trnacylglycerol (mg/dL) 61.1 =288
Glucose (mg/dL) 84.1 * 6.4
Glycated hemoglobin (%) 4.87 = 0.26
Dietary energy density (kcal/g)” 1.41 £ 0.23

HDL., high-density lipoprotein: LDL, low-density lipoprotein

* Values are means = SDs: n = 1087 for cholesterol (total, HDL, and
LDL). tracylglyeerol, glucose, and glycated hemoglobin.

* Calculated based on foods only; excluded from the calculation were
caloric and non-caloric beverages (fruit and vegetable juices, soft drinks,
milks, alcoholic beverages, tea, coffee, diet drinks. and drinking water).
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Table 2
Selected charactenistics according to quartile of dietary energy density (n = 1136)*
Variable All (n = 1136) Quartiles of dietary energy density (median) P’
1 (1.16 kcal/g) 2 (1.32 keal/g) 3 (1.46 keal/g) 4 (1.67 kcal/g)
(n = 284) (n = 284) (n = 284) (n = 284)
Residential block 070
North (Kanto, Hokkaido, and Tohoku) 636 (56) 161 (57) 162 (57 163 (57) 150 (53)
Central (Tokai, Hokuriku, and Kinki) 275 (24) 66 (23) 66 (23) 62 (22) 81 (29)
South (Kyushu and Chugoku) 225 (20) 57 (20) 56 (20) 59 (21) 53(19)
Size of residential area 0.18
City with population =1 million 183 (16) 43 (15) 45 (16) 52 (18) 43 (15)
City with population <<1 million 883 (78) 216 (76) 224 (79) 212 (75) 231 (81)
Town and village 70 (6) 25(9) 15(5) 20(7) 10 (4)
Survey year 0.003
2006 461 (41) 131 (46) 117 (41) 119 (42) 94 (33)
2007 675 (59) 153 (54) 167 (59) 165 (58) 190 (67)
Current smoking 0.80
No 1107 (97) 275 (97) 281 (99) 272 (96) 279 (98)
Yes 29 (3) 9(3) 3 12 (4) 5(2)
Rate of eating 0.021
Slow 343 (30) 93(33) 81(29) 93 (33) 76 (27)
Medium 344 (30) 102 (36) 86 (30) 71 (25) 85 (30)
Fast 449 (40) 89 (31) 117 (41) 120 (42) 123 (43)
Physical activity (total metabolic 33931 342 > 39 33724 340 =38 337=x 27 025
equivalents-hours/d)
Ratio of total energy intake to estimated 0.88 =0.23 0.86 =023 0.87 = 0.20 0.89 = 0.21 0.92.x 027 0.002
energy expenditure
Body mass index (kg/n12} 21329 21130 21.2 2.5 2L5 228 21.6% 2.5 0.033
Waist circumference (cm) 7292 7.1 NTETS 725 60 736171 739=x74 <0.000

* Values are numbers of subjects (%) or means = SDs. Dietary energy density was calculated based on foods only; excluded from the calculation were
caloric and non-caloric beverages (fruit and vegetable juices, soft drinks, milks, alcoholic beverages, tea, coffee, diet drinks, and drinking water).
" For categorical variables, a Mantel-Haenszel chi-square test was used; for continuous variables. a linear trend test was used with the median value in

each quartile as a continuous variable in linear regression.

abolic risk factors across quartiles of dietary energy den-
sity are listed in Table 4. After adjustment for potential
confounding factors, dietary energy density was posi-
tively associated with BMI (mean difference between the
lowest and highest quartiles 0.6 kg/m?, P for trend =
0.004). Dietary energy density also showed an indepen-
dent and positive association with waist circumference
(mean difference 1.7 ecm, P for trend <0.0001). No sig-
nificant associations were observed between dietary en-
ergy density and any of the other metabolic risk factors
examined.

Discussion

We found that dietary energy density was independently
and positively associated with BMI and waist circumfer-
ence, but not with other metabolic risk factors, in a group
of young Japanese women who are not only lean but
whose dietary energy density is also low compared with
Western populations [11.12,31]. To our knowledge, this
is the first study to examine the relations between dictary
energy density and metabolic risk factors in young adult
populations.
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Our mean estimalte of dietary energy density (calculated
based on foods only, 1.41 kcal/g) was considerably lower
than that observed in Western studies (1.79-1.85 kcal/g)
[11.12,31]. This may be due to higher consumption of rice
and noodles (foods high in water content) accompanied by
lower intake of energy-dense foods such as fats and oils and
sugar and confectionaries in our subjects than in Western
populations [11.17]. Lower dietary energy density was as-
sociated with more favorable dietary intake patterns in the
present study, including higher intake of dietary fiber and
fruits and vegetables and lower intake of dietary energy and
fat, fats and oils, and sugar and confectionaries, which is
generally consistent with previous Western studies [11,17].
However, major contributors 1o dietary energy density seem
to dilfer between Asian and Western populations. Although
water intake and fat intake were 77% higher and 11% lower,
respectively, in the lowest than in the highest quartiles of
dietary energy density in our Japanese population, fat intake
was about 20% lower in the lowest than in the highest
tertiles of dietary energy density in Western adults (data not
available for water) [11,17]. In a Chinese population, only
water had a strong influence on dietary energy density [5].
Thus, it is speculated that low energy-dense diets in Asian
populations are characterized mainly by higher consump-
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Table 3
Dietary intake according to quartile of dietary energy density (n = 1136)*
Variable All (n = 1136) Quartiles of dietary energy density (median) P for
| (16 keallp)  2(132 kel 3 (146 keally) 4 (167 kealp)  °°
(n = 284) (n = 284) (n = 284) (n = 284)
Energy intake (kcal/d) 1640 * 417 1568 + 381 1611 = 359 1658 = 399 1724 * 501 <0.0001
Amount of foods consumed (g/d) 1187 = 325 1383 = 341 1221 = 275 1132 =275 1010 = 286 <0.0001
Nutrient intake
Protein (% energy) 133*19 14319 13.6 1.7 1310'% 1.6 124+ 1.8 <0.0001
Fat (% energy) 294+ 54 278 +48 284+ 49 302 £33 31359 <0.0001
Carbohydrate (% energy) 56.0 £ 6.1 57059 56.7'%£ 57 553 59 548 = 6.8 <0.0001
Water (g/1000 kcal) 511 = 116 663 =76 $39 = 25 466 = 24 374 = 49 <0.0001
Dietary fiber (g/1000 kcal) 71 x21 9123 T304 64=*13 Ly s 24 Bl <0.0001
Food intake (g/1000 kcal)
Rice 167.7 = 66.1 174.7 = 60.0 178.0 = 574 1649 *+ 67.4 1532 £ 754 <0.0001
Bread 202 * 16.8 135114 174 + 12,6 216 £ 17.7 28.4 + 204 <0.0001
Noodles 409 * 344 51.0 £41.7 449 = 357 40.5 = 29.5 27.4:%.23.7 <0.0001
Sugar and confectioneries 5522237 440=* 178 498 = 182 58.7£239 682 + 263 <0.0001
Fats and oils 127 59 12152 11949 134 + 6.2 132+ 64 0.004
Fruits and vegetables 160.6 = 85.0 2452 = 101.5 168.0 = 55.3 131.6 = 454 973383 <0.0001
Meats and fish 66.0 = 25.2 704 =253 67.9 + 243 65.7 £23.2 59.9 = 26.8 <0.0001

* Values are means = SDs. All dietary variables were calculated based on foods only; excluded from the calculation were caloric and non-caloric
beverages (fruit and vegetable juices. soft drinks, milks, alcoholic beverages, tea, coffee, diet drinks, and drinking water).
¥ A linear trend test was used with the median value in each quartile as a continuous variable in linear regression.

tion of foods high in water content (hence energy-dilute Dictary energy density was independently associated
foods), whereas these in Western populations are character- with BMI and waist circumference in this group of lean
ized mainly by lower consumption of foods high in fat young Japanese women. Several cross-sectional studies in
content (hence, energy-dense foods). This important point Western countries have found lower dietary energy density
of difference between Western and Asian populations needs values to be associated with a more favorable BMI [6-12]
to be investigated in future studies. and waist circumference [12], whereas other have not sup-
Table 4
Metabolic risk factors according to quartile of dietary energy density (n = 1136)*
Variable Quartiles of dietary energy density (median) P for

t

I (1.16 keal/g) 2 (1.32 keallg) 3 (146 keal/g) 4 (167 keallg) e
(n = 284) (n = 284) (n = 284) (n = 284)

Body mass index (kg/m*)* 21.1 =02 21.1 =02 21,5+ 02 2177402 0.004
Waist circumference (cm)*® 720=03 72T 03 733203 1BI=03 <0.0001
Systolic blood pressure (mmHg)*¥ 106.5 + 0.6 106.3 = 0.6 107.0 = 0.6 105.8 = 0.6 0.54
Diastolic blood pressure {mmHg,ik‘ 695+ 05 692 =04 70.0 £ 0.5 68.6 0.5 0.32
Total cholesterol (mg/dL)**! 1883 = 1.9 1876 + 1.9 190.7 = 1.9 189.7 £ 1.9 0.42
HDL cholesterol (mg/dL)*¥ 700 = 0.8 709 = 0.8 708 = 0.8 712+08 0.31
LDL cholesterol (mg/dL)*¥! 106.7 £ 1.6 1048 + 1.6 108.5 = 1.6 1082+ 16 0.28
Triacylglycerol (mg/dL)™¥ 60.1 + 1.7 60.0 + 1.7 645+ 17 599 *17 0.75
Glucose (mg/dL)*! 83.8 + 0.4 838 + 04 845+ 04 842 + 0.4 0.34
Glycated hemoglobin (%) 4.85 + 0.02 4.87 + 0.02 4.87 = 0.02 4.88 = 0.02 0.16

HDL., high-density lipoprotein; LDL, low-density lipoprotein

* Values are adjusted means + SEs; n = 1087 for cholesterol (total, HDL, and LDL), triacylglycerol, glucose, and glycated hemoglobin (271 in the first
quartile and 272 in the second, third, and fourth quartiles). The median value of dietary energy density in each quartile is the same. Dietary energy density
was calculated based on foods only; excluded from the calculation were caloric and non-caloric beverages (fruit and vegetable juices, soft drinks, milks,
alcoholic beverages, tea, coffee, diet drinks. and drinking water).

* A linear trend test was used with the median value in each quartile as a continuous variable in linear regression.

* Adjusted for residential block (north [Kanto, Hokkaido, and Tohoku], central [Tokai, Hokuriku, and Kinki], or south [Kyushu and Chugoku]), size of
residential area (city with population =1 million, city with population with <1 million, or town and village), survey year (2006 or 2007), current smoking
(yes or no), rate of eating (slow, medium, or fast), physical activity (total metabolic equivalents-hours per day. continuous), and ratio of total energy intake
1o estimated energy expenditure (continuous).

¥ Also adjusted for body mass index (continuous).

I Also adjusted for waist circumference (continuous).
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ported such an association [13,14]. Among Chinese popu-
lations, one study observed a positive association between
dietary energy density and BMI [5], but another found no
relation with the percentage of body fat [15]. The sole
prospective study, where diet was assessed at baseline only,
failed to find an association between dietary energy density
and 5-y weight change [16]. Potential explanations for the
inconsistent findings may be differences in the populations
examined, dietary assessment methods used, and number
and type of variables used as confounding factors. However,
because these studies used different (or unclear) schemes to
include beverages in the calculation of dietary energy den-
sity, comparison of these results may be difficult. Not only
because inclusion of beverages when calculating dietary
energy density may weaken associations with outcome mea-
sures owing to increased within-person variation [31], but
also because the inclusion of beverages in energy density
calculation lowered the correlation of dietary energy density
between our DHQ and dietary records (unpublished obser-
vations, S. Sasaki, 2006), we used in the present study
dietary energy density calculated based on foods only. Pre-
vious studies using dietary energy density based on food
only have consistently shown a positive association with
BMI [10-12] and waist circumference [12], which is in
agreement with our findings.

A very recent cross-sectional study of American adults
has shown positive associations of dietary energy density
(based on foods only) with fasting insulin and the prev-
alence of metabolic syndrome, but not with glycated
hemoglobin and fasting glucose (data not available for
other factors) [12]. In our population of lean young
Japanese women, dietary energy density was not associ-
ated with diastolic blood pressure, cholesterol (total,
HDL, and LDL), triacylglycerol, glucose, and glycated
hemoglobin (data not available for insulin). Dietary en-
ergy density might not have an influence on metabolic
risk factors except for obesity in lean and young popu-
lations. Further research on this important public health
issue 18 warranted.

Several limitations of the present study warrant mention.
First, the cross-sectional nature of the study does not permit
the assessment of causality owing to the uncertain tempo-
rality of the association. We cannot rule out the possibility
that the dict and obesity links observed are due to post hoc
changes in dietary behavior as a consequence of obesity,
although it is unlikely that people consume unhealthier diets
(e.g., energy-dense diets) as a result of obesity. Therefore, a
prospective study or trial should be undertaken to confirm
the relation between dietary energy density and metabolic
risk factors. Second. our subjects were selected female di-
etetic students, not a random sample of Japanese women. In
addition, because of our recruitment procedure, the exact
response rate was unknown, which might have produced
recruitment bias. Thus, these results may not apply to the
general Japanese population, although our population was
on average comparable to a representative sample of Japa-
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nese women 20-29 y of age, at least with regard to several
metabolic risk factors including BMI (20.9 kg/m?), systolic
blood pressure (108.8 mmHg), diastolic blood pressure
(67.0 mmHg), total cholesterol (180.6 mg/dL), HDL cho-
lesterol (68.9 mg/dL), and glycated hemoglobin (4.91%;
data not available for other metabolic risk factors and di-
etary energy density) |[27]. Further, because the study pop-
ulation consisted of generally healthy persons, the clinical
relevance of our findings remains to be elucidated. Never-
theless, our results should provide valuable insight from a
prevention perspective. Third, a self-administered semi-
quantitative dietary assessment questionnaire (i.e., DHQ)
was used to collect dietary data [28-30]. Because actual
dietary habits were not observed, the results should be
interpreted with caution. However, the correlation between
DHQ and dietary records for dietary energy density was
reasonable and comparable to the only previous study to
calculate dietary energy density from dietary questionnaire
data [8], suggesting the applicability of the DHQ in energy
density research. Additionally, the misreporting of dietary
intake, particularly by overweight subjects, is a serious
problem associated with self-report dietary assessment
methods [37]. To minimize possible influence of dietary
misreporting, we included the ratio of total energy intake to
estimated energy expenditure as a confounding factor in the
models. Although consistent misreporting across all types
of foods would likely have little influence on dietary
energy density values [10], studies have indicated that
overweight persons may selectively under-report their
intake of fatty or sugary foods [38,39], which could cause
dietary energy density estimations to be lower than actual
values. However, although potential selective under-re-
porting by subjects with a high BMI or waist circumfer-
ence would likely have weakened associations of dietary
energy density with measurements ol obesity and possi-
bly to a null finding, we did find significant associations
between dietary energy density and both BMI and waist
circumference. Fourth, although adjustments were at-
tempted to compensate for a variety of potential con-
founding variables, residual confounding could not be
ruled out. In particular, physical activity was assessed
relatively roughly from only five activities, which may
not have been sufficient.

Conclusions

Dietary energy density was independently associated
with BMI and waist circumference, but not with other met-
abolic risk factors, in young Japanese women. Because the
cross-sectional nature of our study precludes causal infer-
ences, any firm conclusions regarding the effects of dietary
energy density on metabolic risk factors will require addi-
tional studies.
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Dietary fiber intake, dietary glycemic index and load,
and body mass index: a cross-sectional study of 3931
Japanese women aged 18-20 years
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Objective: Few observational studies have investigated dnetary fiber intake and dietary glycemic index (Gl) and glycemic load
(GL) simultaneously in relation to obesity, particularly in non-Western populations. We examined the associations between
dietary fiber intake and dietary Gl and GL, and body mass index (BMI) in young Japanese women.

Design: Cross-sectional study.

Subjects: A total of 3931 female Japanese dietetic students aged 18-20 years from 53 institutions in Japan.

Methods: Dietary fiber intake and dietary Gl and GL (Gl for glucose = 100) were assessed by a validated, self-administered, diet
history questionnaire. BMI was calculated from self-reported body weight and height.

Results: Mean values of BMI, dietary fiber intake, dletary Gl and dietary GL were 21.0kg/m?, 6.5g/4186k|, 65.1 and 82.1/
4186 k|, respectively. White rice (Gl = 77) was the major contributor to dietary Gl and GL (45.8%). After controlling for potential
dietar?r and nondietary confounding factors, dietary fiber intake was negatively correlated with BMI (adjusted mean = 21.1
kg/m* in the lowest and 20.7 kg/m? in the highest quintiles; P for trend = 0.0007). Conversely, dietary Gl and GL were
independently positively correlated with BMI (20.8 and 21. 2kg/m?; P for trend=0.03, and 20.5 and 21.5kg/m? P for
trend = 0.0005, respectively).

Conclusions: Dietary fiber intake showed an independent negative association with BMI, and dietary Gl and GL showed an
independent positive association with BMI among relatively lean young Japanese women.
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Introduction

Dietary fat intake has long been assumed to be a major
nutritional contributing factor to obesity, but the results of
observational studies have been mixed (Appleby et al. , 1998;
Ludwig et al., 1999; Stookey, 2001; Sasaki et al., 2003; Spencer
et al., 2003; Howarth et al., 2005). Although this incon-
sistency may be due to selective underestimation of dietary
fat intake by obese people (Goris et al., 2000), the potential
role of dietary carbohydrate in the development of obesity
has thus become an important question, because the intake
of another macronutrient, protein, is fairly constant in
normal diets.

Dietary carbohydrate is typically divided into simple sugar
and complex carbohydrate on the basis of their degree of
polymerization. Their effects on health, however, may be
better described according to their physiological effects,



specifically, their ability to raise blood glucose (Augustin
et al.,, 2002), because the blood glucose response varies
substantially among different carbohydrate-containing
foods, and cannot be predicted by their chemical composi-
tion (Wolever, 1990). This different glycemic response is
quantified according to the glycemic index (GI), which is a
measure of how much each available carbohydrate-contain-
ing food raises blood glucose in comparison with a standard
food of either glucose or white bread (per 50g of available
carbohydrate) (Jenkins et al., 1981). In consideration of the
amounts of carbohydrate-containing foods and total dietary
carbohydrate, the concept of glycemic load (GL: GI x avail-
able carbohydrate content) has also been proposed
(Salmeron ef al., 1997a, b).

Independent positive association between dietary Gl and/
or GL and a measure of obesity has been reported in several
(Toeller et al., 2001; Ma et al., 2005; Sahyoun et al., 2005;
Murakami et al., 2006b), although not all (Amano et al.,
2004; Liese et al., 2005), observational studies. In contrast,
intake of dietary fiber {unavailable carbohydrate) has been
shown to be independently negatively associated with a
measure of obesity in several (Appleby ef al., 1998; Ludwig
et al., 1999; Liu et al., 2003; Sasaki et al., 2003; Spencer et al.,
2003; Howarth et al., 2005; Liese et al., 2005), but not all
(Stookey, 2001), observational studies. Although high diet-
ary fiber intake is often correlated with low dietary GI and/or
GL (Howarth et al., 2001; Bouche et al., 2002; Scholl et al.,
2004; Schulze et al., 2004; Sloth et al.,, 2004; Schulz et al.,
2005), few observational studies have examined these diet-
ary factors simultaneously in relation to a measure of obesity,
especially in non-Western populations (Toeller et al., 2001;
Amano et al., 2004; Sahyoun et al., 2005). Clearly, additional
studies are needed on the effects of these dietary factors on
the development of obesity. In this cross-sectional study of
young Japanese women, we thus examined the associations
of total, soluble and insoluble dietary fiber intake and dietary
Gl and GL with body mass index (BMI) while controlling for
a series of potential dietary and nondietary confounders.

Subjects and methods

Subjects and survey procedure

The present study was based on a self-administered ques-
tionnaire survey of a wide range of dietary and nondietary
behaviors among dietetic students (n=4679) from 54
universities, colleges and technical schools in 33 of 47
prefectures in Japan. A detailed description of the study
design and survey procedure is published elsewhere
(Murakami et al., 2006a). Briefly, during an orientation session
or a first lecture designed for freshman students who entered
dietetic courses in April 2005, students answered a dietary
assessment questionnaire and another questionnaire on
other lifestyle items during the preceding month; in most
institutions, this was carried out within 2 weeks after the
course began. Responses to the questionnaires were checked
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at least twice for completeness. When necessary, forms were
reviewed with the student to ensure the clarity of answers.
Most surveys were completed by May 2005. The protocol of
the present study was approved by the Ethics Committee of
the National Institute of Health and Nutrition.

In total, 4394 students (4168 women and 226 men)
answered both questionnaires (response rate =93.9%). For
the purposes of the current analysis, we selected female
subjects aged 18-20 years (n =4060). We then excluded from
these 4060 women those who were in an institution where
the survey had been conducted at the end of May (n=98),
those with extremely low- or high-energy intake (<2093 or
>16744kJ/day) (n=23), and those with missing informa-
tion on variables used in the present study (n=12). As some
subjects were in more than one exclusion category, the final
analvsis sample comprised 3931 women.

Dietary assessment

Dietary habits during the previous month were assessed
using a previously validated, self-administered diet history
questionnaire (DHQ) (Sasaki et al., 1998a, b, 2000). This is a
16-page structured questionnaire that consists of the follow-
ing seven sections: general dietary behavior; major cooking
methods; consumption frequency and amount of six alco-
holic beverages; consumption frequency and semi-quantita-
tive portion size of 121 selected food and nonalcoholic
beverage items; dietary supplements; consumption fre-
quency and amount of 19 staple foods (rice, bread, noodles
and other wheat foods) and miso soup (fermented soybean
paste soup); and open-ended items for foods consumed
regularly (= once/week) but not appearing in the DHQ. The
food and beverage items and portion sizes in the DHQ were
derived primarily from data in the National Nutrition Survey
of Japan and several recipe books for Japanese dishes (Sasaki
et al,, 1998a).

Estimates of dietary intake for 147 food and beverage
items, energy, protein, fat, total carbohydrate, alcohol, and
total, soluble and insoluble dietary fiber, were calculated
using an ad hoc computer algorithm for the DHQ, which was
based on the Standard Tables of Food Composition in Japan
(Science and Technology Agency, 2000). Information on
dietary supplements and data from the open-ended ques-
tionnaire items were not used in the calculation of dietary
intake. Dietary fiber was determined by an enzymatic-
gravimetric procedure (the modified Prosky method)
(Science and Technology Agency, 2000) from the intake of
86 fiber-containing foods in the DHQ. Detailed descriptions
of the methods used for calculating dietary intake and the
validity of the DHQ have been published elsewhere (Sasaki
et al,, 1998a,b, 2000). The Pearson correlation coefficients
between DHQ and 3-day dietary records were 0.48 for energy,
0.48 for protein, 0.55 for fat and 0.48 for total carbohydrate
among 47 women (Sasaki et al., 1998a). In addition, the
Pearson correlation coefficients between DHQ and 16-day
dietary records were 0.79 for alcohol, 0,69 for total dietary
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fiber, 0.62 for soluble dietary fiber and 0.70 for insoluble
dietary fiber among 92 women (Sasaki, unpublished ob-
servations, 2004).

The GI of a food is defined as the 2-h incremental area
under the blood glucose response curve after consumption of
a food portion containing a specific amount, usually 50g,
of available carbohydrate, divided by the corresponding
area after consumption of a portion of a reference food,
usually glucose or white bread, containing the same amount
of available carbohydrate, and multiplied by 100 to be
expressed as a percentage (Foster-Powell et al., 2002). We
calculated dietary GI by multiplying the percentage con-
tribution of each individual food to daily available carbo-
hydrate intake by the Gl value of the food, and then summing
these products. Available carbohydrate was calculated as
total carbohydrate minus total dietary fiber (Foster-Powell
et al., 2002). We also calculated dietary GL by multiplying
the dietary Gl by the total amount of daily available
carbohydrate intake (divided by 100). Although there have
been concerns regarding the utility of the GI for mixed meals
(overall diet) (Coulston et al., 1987; Hollenbeck and
Coulston, 1991), many researchers have shown that the GI
of a mixed meal can be predicted consistently as the
weighted mean of the GI values of each of the component
foods (Wolever and Jenkins, 1986; Chew et al., 1988; Wolever
et al., 1991), which was used in the present study.

To determine the GI value of each food for these
calculations, each food item on the DHQ was directly
matched to foods in the international table of food Gl
(Foster-Powell et al., 2002), several publications about the GI
of Japanese foods (Sugiyama et al., 2003a, b; Hashizume et al.,
2004) and a very recent paper about the GI of potatoes
(Fernandes et al., 2005). Glucose was used as the reference
(GI for glucose = 100). The white bread-based Gl values were
transformed into glucose-based Gl values by multiplying
white bread-based Gl by 0.7, as in Western studies (Foster-
Powell et al., 2002; Fernandes et al., 2005), or by 0.73 (= 100/
137 (white bread-based GI value of white bread/white bread-
based Gl of glucose)) as in Japanese studies (Hashizume et al.,
2004). The white rice-based GI values were transformed into
glucose-based Gl values by multiplying white rice-based Gl
by 0.82 (=100/122 (white rice-based GI of white rice/white
rice-based GI of glucose)) (Sugiyama et al., 2003a, b). Where
more than one GI value was available, Gl values were
averaged. Ten foods for which a GI value had not been
determined were assigned a value corresponding to the
nearest comparable food.

Although alcoholic beverages contain little carbohydrate,
large quantities of several alcoholic beverages, such as beer
and sake, may raise glucose levels slightly. However, GI
values of alcoholic beverages have not been established
(Ma et al., 2005, Murakami et al, 2006b). Moreover,
contribution of available carbohydrate from alcoholic bev-
erages to total available carbohydrate intake was quite low in
our population (0.1+0.5%, mean+s.d.). Thus, we ignored
alcoholic beverages during the calculation of dietary GI and
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GL in the present study. Furthermore, foods with a very low
available carbohydrate content were excluded because their
Gl values cannot be tested. The cutoff point for exclusion of
foods was set at 3.5g of available carbohydrate per serving
(Ma et al., 2005).

Of the total 147 food and beverage items included in the
DHQ, six (4.1%) are alcoholic beverages, eight (5.4%)
contain no available carbohydrate and 63 (42.9%) contain
<3.5 g of available carbohydrate per serving. The calculation
of dietary GI and GL was thus based on the remaining 70
items with GI values ranging from 16 to 91. A detailed
description of the calculation of dietary GI and GL used in
the present study as well as a table of GI value of each item is
published elsewhere (Murakami et al., 2006b). In the present
study, the available carbohydrate content of these 70 items
contributed to 95.4+2.2% (mean+s.d.) of total available
carbohydrate intake, which is comparable with previous
studies (Amano et al., 2004 (91%); Ma et al., 2005 (96.2%)).

BMI

Body weight and height were self-reported as part of the
DHQ. BMI was calculated as weight (kg) divided by the
square of height (m).

Other variables

In a 12-page questionnaire on nondietary lifestyle during the
previous month, subjects reported residential area (a place
where the subject mainly lived during the previous month).
We grouped the reported residential areas into six categories
(Hokkaido and Tohoku; Kanto; Hokuriku and Tokai; Kinki;
Chugoku and Shikoku; and Kyushu) based on the blocks
used in the National Nutrition Survey in Japan (Ministry of
Health, Labour, and Welfare, 2004); this variable was herein
referred to as ‘residential block.” The residential areas were
also grouped into three categories according to population
size (city with population =1 million, city with population
<1 million, and town and village); this variable was herein
referred to as ‘size of residential area.” Current smoking (yes
or no) and whether currently trying to lose weight (yes or
no) were also assessed in the lifestyle questionnaire. Total
metabolic equivalent hours (k]J/kg of body weight/day) were
computed on the basis of the frequency and duration of five
different activities (sleeping, high- and moderate-intensity
activities, walking and sedentary activities) over the preced-
ing month as reported in the lifestyle questionnaire, as
described in detail elsewhere (Murakami et al, 2006a).
Physical activity level was then calculated by dividing total
metabolic equivalent-hours by the standard value of basal
metabolic rate for Japanese women aged 18-29 years (99
k]/kg of body weight/day) (Ministry of Health, Labour, and
Welfare, 2005). Rate of eating was self-reported in the DHQ
according to one of five qualitative categories (very slow,
relatively slow, medium, relatively fast and very fast). In the
DHQ, current dietary supplement usage (ves or no) was also
asked.
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Statistical analysis Table 1 Basic characteristics of 3931 Japanese women aged 18-20
All statistical analyses were performed using SAS statistical years
software, version 8.2. (SAS Institutcl]nc., Cary, NC, USA). Mean+s.d. or n (%)
Total, soluble and insoluble dietary fiber intake and dietary
GI and GL were examined in relation to BMI. We used Age (years) 18.1£0.3
energy-adjusted values for dictary fiber intake (g/4186 kJ). Body height (cm) 157.9+5.3
We used crude values for dietary Gl and energy-adjusted gOdy welght [kg) 2 Fr okl 7
i o ody mass index (kg/m*) 21.0x28
values (/4186K]) for dietary GL because, by definition,
dietary GI is a measure of carbohydrate quality, not quantity, Residential block
whereas dietary GL is a measure of combination of Eokkaido and Tohoku 132? ngi)
" ' oo s ; anto :
carbohydrate quality and quantity. Multwlanlate adjusted Hokurikis ard Tokai 544 (13.8)
means+s.e. of BMI were calculated by quintiles of these Kinki 780 (19.8)
dietary variables. Confounding variables included in multi- Chugoku and Shikoku 24 (10.8)
variate models were residential block (Hokkaido and Tohoku; Kyushu 446 (11.4)
Kanto; Hokuriku and Tokai; Kinki; Chugoku and Shikoku; 5 .
i i ) ; ) . ize of residential area
and Kyushu), size of residential area (city with population City with population =1 million 782 (19.9)
= 1 million, city with population <1 million, and town and City with population <1 million 2550 (64.9)
village), current smoking (yes or no), current alcohol Town and village 599 (15.2)
drinking (yes or no (because 9f extremely low alcohol intake: Current smoking
mean = 0.8 g/day)), current dietary supplement usage (ves or No 3873 (98.5)
no), currently trying to lose weight (yes or no), rate of eating Yes 58 (1.5)
(very slow, relatively slow, medium, relatively fast and very o
fast), energy intake (quintiles) rcentage of energy from Cumvene il deinkig
3 : 1 i e & gY No 3178 (80.8)
protein (quintiles) and percentage of energy from fat Yes 753 (19.2)
(quintiles). For the analyses of total, soluble and insoluble
dietary fiber intake, dietary GI or GL was further included Current dietary supplement usage
in the models. For the analyses of dietary GI and GL, total sec; 3;2? E?;g;
dietary fiber intake was further included in the models. '
Linear trends with increasing levels of dietary variables were Currently trying to lose weight
tested by assigning each participant the median value for the Ne 2511 (63.9)
category and modeling this value as a continuous variable. Yoz Ll i
All reported P-values are two-tailed and a P-value of <0.05 Rate of eating
was considered statistically significant, Very slow 241 (6.1)
Relatively slow 1077 (27.4)
Medium 1149 (29.2)
Relatively fast 1303 (33.2)
Results Very fast 161 (4.1)
Basic characteristics of the subjects are shown in Table 1. Physical activity level 1.4540.15
Mean BMI was 21.0kg/m?® mean dietary fiber intake 6.5 E:;‘trg{‘ 'i?‘ttzti ((l;]f;’i?gnergy) 7163221?110
£/4186 k], mean dietary GI 65.1, and mean dietary GL 82.1 Fat intake (% of energy) 30.045.9
(/4186k], crude mean = 147.0). White rice was the major Carbohydrate intake (% of energy) 55.2+6.8
contributor to dietary GI and GL (45.8%), followed by goiﬁﬂbldie;_af}‘ fibﬁ;i”t?kelfgf;"}gf;é)k]) ?-gig-g
R———— : 5 T O 3 0 oluble dietary fiber intake (g 740,
confectioneries (13.7%), bread (10.9%), ot.her rice (5.9.%;], Insoluble dietary fiber intake (q/4186 ki) 47415
noodles (5.6%) and sugars (4.8%). Potential confounding Dietary glycemic index® 65.1+4.3
variables of the subjects are shown in Table 2 according to Dietary glycemic load (/4186 k|)* 82.1+14.6

quintiles of total dietary fiber intake and dietary GI. Among
women in the higher quintiles of total dietary fiber intake,
fewer were smokers and more were dietary supplement users,
those trving to lose weight and slower eaters. Women in the
higher quintiles of total dietary fiber intake also had higher
means of physical activity level and energy and protein
intake. Mean dietary GI and GL were lower among women in
the higher quintiles of total dictary fiber intake. Character-
istics of the subjects by quintiles of soluble and insoluble
dietary fiber intake showed similar patterns (data not
shown). In contrast, among women in the higher quintiles

“Clycemic index for glucose — 100.

of dietary Gl, fewer women were alcohol drinkers, dietary
supplement users, those trying to lose weight and slower
eaters. Women in the higher quintiles of dietary GI also had
lower means of physical activity level and energy, protein
and fat intake. Mean total dietary fiber intake was lower
among women in the higher quintiles of dietary GI.
Characteristics of the subjects by quintiles of dietary GL
showed similar patterns (data not shown).
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Table 2 Selected characteristics of 3931 Japanese women aged 18-20 years by quintiles of total dietary fiber intake and dietary glycemic index

Quintiles of dietary variables

1 (n=786) 2 (n=786) 3(n=787) 4 (n=786) 5 (n=786) P

Total dietary fiber intake (g/4186 kf) 4.2+0.6° 53+0.2 6.1+0.2 7.1+03 95420

Current smokers (%) 33 1.3 1.4 0.4 1.0 <0.0001

Current alcohol drinkers (%) 20 20 18 20 18 0.44

Current dietary supplement users (%) 13 16 17 22 25 <0.0001

Subjects currently trying to lose weight (%) 29 34 35 38 44 <0.0001
Rate of eating (%) <0.0001

Very slow 7 5 5 5 9

Relatively slow 24 25 27 3 31

Medium 33 30 29 26 28

Relatively fast 33 36 35 33 30

Very fast 5 4 4 5 3
Physical activity level 1.43+0.14 1.44+0.14 1.44+0.16 1.474+0.17 1.474+0.16 <0.0001
Energy intake (k]/day) 7351+ 2051 7690+ 2206 7606 + 1984 7845+ 2131 7644 +2152 0.008
Protein intake (% of energy) 121+2.0 12.841.9 13.1+1.8 13.6+1.9 147+2.2 <0.0001
Fat intake (% of energy) 29.6+7.1 30.5+5.9 30.145.5 30.5+5.5 293454 0.11
Dietary glycemic index® 67.5+4.0 66.0+3.5 65.2+3.8 64.3+3.8 62.4+4.5 <0.0001
Dietary glycemic load (/4186 k|)° 89.3+17.1 84.0+13.5 B2.7+128 79.24+12.6 7544129 <0.0001
Dietary glycemic index* 588+26 63.1+0.8 65.4+0.6 67.5+0.7 70.7+1.6

Current smokers (%) 1.8 1.8 0.8 1.9 12 0.40

Current alcohol drinkers (%) 22 22 20 16 15 <0.0001

Current dietary supplement users (%) 26 19 18 17 13 < 0.0001

Subjects currently trying to lose weight (%) 44 38 36 32 3 <0.0001
Rate of eating (%) 0.01

Very slow 9 6 5 5 6

Relatively slow 30 28 27 28 25

Medium 26 29 29 32 32

Relatively fast 31 33 36 32 34

Very fast 5 4 3 4 4
Physical activity level 1.46+0.17 1.46+0.16 1.45+0.15 1.44+0.15 1.43+0.14 0.0002
Energy intake (k)/day) 8221 + 2486 7949 +2122 7769 +2001 7409 + 1842 678641733 <0.0001
Protein intake (% of energy) 142423 13S£20 13.3+£2.0 131419 12.2+1.8 <0.0001
Fat intake (% of energy) 321459 31.2+5.5 30.6+5.3 29.7+5.5 26.5+5.8 <0.0001
Total dietary fiber intake (g/4186k]) 77 o P 69+1.9 6.3%1.7 6.0+1.6 54+41.6 <0.0001

“For continuous variables, tests for linear trend used the median value in each quintile as a continuous variable in linear regression; a Mantel-Haenszel y° test was

used for categorical variables.
PData are mean +5.d., unless otherwise indicated.
“Glycemic index for glucose = 100.

Adjusted means of BMI across quintiles of total, soluble
and insoluble dietary fiber intake and dietary GI and GL are
shown in Table 3. After adjustment for potential dietary and
nondietary confounding variables (model 1), total dietary
fiber intake was significantly negatively correlated with
BMI1 (mean difference between the lowest and highest
quintiles = —0.6 kg/m? P for trend <0.0001). The negative
correlation between total dietary fiber intake and BMI was
still significant after further controlling for dietary GI (model
2: mean difference = —0.4 kg/m? P for trend = 0.0007) or GL
{(model 3: mean difference = —0.4 kg/m?; P for trend = 0.006).
A similar negative correlation with BMI was also observed for
both soluble dietary fiber intake (model 2: mean differen-
ce=-0.6 kg/mz; P for trend < 0.0001, and model 3: mean
difference = —-0.6 kg!mz; P for trend = 0.0004) and insoluble
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dietary fiber intake (model 2: mean difference = —0.5 kg/m?*
P for trend =0.001 and model 3: mean difference=-0.4
kg/m®; P for trend = 0.008). In contrast, both dietary GI and
GL were significantly positively correlated with BMI after
controlling for confounding variables (model 1: mean
difference = 0.5 kg/m?; P for trend = 0.0003 and mean differ-
ence =1.2kg/m? P for trend <0.0001, respectively). This
positive correlation with BMI was still significant after
further adjustment for total dietary fiber intake (model 4)
for both dietary GI (mean difference =0.4kg/m?% P for
trend=0.03) and GL (mean difference=1.0 kg,"mz; P for
trend = 0.0005).

We further examined the joint association of total dietary
fiber intake and dietary GI or GL with BMI by cross-
classifying subjects by using tertiles of these dietary variables
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Table 3 Body mass index accurdin% to quintiles of total, soluble, and insoluble dietary fiber intake and dietary glycemic index and load among 3931
Japanese women aged 18-20 years™

Quintiles of dietary variables

1 (n=786) 2 (n=786) 3(n=787) 4 (n=786) 5(n=786) P for trend®
Total dietary fiber intake (g/4186 k|) 43 53 6.1 7.1 9.0
Body mass index (kg/m”)
Model 1¢ 21.2+01 21.1+0.1 21.1+0 20.8+01 20.6+0.1 <0.0001
Model 2° 21.1 01 21.0+0.1 21.1+0 20.8+01 20.7+0.1 0.0007
Model 3 21.1+0 21.0£0.1 21120 20.8x0.1 20.7+0.1 0.006
Soluble dietary fiber intake (g/4186 k|) T 1.4 1.6 1.9 2.4
Body mass index (kg/m’)
Model 19 21.3:30 21.1+01 21.0+0.1 209401 20.5+0.1 <0,0001
Model 2¢ 212409 21.1+01 21.0+0.1 20.9+01 20.6+0.1 <0.0001
Model 3' 21.2+40.1 21.1£0: 21.0+0.1 20.940.1 20.6+0.1 0.0004
Insoluble dietary fiber intake (g/4186 kJ) 3.2 39 4.4 5.1 6.5
Body mass index (kg/m”)
Model 1¢ 21.2+0. 21:0E0: 21.1+01 20.9+0.1 20.6+0.1 <0.0001
Model 2° 211140 21.0+0.1 21.7+0.1 20.9+0.1 20.6+0.1 0.001
Model 3’ 21.14£0.1 21.0+0.1 21001 20.9+01 20.7+0.1 0.008
Dietary glycemic index® 895 63.1 65.4 67.5 70.4
Body mass index (kg/m?)
Model 1¢ 20.7+0.1 20.8+0.1 21.0+£0.1 21.0£0.1 21.2%0.1 0.0003
Model 4" 20.8+0.1 20.9+0.1 21.0+£0.1 21.0£0.1 21.2+£0.1 0.03
Dietary glycemic load (/4186 k)¢ 64.3 73.9 81.5 89.2 101.1
Body mass index (kg/m")
Model 1°¢ 20.4+0.1 20.64+0.1 20.9+0.1 21.3+0.1 21.6+0.2 <0.0001
Model 4" 20.5+0.2 20.7+0.1 20.9+0.1 21.2440.1 21.5+£02 0.0005

*Values are expressed as median for dietary variables and as mean+s.e. for body mass index.

“Cutoffs of quintile categories of dietary variables were 4.9, 5.7, 6.6 and 7.7 g/4186 k| for total dietary fiber intake; 1.2, 1.5, 1.7 and 2.1 g/4186 k| for soluble dietary
fiber intake; 3.6, 4.2, 4.8 and 5.7 g/4186k] for insoluble dietary fiber intake; 61.6, 64.4, 66.4, and 68.7 for dietary glycemic index; and 69.9, 78.1, 85.0 and
93.8/4186 k| for dietary glycemic load.

“Linear trends were tested with increasing levels of dietary variables by assigning each participant the median value for the category and modeling this variable as a
continuous variable.

dAdjusted for residential block (Hokkaido and Tohoku, Kanto, Hokuriku and Tokai, Kinki, Chugoku and Shikoku, and Kyushu), size of residential area (city with
population =1 million, city with population <1 million, and town and village), current smoking (yes or no), current alcohol drinking (yes or no), current dietary
supplement usage (yes or no), currently trying to lose weight (yes or no), rate of eating (very slow, relatively slow, medium, relatively fast, or very fast), physical
activity level (quintiles), energy intake (quintiles), percentage of energy from protein (quintiles) and percentage of energy from fat (quintiles).

“Model 1 with additional adjustment for dietary glycemic index (quintiles).

‘Model 1 with additional adjustment for dietary glycemic load (quintiles).

9Clycemic index for glucose =100.

"Model 1 with additional adjustment for total dietary fiber intake (quintiles).

(Figure 1). Adjusted mean BMI for the combination of a high
total dietary fiber intake (third tertile) and a low dictary Gl
(first tertile) (20.5 kg/m®) was significantly lower than that
for the combination of a low total dictary fiber intake (first
tertile) and a high dietary GI (third tertile) (21.3 kg/m?,
P=0.003 (Dunnett’s test)) and that for the combination of a
medium total dietary fiber intake (second tertile) and a high
dietary Gl (21.2kg/m? P=0.03) (Figure 1a). Similarly, the
adjusted mean value of BMI for the combination of a high
total dietary fiber intake and a low dictary GL (20.3 kg/m?)
was significantly lower than that for the combination of
a low total dietary fiber intake and a high dietary GL (21.6
kg/m?, P=0.04) (Figure 1h),

Discussion

To the best of our knowledge, this study is the first to
examine dietary fiber intake and dietary Gl and GL
simultaneously in relation to BMI, while controlling for a
wide range of polential confounders, among a relatively
large sample of young women (n=3931). We found that
dietary fiber intake was independently negatively correlated
with BMI, and dietary GI and GL were independently
positively correlated with BMI.

Total dietary fiber intake showed an independent negative
correlation with BMI (Table 3). A similar inverse relation
between total dietary fiber intake and BMI has been reported
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Figure 1 Body mass index by different levels of total dietary fiber intake and dietary glycemic index (Gl) (a) or glycemic load (GL) (b) among
the 3931 Japanese women aged 18-20 years. Dietary variables were stratified by tertiles (first (low): <5.5g/4186k|; second (medium): 5.5~
6.9g/4186 k); and third (high): > 6.9 g/4186 k] for total dietary fiber intake, first (low): <63.5; second (medium): 63.5-67.1; and third (high):
>67.1 for dietary Gl, and first (low): <75.4/4186k]; second (medium): 75.4-87.6/4186kJ; and third (high): >87.6/4186k] for dietary GL (Gl
for glucose = 100)). Values are expressed as means adjusted for residential block (Hokkaido and Tohoku; Kanto; Hokuriku and Tokai; Kinki;
Chugoku and Shikoku; and Kyushu), size of residential area (city with population =1 million, city with population <1 million, and town and
village), current smoking (yes or no), current alcohol drinking (yes or na), current dietary supplement usage (yes or no), currently trying to lose
weight (yes or no), rate of eating (very slow, relatively siow, medium, relatively fast or very fast), physical activity level (quintiles), energy intake
(quintiles), percentage of energy from protein (quintiles) and percentage of energy from fat (quintiles). The number of subjects in each

combination is shown in parentheses. Significance level compared with the category of high total dietary fiber intake and low dietary Gl or load
by Dunnett’s test: *P=0.03, **P=0.003 and ***P=0.04.

in previous cross-sectional studies (Appleby et al., 1998; intake has also been associated with lower body weight gain
Sasaki et al., 2003; Spencer et al., 2003; Howarth et al., 2005; (Ludwig et al., 1999) and lower increase in body weight and
Liese et al., 2005), although one study did not show an BMI (Liu et al, 2003) in several prospective studies.
inverse association (Stookey, 2001). Higher total dietary fiber Additionally, two recent reviews of trials of high versus low
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total dietary fiber intake have shown that the majority of
studies support a beneficial effect of total dietary fiber
against weight gain (Howarth et al, 2001; Pereira and
Ludwig, 2001).

Despite differences in physiological effects between solu-
ble and insoluble dietary fiber, the beneficial effects on
weight control have been suggested regarding both soluble
and insoluble dietary fiber (Howarth et al, 2001). Few
epidemiologic studies have compared different dietary fiber
types and their association with a measure of obesity. In the
present study, both soluble and insoluble dietary fiber
intakes were negatively correlated with BMI, although the
magnitude seemed to be somewhat larger in soluble than in
insoluble dietary fiber intake (Table 3).

Both dietary Gl and GL showed an independent positive
correlation with BMI (Table 3). Several ad libitum trials
conducted on nondiabetic subjects have suggested a bene-
ficial effect of low-GI diet on fat mass (Bouche et al., 2002)
and body weight (Bouche ef al., 2002; Sloth et al.,, 2004),
when compared with high-Gl diet, although other trials
conducted on subjects with type II diabetes have found no
differences in body weight change between high- and low-Gl
diets (Heilbronn et al., 2002; Jimenez-Cruz et al., 2003;
Rizkalla et al., 2004). Additionally, although there has been
no association between dietary GI and GL and BMI in
some studies (Amano ef al., 2004; Liese et al., 2005), other
observational studies have shown a positive association
between dietary Gl, but not dietary GL and BMI (Ma et al.,
2005; Murakami et al., 2006b).

Qur dietary GI and GL values (65 and 147), consistent with
those in a previous Japanese study (64 and 150) (Amano
et al., 2004), were higher when compared with those in
Western countries (49-58 and 81-145) (Salmeron et al.,
1997a, b; Toeller et al., 2001; Heilbronn et al., 2002; Jimenez-
Cruz et al., 2003; Rizkalla et al., 2004; Scholl et al., 2004;
Schulze et al., 2004, 2005; Ma et al., 2005; Sahyoun et al.,
2005). This may primarily result from the differences in the
major food contributors, whereas dietary GI and GL in
Western populations were determined by a variety of foods
(potatoes (7-8%), breakfast cereals (4-7%), bread (5%) and
rice (5%)) (Liu et al., 2000, 2002; Jonas et al., 2003), the
contribution of white rice (GI=77) was dominant in the
present study (46%).

Higher total dietary fiber intake was strongly correlated
with lower dietary GI or GL (Table 2). Considering that both
the negative correlation between total dietary fiber intake
and BMI and the positive correlation between dietary GI or
GL and BMI observed in the analyses with adjustment for a
variety of confounding factors (model 1 in Table 3) slightly
attenuated after further adjustment for each other (models
2-4 in Table 3), both the association of total dietary fiber
intake with BMI and the association of dietary GI and GL
with BMI may have two pathways, that is, a direct one and
an indirect one through each other (dietary fiber, and dietary
Gl or GL). Supporting this hypothesis, the combination diet
high in total dietary fiber and low in dietary GI or GL was

Fiber, glycemic index and load, and obesity
K Murakami et a/

more strongly correlated with low BMI (Figure 1) than either
one alone (models 2—4 in Table 3).

All self-reported dietary assessment methods are subject to
measurement error and selective underestimation and/or
overestimation of dietary intake (Livingstone and Black,
2003). Our DHQ, although similar to most previous
epidemiologic studies, was not designed specifically to
measure dietary GI and GL. To minimize data inaccuracy,
however, we used a previously validated DHQ (Sasaki et al.,
1998a, b, 2000); regarding dietary GI and GL, the satisfactory
validity of our DHQ for total carbohydrate (Sasaki et al.,
1998a) and total dietary fiber (Sasaki, unpublished observa-
tions, 2004) provides some reassurance. Additionally, the
same tendency of correlations between dietary variables
and BMI was observed in a repeated analysis of 2792 subjects
with a ‘physiologically plausible’ energy intake (subjects
possessing a ratio of reported energy intake to estimated
basal metabolic rate (standard value of basal metabolic rate
for Japanese women aged 18-29 years (99kJ/kg of body
weight/day) multiplied by body weight of each subjects (kg))
(Ministry of Health, Labour, and Welfare, 2005) of 1.2-2.5
(Black et al., 1996)) (data not shown). Thus, although the
effect of measurement error and selective underestimation
and/or overestimation of dietary intake can never be
excluded, it is not likely that inaccuracy of dietary data
may have a major impact on the findings in the present
study.

We used BMI values calculated from self-reported body
weight and height, which might be biased. Previous studies
have shown that BMI calculated from self-reported body
weight and height is highly correlated with BMI calculated
from measured values (Goodman et al., 2000; Kuczmarski
et al., 2001). It is thus suggested that BMI calculated from
self-reported body weight and height is a reliable measure at
least for use in correlation analysis.

Because this was a cross-sectional study, there was a
possibility that subjects with higher BMI altered their diets.
We included current attempts to lose weight in multivariate
models as a covariate to take into account this possible
confounding. Additionally, further adjustment for inten-
tional dietary change within 1 year, assessed as part of the
DHQ, did not change the results materially (data not
shown). Moreover, as mentioned above, the repeated
analysis of ‘physiologically plausible’ energy reporters, where
a considerable number of subjects with current dieting to
lose weight, if any, should be excluded, provided similar
results. 1t is therefore less likely that the present results are
strongly influenced by possible alternation of diets in
subjects with higher BMI.

QOur results may not be extrapolated to general Japanese
populations because the subjects selected were female
dietetic students who may be highly health conscious. To
minimize the influence of nutritional education, the present
survey was carried out, in most institutions, within 2 weeks
after the dietetic course began. Although we attempted to
adjust for a wide range of potential confounding variables,
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we cannot rule out residual confounding owing to these or
poorly measured variables, such as physical activity level
assessed by a limited number of nonvalidated questions, as
well as other unknown variables.

To conclude, after adjustment for a variety of potential
dietary and nondietary confounding factors, dietary fiber
intake was negatively correlated with BMI, and dietary GI
and GL were positively correlated with BMI in this study of
3931 relatively lean Japanese women aged 18-20 years.
Because the cross-sectional nature of the present study
precludes any causal inferences, however, further research
using prospective designs is required to clarify these relation-
ships.
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