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Abstract: Due to a lack of a food composition database on starch and sugars, we developed a
comprehensive database on starch and seven types of sugars in commonly consumed foods (n = 2222)
in Japan. Dietary record data of 368 toddlers (aged 18–35 months), 376 preschool children (aged
3–6 years), 915 schoolchildren (aged 8–14 years) and 392 adults (aged 20–69 years) were used.
The mean starch intake ranged from 55.6 g/day (female toddlers) to 206.0 g/day (male schoolchildren).
Irrespective of age and sex, >50% of starch was provided by rice and grains. The mean total sugar
intake ranged from 46.1 g/day (female toddlers) to 68.7 g/day (male schoolchildren). In all age and
sex groups, the major contributors of total sugar included sucrose (mean: 18.2–34.0 g/day), glucose
(7.8–13.1 g/day), lactose (5.3–13.1 g/day) and fructose (7.6–11.1 g/day). The top food sources were
dairy products (toddlers) and confectionaries (other age groups) for total sugar, confectionaries for
sucrose, fruits (toddlers) and vegetables (other age groups) for glucose, dairy products for lactose
and fruits (toddlers and preschool children) and vegetables (schoolchildren and adults) for fructose.
In conclusion, this study clarified the starch and sugar intake in Japan and provides a foundation for
future research.
Keywords: starch; sugar; saccharide; Japan; epidemiology; dietary survey

1. Introduction
Much attention has recently been given to the potential influences of dietary carbohydrates
on human health [1]. In particular, the intake of sugars that are added during manufacturing and
cooking (namely added or free sugar) is under scrutiny by the World Health Organization (WHO)
and many countries [1,2] because of positive associations with an increased risk of dental caries [3],
obesity [4], type 2 diabetes [5], cardiovascular diseases [6,7] and pancreatic cancer [8]. In contrast,
potential associations between starch and saccharides (such as sucrose, lactose, maltose, trehalose,
glucose, fructose and galactose) and health status have not been completely investigated or are
controversial [8,9]. However, the effects on health could possibly differ between these carbohydrate
subtypes. For example, sucrose is considered the most cariogenic carbohydrate, whereas starch,
galactose and trehalose are lesser cariogenic than sucrose [10,11]. With regard to type 2 diabetes,
Nutrients 2018, 10, 1474; doi:10.3390/nu10101474

www.mdpi.com/journal/nutrients

Nutrients 2018, 10, 1474

2 of 18

the associations with carbohydrate subtypes (including starch, total sugar, sucrose, fructose, glucose,
lactose and maltose) are not consensual in prospective cohort studies [12–22]; for example, while total
sugar intake has been shown to be inversely associated with the risk among Australian adults [13],
there was no association in other studies [19]. Among saccharides, fructose intake is suggested to
mechanistically contribute to non-alcoholic fatty liver disease (NAFLD), dyslipidemia and insulin
resistance, through gluconeogenesis and hepatic de novo lipogenesis [23,24], although fructose intake
did not lead to NAFLD [25] or increase triglyceride levels [26] in several controlled feeding trials.
Before investigating the health effects of these carbohydrates, it is essential to develop a method
for assessing these carbohydrates. In Western countries, the intake of starch [27–31], sucrose [32–34]
(which is often considered a surrogate of added sugar rather than a certain disaccharide) and
fructose [33–36] have been widely reported, while less information on the intake of other saccharides
is available [18,33,34]. In contrast, little is known about the intake of total, added, or free sugar,
starch and saccharides in Asian countries, including Japan [37–39]. This is mainly due to the lack
of a comprehensive composition database on starch and sugars. Recently, the starch and saccharide
contents in food items were reported for the first time in the Standard Tables of Food Composition in
Japan 2015 (STFCJ) [40,41]. Nevertheless, only 40% of food items included had starch and saccharide
contents and data on total and free sugar were not available. Generally, Japan has a high consumption
of rice, soybean products, vegetables, fish, green tea and seasonings and a low consumption of sugars,
fruits, dairy, animal fats, confectionaries and sugar-sweetened beverages [42]. Because the dietary
intake of the Japanese population differs from that of Western populations, the intake and major
sources of starch and sugars may differ in Japan compared with those in Western countries.
In the present study, we developed a comprehensive database on starch and seven types of sugars
(sucrose, lactose, maltose, trehalose, glucose, fructose and galactose) and estimated starch and sugar
intake and their food sources in Japan.
2. Materials and Methods
2.1. Development of a Food Composition Database
A comprehensive food composition database on starch and sugars was developed for food
items included in STFCJ [40,41]. Information on starch and saccharides (glucose, fructose, galactose,
sucrose, maltose, lactose and trehalose) was available for 880 of 2222 food items (39.6%) in STFCJ,
with no information on total, free and naturally occurring sugar. Thus, we assigned the values of the
remaining 1342 items that lacked information on starch and saccharides and estimated the values of
total, free and naturally occurring sugar in all 2222 items. For 880 items with information on starch
and saccharides, the values were based on analytical data (determined using enzymatic methods for
starch or high-performance liquid chromatography for saccharides) for 396 items (45.0%), information
on similar foods in STFCJ for 187 items (21.3%), recipes for 144 items (16.4%) and data from food
composition databases of other countries (the US [43], the UK [44] and Australia [45]) for 153 items
(17.4%).
2.1.1. Total Sugar and Saccharides
Total sugar was defined as the sum of all mono- and disaccharides, including glucose, fructose,
galactose, sucrose, lactose, maltose and trehalose [46]. A database of total sugar and saccharides was
developed according to the following seven-step method (Figure 1 and Table S1). For 880 items for
which information on saccharide contents was available, the total sugar contents were calculated based
on the values in the STFCJ [40,41] (Step 1). For the remaining 1342 items without saccharide content,
a stepwise data-gathering strategy, proposed by Rand et al. [47], was used (Steps 2–7). For the step
for assigning analytical values (Step 3), a literature search was conducted based on several databases,
to identify studies that reported sugar content in Japanese foods. Search terms and the criteria of
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choosing values are shown in Table S1. Finally, the values from 12 papers [48–59] were used. For each
3 of 18
food item, the mean or median value was used as a representative value.
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Figure 1. Flow chart for the development of total sugar database. a Available carbohydrate content was
Figure 1. Flow chart for the development of total sugar database. a Available carbohydrate content
calculated as subtracting dietary fiber content (g/100 g of food) from carbohydrate that was calculated
was calculated as subtracting dietary fiber content (g/100 g of food) from carbohydrate that was
as subtracting the sum of contents (g/100 g of food) of water, protein, lipid and ash from 100 g of food
calculated as subtracting the sum of contents (g/100 g of food) of water,
protein, lipid and ash from
in the Standard Tables of Food composition in Japan 2015 [40,41]. b Values were adjusted using the
100 g of food in the Standard Tables of Food composition in Japan 2015c [40,41]. b Values were adjusted
ratio of the dry weight between interested and referred food items. This was applied to items such
using the ratio of the dry weight between interested and referred food items. c This was applied to
as cooked (i.e., boiled, salted, or dried) vegetables and seaweeds using the value of raw form. Total
items such as cooked (i.e., boiled, salted, or dried) vegetables and seaweeds using the value of raw
sugar content of the different form was calculated as follows: total sugar content of cooked food =
form. Total sugar content of the different form was calculated as follows: total sugar content of cooked
total sugar content of raw food × dry weight of cooked food/dry weight of raw food (a unit of all
food = total sugar content of raw
food × dry weight of cooked food/dry weight of raw food (a unit of
values was g/100 g of food). d Estimation was performed in mainly cereals, vegetables, fruits and
all values was g/100 g of food). d Estimation was performed in mainly cereals, vegetables, fruits and
seaweeds belonging to same family or order. Values from a similar food item were calculated after
seaweeds belonging to same family or order. Values from a similar food item were calculated after
comparing total energy and other nutrient contents as follows: total sugar content of food of interest =
comparing total energy and other nutrient contents as follows: total sugar content of food of interest
total sugar content of similar food × dry weight of interest food/ dry weight of similar food (a unit
=oftotal
sugar content
of similar
food e×When
dry weight
of interest
food/ dry
of similar
food
unit
all values
was g/100
g of food).
the value
of a specific
foodweight
item was
available
in (a
several
e When the value of a specific food item was available in several
of
all
values
was
g/100
g
of
food).
countries, the source of imports was considered primary and a similarity for total energy and other
countries,
the source
was considered
primary
and adata
similarity
forUK,
totaldisaccharide
energy and values
other
nutrient contents
wasofa imports
second consideration.
When
assigning
from the
nutrient
contents
was
a
second
consideration.
When
assigning
data
from
the
UK,
disaccharide
values
were multiplied by 0.95 since values were shown as monosaccharide equivalents [44].
were multiplied by 0.95 since values were shown as monosaccharide equivalents [44].

2.1.2. Starch

Nutrients 2018, 10, 1474

4 of 18

2.1.2. Starch
The starch content in each food was determined with a similar procedure to that used for sugars,
although the procedure included a step that assigned a total sugar content subtracted from available
carbohydrate content value (Step 7), followed by a step that assigned 0 g starch to the remaining
foods (Step 8) (Table S2). For the step for assigning analytical values (Step 3), a literature search was
conducted in a similar strategy to sugar to identify studies that reported starch contents in Japanese
foods (Table S2). Finally, the values from two papers [60,61] were used. For each food item, the median
value was used as a representative value.
2.1.3. Free Sugar and Naturally Occurring Sugar
Free sugar was defined according to the WHO definition, as all mono- and disaccharides added
to foods and beverages by the manufacturer, cook, or consumer and sugars naturally present in
honey, syrups, fruit juices and fruit juices concentrate [62]. Free sugar contents in all food items
were determined using a published stepwise method [63,64] based on the total sugar and saccharide
contents as shown in Table S3. Contents of naturally occurring sugar were estimated by subtracting
free sugar contents from total sugar contents.
2.2. Estimation of Starch and Sugar Intake
2.2.1. Dietary Dataset
To estimate starch and sugar intake, the starch and sugar database was applied to dietary data
obtained from a Japanese population with a wide age range: adults, schoolchildren, preschool children
and toddlers. Table 1 shows the description of the dietary dataset that was used. For the adult
population, we included 196 healthy men and 196 healthy women, aged 20–69 years, in 20 study areas
in 47 prefectures, as described elsewhere [65,66]. On average, each study area included 20 participants,
consisting of two men and two women in each of the five 10-year age groups (20–29, 30–39, 40–49,
50–59 and 60–69 years). For the schoolchild population, we included 389 third graders (aged 8–9 years)
and 392 fifth graders (aged 10–11 years) from elementary schools and 409 the second graders (aged
13–14 years) from junior high school from 12 prefectures [67,68]. On an average, 90 children (30 children
in each of third and fifth grades of elementary school and 30 children in the second grade of junior high
school) were included from each prefecture. For the population of preschool children and toddlers,
we included 380 preschool children aged 3–6 years and 373 toddlers aged 18–35 months from nursery
facilities in 24 prefectures who were participants of the DONGuRI study (Dietary Observation and
Nutrient intake for Good health Research In Japanese young children) [69]. Generally, 16 children
(two boys and two girls aged 3, 4, 5 and 6 years) and 16 toddlers (four boys and four girls aged
18–23 months and 24–35 months) were included from each prefecture. For schoolchildren, preschool
children and toddlers, all participants were recruited from schools and nursery facilities providing a
uniformed lunch. Among all surveys, recruitment was conducted non-randomly to reach the planned
number of participants in each sex and age (group) as mentioned above.
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Table 1. Description of dietary dataset.
Toddlers a

Preschool Children a

Schoolchildren b

Adults c

October to December 2015

October to December 2015

November to December 2014

February to March 2013

Number of participants

373

380

1190 d

392

Age

18–35 months

3–6 years

8–14 years

20–69 years

Data collection period
Population characteristics

Study setting

Nursery facilities (n = 315)

Nursery facilities (n = 315)

Elementary schools (n = 14) and
junior high schools (n = 13)

199 welfare facilities (for aged <60 years) and
neighbors or acquaintances of the dietitians of
welfare facilities (aged ≥60 years)

Study area e

24 of 47 prefectures

24 prefectures

12 prefectures

20 study areas f

Recruitment

Four boys and four girls aged
18–23 months and 24–35 months
(16 children in total)

Two boys and two girls aged 3, 4, 5
and 6 years (16 children in total)

30 children in each of third and
fifth grades of elementary
school and 30 children in the
second grade of junior high
school (90 children in total)

Two men and two women from each of five
10-year age groups (20–29, 30–39, 40–49, 50–59
and 60–69 years, 20 participants in total)

Exclusion criteria

Under diet therapy by a doctor or a
dietitian at the time of the study;
having particular dietary habits
(such as vegetarian); or having
guardians (mothers in almost all
cases) whose occupation was
dietitians or medical doctors

Under diet therapy by a doctor or a
dietitian at the time of the study;
having particular dietary habits
(such as vegetarian); or having
guardians (mothers in almost all
cases) whose occupation was
dietitians or medical doctors

None

Dietitian; not living in the prefecture in which
the facility was located or its adjacent
prefectures; under diet therapy by a doctor or a
dietitian at the time of the study or within one
year before the study; pregnant or lactating
women; or history of educational admission
for diabetes mellitus

1 day: one weekday with a
uniformed lunch provided by
facilities

3 days: two weekdays with a
uniformed lunch provided by
facilities and one weekend day
without a uniformed lunch
provided by facilities

3 days: two weekdays with a
uniformed lunch provided by
schools and one weekend day
without a uniformed lunch
provided by schools

4 days: three weekdays and one weekend day

Characteristics of DR *

Number of days

* DR, dietary record. a More details described elsewhere [69]. b More details described elsewhere [67,68]. c More details described elsewhere [65,66]. d Consisting of 389 third and 392 fifth
graders from elementary schools and 409 the second graders from junior high schools. e Selected in consideration of geographical location (e.g., north or south, rural or urban) and study
feasibility. f Consisting of 23 prefectures, three study areas included two adjacent prefectures.
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Detailed descriptions on dietary assessment procedures are described elsewhere [65–69]. Briefly,
dietary information was collected using weighed dietary records (DRs) in all age groups. The number
of recording days differed: non-consecutive four days for adults, non-consecutive three days for
schoolchildren and preschool children and one day for toddlers. The dietary data included the weight
of all food and beverages consumed by the participants and the amount of leftovers during the study
period. For adults, all food and beverages consumed were weighed and recorded by participants. For
schoolchildren, all food and beverages consumed as a uniformed lunch were weighed or recorded
by dietitians of the schools or participants under the dietitian’s support. The food and beverages
consumed except for a uniformed lunch were weighed and recorded by the guardians of participants.
For toddlers and preschool children, all food and beverages consumed at nursery facilities were
weighed and recorded by dietitians of the facilities, irrespective of the origin of food. The food
and beverages consumed out of nursery facilities were weighed and recorded by the guardians
of participants. Food codes of food and beverage items were assigned according to STFCJ [40,41].
The total number of items that appeared in the DR was 1376 for adults, 1175 for schoolchildren,
1172 for preschool children and 868 for toddlers. The intake of energy and available carbohydrate were
calculated according to STFCJ [40,41].
All three surveys were conducted according to the guidelines in the Declaration of Helsinki and
all procedures involving human subjects were approved by the Ethics Committee of the University
of Tokyo, Faculty of Medicine (approval code No. 10005 for the survey in adults, No. 10653 for the
survey in school children, and No. 10885 for the survey in preschool children and toddlers). Informed
consent was obtained from all adult participants and all guardians of child participants.
2.2.2. Statistical Analysis
The intake of energy, starch and sugars are presented as mean and standard deviation (SD) by
age and sex groups. The habitual dietary intake was estimated based on the best-power method
(performed with HabitDist [70]) to account for day-to-day variation [71,72], except for toddlers for
whom only 1-day dietary data were available. The ratio of reported energy intake (EI) to estimated
energy requirement (EER) was calculated in each participant using the sex-and age-specific EER for
medium level of physical activity in Dietary Reference Intakes for Japanese, 2015 [73]. Physical activity
level of EER was fixed to medium level for all participants due to the absence of accurate information
on physical activity. The adherence to the recommended sugar intake advocated by WHO [62]
(<10% and <5% of EI from free sugar) was calculated. Differences between sexes were analyzed using
an independent t-test for mean intake and a chi-square test for the prevalence of excessive free sugar
intake (≥10% or ≥5% of EI) [62]. The mean value of the contribution of each food group to starch
and sugar intake was calculated for both sexes combined because separate analyses for male and
female subjects showed similar food group contribution patterns (data not shown). Food groups were
defined based on culinary usage and nutrient profile similarities, mainly according to STFCJ [40,41].
All statistical analyses were performed using SAS version 9.4 (Institute Inc., Cary, North Carolina,
USA). All reported P values are two-sided and those <0.05 were considered statistically significant.
3. Results
The present analysis included the participants who completed both anthropometric measurements
and DR: 368 toddlers, 376 preschool children, 915 schoolchildren and 392 adults (Table S4). The mean
EI/EER ranged from 0.92 to 1.05 for all age groups except for toddlers (1.22 for boys and 1.23 for girls).
The estimated intake in each sex and age group is shown in Table 2 (for available carbohydrate,
starch, total sugar, sucrose, fructose, naturally occurring sugar and free sugar) and Table S5 (for energy
and other sugars). The absolute mean intake ranged from 55.6 g/day (female toddlers) to 206.0
g/day (male schoolchildren) for starch and from 46.1 g/day (female toddlers) to 68.7 g/day (male
schoolchildren) for total sugar. The energy-adjusted mean intake ranged from 32.5% of energy (%E)
(female toddlers) to 36.6 %E (male schoolchildren) for starch and from 10.7 %E (male adults) to 17.5
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%E (female toddlers) for total sugar. Among all age and sex groups, the top total sugar contributor was
sucrose, followed by, glucose, lactose and fructose, with small contributions from maltose, trehalose
and galactose. While the absolute amount of naturally occurring sugar consumed was on average
similar to that of free sugar in preschool children and schoolchildren, the former was higher in
toddlers and the latter was higher in adults. Concerning adherence to WHO recommendations for
free sugar, almost one fifth of toddlers consumed ≥10 %E and those who consumed ≥5 %E were
>50%. The prevalence of excessive free sugar intake in other age groups ranged from 3.1% to 13.3%
(for ≥10 %E) and from 56.1% to 92.1% (for ≥5 %E). There were no sex differences in starch and sugar
intake among toddlers except for absolute starch intake. The absolute mean intakes of starch and
several sugars were higher in male subjects than in female subjects among preschool children and
schoolchildren. For adults, the intake of naturally occurring sugar was higher in women. On the other
hand, energy-adjusted mean intake (%E) of starch was higher in male subjects for schoolchildren and
adults, while the sugar values were higher in female subjects, (except for free sugar in schoolchildren).
The prevalence of participants consuming ≥5 %E from free sugar was higher in female subjects for
schoolchildren and adults.
The major food sources are shown in Table 3 (for available carbohydrate, starch, total sugar,
sucrose, fructose, naturally occurring sugar and free sugar) and Table S6 (for other sugars). Rice
and grains contributed to 39.3–46.4% of available carbohydrate and 58.8–65.4% of starch, depending
on age. While dairy products, fruits, vegetables, seasonings and bread were major contributor to
naturally occurring sugar (76.4–87.4%), free sugar was mainly derived from confectionaries, sugars
and jams, sugar-sweetened beverages and seasonings (82.3–84.3%). These foods were thus major
sources of total sugar (83.8–90.3%). For each of sugars, the major contributors varied but a considerably
large amount of sugars consumed was derived from only a few foods (e.g., confectionaries, fruits,
sugars and jams, sugar-sweetened beverages and vegetables for sucrose (73.0–85.5%) and fruits,
vegetables, sugar-sweetened beverages, bread, fruit juices and seasonings for fructose (86.9–90.8%)).
The contribution of fruit juices to sugars was relatively small: 2.7–7.7% for fructose; 2.2–6.3% for free
sugar; and 1.3–3.5% for total sugar.
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Table 2. Estimated intakes of available carbohydrate, starch, total sugar, sucrose, fructose, naturally occurring sugar and free sugar in Japanese children and adults.
Toddlers (Aged 18–35 Months) a
Boys (n = 183)

Girls (n = 185)

Preschool Children (Aged 3–6 Years) b
c

Boys (n = 186)

Mean

SD

Mean

SD

Mean

SD

Available carbohydrate
Starch
Total sugar
Sucrose
Fructose
Naturally occurring Sugar
Free sugar

151.7
61.1
47.5
19.5
7.8
30.1
17.4

28.9
22.5
16.4
9.6
4.3
11.9
11.9

141.9 **
55.6 *
46.1
18.2
7.6
27.9
18.2

29.2
19.8
16.9
9.0
5.4
9.8
12.7

188.1
116.4
57.5
25.0
10.0
30.0
27.4

28.0
21.1
12.6
6.5
3.7
5.8
9.3

Available carbohydrate
Starch
Total sugar
Sucrose
Fructose
Naturally occurring sugar
Free sugar

54.2
32.9
17.0
6.9
2.8
10.8
6.1

6.4
6.9
5.3
3.2
1.5
4.3
4.0

54.4
32.5
17.5
6.9
2.9
10.7
6.9

6.4
6.4
5.2
3.2
1.8
3.4
4.4

53.0
32.8
16.2
7.0
2.8
8.5
7.6

Girls (n = 190)
Mean

c

SD

Schoolchildren (Aged 8–14 Years) b
Boys (n = 435)

Girls (n = 480)

c

Adults (Aged 20-69 Years) b
Men (n = 196)

Women (n = 196) c

Mean

SD

Mean

SD

Mean

SD

Mean

SD

295.2
206.0
68.7
29.3
11.1
35.9
32.8

63.2
50.4
19.7
10.8
3.8
10.1
13.6

258.2 ***
176.3 ***
64.1 ***
27.7
10.3 **
33.8 ***
30.3 **

39.7
30.3
15.8
8.4
4.0
8.1
10.3

293.3
203.4
62.2
31.5
10.1
26.5
35.7

62.5
48.3
24.0
15.6
4.3
11.5
19.0

238.8 ***
153.8 ***
64.5
34.0
9.9
28.8 *
35.7

43.2
31.5
20.4
12.9
4.0
11.3
13.7

3.2
4.2
2.9
1.6
0.6
1.5
2.1

51.7 ***
35.3 ***
12.8 **
5.5 **
2.1 *
6.8 ***
6.0

3.1
3.4
2.6
1.4
0.7
1.3
1.9

50.5
35.1
10.7
5.4
1.8
4.6
6.1

6.3
5.6
4.0
2.4
0.8
1.8
3.2

51.0
33.0 ***
13.6 ***
7.1 ***
2.1 ***
6.1 ***
7.4 ***

3.8
4.6
3.4
2.2
0.8
2.1
2.4

Absolute Value (g/day)
173.9 ***
107.8 ***
53.0 ***
22.9 ***
9.3
27.3 ***
25.6 *

25.8
19.7
10.6
4.9
2.7
5.5
7.1

Energy-Adjusted Value (% of Energy)
2.9
3.7
2.9
1.6
1.0
1.7
2.2

52.9
32.8
16.1
6.9
2.9
8.4
7.7

2.8
3.0
2.8
1.2
0.8
1.6
1.9

52.5
36.6
12.3
5.2
2.0
6.4
5.8

≥10% of energy intake
from free sugar (%)

15.3

21.1

12.9

11.6

4.1

3.1

8.7

13.3

≥5% of energy intake from
free sugar (%)

51.4

59.5

90.9

92.1

61.6

68.8*

55.6

87.8 ***

SD, standard deviation. a Estimated using 1-day dietary data. b Habitual intake was calculated based on the best-power method (performed with HabitDist [70]) by using 3-day dietary
data for preschool children and schoolchildren or 4-day dietary data for adults [71,72]. c Significantly different from the corresponding male group determined by independent t-test for
continuous variables and chi-square test for categorical variables; * p < 0.05, ** p < 0.01, *** p < 0.001.
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Table 3. Contribution (%) of each food group to intakes of available carbohydrate, starch, total sugar, sucrose, fructose, naturally occurring sugar and free sugar in
Japanese children and adults ab.
Nutrients

Food Groups cd

Toddlers (Aged 18–35
Months) (n = 368)

Preschool Children (Aged
3–6 Years) (n = 376)

Schoolchildren (Aged
8–14 Years) (n = 915)

Adults (Aged 20–69
Years) (n = 392)

Available
carbohydrate

Rice and grains
Confectionaries
Fruits
Dairy products
Bread
Noodle
Others

42.5
11.7
8.4
8.0
4.7
2.6
22.1

39.3
13.5
6.3
5.1
7.1
5.2
23.4

46.4
10.0
3.2
4.5
8.1
6.6
21.1

44.5
9.7
3.2
1.7
6.9
8.1
25.8

Starch

Rice and grains
Confectionaries
Bread
Noodle
Others

65.4
11.3
6.9
4.1
12.4

58.8
11.3
10.0
7.7
12.3

62.3
7.7
10.6
8.8
10.6

61.2
7.8
9.2
11.4
10.4

Total sugar

Dairy products
Fruits
Confectionaries
Vegetables
Sugar-sweetened beverages e
Sugars and jams
Seasonings
Others

22.7
20.9
14.5
10.8
8.9
6.9
5.6
9.7

15.6
16.9
19.6
9.7
11.0
7.1
6.4
13.6

17.5
10.0
17.6
13.1
9.4
9.2
9.0
14.1

6.1
10.3
17.5
14.3
11.5
13.2
10.9
16.2

Sucrose

Confectionaries
Fruits
Sugars and jams
Sugar-sweetened beverages e
Vegetables
Others

27.3
24.9
16.3
9.3
7.7
14.5

32.5
18.0
15.5
10.3
6.3
17.4

29.0
12.0
21.5
8.7
7.6
21.2

26.2
11.2
24.0
11.6
6.6
20.4

Fructose

Fruits
Vegetables
Sugar-sweetened beverages e
Bread
Fruit juices
Seasonings
Others

39.3
27.5
9.9
5.4
5.1
3.5
9.2

30.8
24.6
13.5
7.7
7.7
5.1
10.7

18.6
37.9
12.2
10.5
3.5
7.0
10.3

17.1
37.7
10.7
10.7
2.7
8.0
13.1
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Table 3. Cont.
Nutrients

Food Groups cd

Toddlers (Aged 18–35
Months) (n = 368)

Preschool Children (Aged
3–6 Years) (n = 376)

Schoolchildren (Aged
8–14 Years) (n = 915)

Adults (Aged 20–69
Years) (n = 392)

Naturally
occurring sugar

Dairy products
Fruits
Vegetables
Seasonings
Bread
Others

33.5
30.6
16.8
3.4
3.0
12.6

25.9
28.0
17.9
4.7
5.9
17.7

27.9
16.1
23.8
7.6
7.5
17.1

10.9
17.8
29.8
9.3
8.6
23.6

Free sugar

Confectionaries
Sugars and jams
Sugar-sweetened beverages e
Seasonings
Others

33.5
22.0
16.3
12.5
15.7

34.4
17.9
18.4
11.6
17.7

30.3
23.6
14.7
14.3
17.1

26.2
26.5
15.6
15.9
15.9

a Values are means. The mean value of contribution was calculated by using 1-day dietary data (for toddlers) or the mean of 3- or 4-day dietary data (for other age groups). b Food groups
with <7% contribution in all populations are not shown and combined into others. c Twenty-four food groups were defined based on the culinary usage and the similarity of nutrient
profiles of the foods, mainly according to the Standard Tables of Food composition in Japan 2015 [40,41]. They consisted of other grain products, potatoes, pulses and nuts, mushrooms,
seaweeds, fish and shellfish, meats, eggs, fat and oil, alcoholic beverages, vegetable juices, tea and coffee and other foods in addition to the items listed in this table. d Food groups are
listed in descending order of the contribution in toddlers. e Consisting of soda, sports drinks, fruit drinks, milk beverages and pre-sweetened tea and coffee.
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4. Discussion
To our knowledge, this is the first study to provide a comprehensive description of the estimated
intakes and sources of starch and sugar subtypes in a non-Western country. According to previous
Western studies [27–31], the mean absolute intake of starch was comparable to that in the present
study. However, the major food source in Western surveys differed from the present study. In a survey
conducted in 10 European countries [27], bread was the top contributor of starch intake among all
countries. In contrast, the top contributor was rice and grains in the present Japanese population,
with a relatively high consumption (mean: 171–356 g/day).
For total sugar, the mean absolute intake of the present Japanese toddlers (aged ≤ 2 years)
was comparable to that of Finnish breast-fed or Icelandic infants (both aged ≤ 1 year) and was
lower than that of toddlers aged ≤3 years in other Western countries [28,32]. For preschool children
(aged 3–6 years) in the present study, the value was lower compared with that of Western children
aged 4–10 years [28,32]. Similarly, the value of schoolchildren (aged 8–14 years) in the present
study was lower than that of Western children aged 9–18 years [28,30,32]. The value for present
Japanese adults was comparable to that of Italian adults [34] and was lower than that of other Western
adults [27,28,30,32,33,74]. One possible reason for a relatively lower total sugar intake in the present
study could be due to the low consumption of sugar-sweetened beverages (mean: 43–112 g/day)
compared with Western countries (mean: 120–570 mL/day for adults [75] and 66–732 mL/day
in children [76]). These differences may also cause the lower contribution of sugar-sweetened
beverages to total sugar in the present study than most of Western countries [28,74,77,78]. In contrast,
sugars and jams and confectionaries were the major sources in both the present and Western
studies [27,28,74,77–80], despite relatively low mean consumptions (mean: 3–9 g/day for sugars and
jams and 43–69 g/day for confectionaries). Interestingly, unlike most of Western countries [27,28,77–80],
vegetables was one of the major contributors in the present study. This may be due to a high
vegetable consumption (mean: 121–239 g/day) in combination with relatively low sugar-sweetened
beverage intake.
For sucrose, the mean absolute intake of our Japanese toddlers was higher than that of Finnish
infants aged 1 year and lower than that of Finnish toddlers aged 2–3 years [32]. Similarly to total sugar,
our preschool children, schoolchildren and adults had lower intake compared with Western children
(aged 4–6 years and aged 7–14 years [32]) and adults [32,33] (except for Italian adults with comparable
intake [34]).
For other saccharides, a few countries reported absolute intakes within a narrower age range,
compared with total sugar and sucrose. The absolute amount of fructose for schoolchildren and
adults in this Japanese population was lower compared with that of Western schoolchildren (aged
7–18 years) [35] and adults [33–35]. The lower sugar-sweetened-beverage intake in this Japanese
population mentioned above could also explain lower fructose intake (as well as sucrose) and may
be a cause of the low contribution to fructose. Additionally, the absolute intake of glucose in our
adults was lower than that of Western counterparts [33], while that of lactose [33,34] and maltose [33]
was comparable.
Concerning adherence to WHO recommendations for free sugar [62], the prevalence of ≥10
%E in this Japanese population was lower than Western countries, irrespective of sexes and age
groups [29,78,80,81]. The prevalence of ≥5 %E in this Japanese population was also lower, except for
female adults with the comparable prevalence to Western adults [78,80,81]. Therefore, the priority of
free sugar reduction in this Japanese population may relatively be lower than that in Western countries.
There are several limitations to the present study. First, our participants were not representative
samples but volunteers and were possibly health conscious. Particularly, adult participants (except for
those aged 60 years and above) were workers in welfare facilities. For toddlers and preschool children,
participants were recruited from nursery facilities, while only 45% of the children aged 1–6 years
attended nursery school in Japan [82]. Thus, the present results may not be directly applicable to
the general Japanese population. Nevertheless, it should be noted that the mean height and weight
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values of adult and child participants by sex and age were comparable to those of the general Japanese
population [42,83,84].
Second, we could not estimate habitual intake in toddlers by accounting for day-to-day variation
because we only had 1-d DR data. Therefore, the results of this age group, especially those of the
prevalence of excessive free sugar intake, should be interpreted with caution, although fewer days
were needed to assess habitual dietary intake in younger children compared with older children and
adults [85]. However, we mainly discussed the mean value of each age group; and thus, the influence
of this matter should be small. Moreover, there is a possibility of seasonal variation in dietary intake
because the surveys were conducted in a limited period. This might be a cause of bias into the
assessment of average dietary patterns over the year, considering seasonal differences in food intake
among Japanese [86,87].
Third, while DRs can obtain detailed information on individual diet, this method is based on a
self-report and the possibility of measurement error remains. Nevertheless, measurement errors should
be attenuated when the energy adjustment was conducted [88]. In the present study, the mean EI/EER
was almost 1.00 for all age groups except for toddlers (1.22 for boys and 1.23 for girls). Therefore,
if a degree and a direction of reporting errors in starch and sugar intakes were similar to those of
EI, the reported absolute and energy-adjusted values in this Japanese population are likely accurate,
at least at the group level, with the exception of toddlers. For toddlers, although the intakes seem
over-estimated, the intakes (especially for total sugar) were still relatively low; and thus, this matter
may have a small impact on the results of this population.
Finally, there were unavoidable limitations in dataset development. Particularly, the starch
contents in other items were determined using the values of similar food items (n = 282, recipes
(n = 161), or the difference between total sugar and available carbohydrate contents (n = 100). These
procedures may lead to the under- or over-estimation of starch intake. because we could not consider
the difference in food items among biologically similar foods, the changes that occur during cooking
and processing [64] and the oligosaccharide and sugar alcohol contents. The same is true for sugar
intake derived from items whose values were determined from the values of similar food items
(n = 239) or recipes (n = 133). However, the measurement error caused by the remaining 1592 food
items, which represented about 89% (for adults) to 94% (for toddlers) of available carbohydrate intake,
should be minimal, because the starch and sugar contents for these were determined using saccharide
(n = 880) or available carbohydrate (n = 712) contents in the STFCJ [40,41]. In any case, further research
on starch and sugar content in food items without values in the food composition table in Japan is
needed to accurately estimate the starch and sugar intake in the current Japanese population.
5. Conclusions
This study provided a comprehensive picture of starch and sugar intake and their food sources in
Japan. The mean starch intake in this Japanese population was comparable to that in Western countries,
while this Japanese population had a relatively low total sugar intake and the major contributors
somewhat differed from those of Western countries. These differences could be explained by the
difference between Japanese and Western diets. The database developed in this study and the present
findings provide a foundation for future research.
Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/10/10/1474/
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Basic characteristic of Japanese children and adults [70–73], Table S5: Estimated intakes of energy, maltose, lactose,
trehalose, glucose and galactose in Japanese children and adults [70–72], Table S6: Contribution (%) of each food
group to intakes of maltose, lactose, trehalose, glucose and galactose in Japanese children and adults [40,41].
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