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Abstract

The influence of free sugar intake on nutrient intake remains unclear in Japanese children and adolescents with relatively low free sugar intake.
This cross-sectional study aimed to investigate the relationship between free sugar and selected nutrient intakes using data from the 2016
National Health and Nutrition Survey, Japan, based on the WHO recommendations (<5 % or <10 % of energy (%E)) for free sugar intake.
A 1-d weighed dietary record was assessed in Japanese children and adolescents (aged 1-19 years; 7 2919). Mean intakes for selected nutrients
and food groups were compared according to free sugar intake categories (<25 %E, 25 to <5 %E, 5 to <10 %E and >10 %E) with adjustment for
sex, age and weight status. Inverse associations were observed between intakes of free sugars and twenty-one of twenty-four micronutrients
assessed, except for vitamins A and C and Ca. Significantly reduced intakes were identified for twenty-two and fourteen micronutrients in the
>10 %E and 5 to <0 %E categories, respectively, compared with the lower categories. Mean micronutrient intakes at the <2-5 %E category did not
differ from those at the 2-5 to <5 %E category. Free sugar intake had positive associations with intakes of sugars and jams, confectioneries, fruit
and vegetable juices, and soft drinks and negative associations with intakes of pulses and nuts and vegetables. This study showed that nutrient
dilution was associated with higher free sugar intake among Japanese children and adolescents. The findings suggest that the WHO recom-

mendations might help prevent nutrient dilution in Japanese children and adolescents.
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Dietary habits developed in childhood™? and adolescence®®
may sustain into adulthood to some extent"-?, and dietary intake
during the early stages of life potentially influences the develop-
ment of obesity™ and CVD in the later stages of life. Therefore,
establishment of healthy dietary habits during childhood and
adolescence is essential for improving the health of children
and adolescents on a life-long basis.

The WHO defines free sugars as monosaccharides and disac-
charides added to foods and drinks by the manufacturer, cook or
consumer, and sugars naturally present in honey, syrups, fruit
juices and fruit juice concentrates, and it advocates for strong
(<10 % of total energy intake (%E)) and conditional (<5 %E) recom-
mendations on free sugar intake for the prevention of unhealthy
weight gain and dental caries in children and adolescents”. The
nature of high energy and low nutrient density of free sugars can
lead to poor micronutrient intakes (i.e. nutrient dilution) in consum-
ers of high free sugars”®. Previous studies in Western children
and adolescents support this nutrient dilution hypothesis®'®. For

instance, a national survey of British children found the asso-
ciation between moderate free sugar intake (>13 %E) and
trend reductions in micronutrient intakes®; similarly, lower
micronutrient intakes were found to be associated with high
free sugar intake (>20 %E) in children and adolescents in an
Australia national surveys!'”’. These findings indicate that
the thresholds for preventing nutrient dilution may differ
among countries, and the WHO recommendations for free
sugar intake”” may be insufficient to prevent nutrient dilution.

Japanese children and adolescents have relatively lower mean
free sugar intake (5-8 %E in boys aged 8-14 years to 77 %E in girls
aged 3-6 years)(“) than Western children and adolescents (11-5 %E
in Australian children aged 2-3years'? to 15-4%E in British
adolescents®), probably due to lower intakes of soft drinks and
confectioneries among Japanese children and adolescents than
among Western counterparts’'?. The Japanese diet is lower in
whole grains, processed meat, nuts and higher in refined grains
(mainly white rice), vegetables, seaweeds, fish, soya foods and

Abbreviations: NHNS, National Health and Nutrition Survey, Japan; SES, social environmental status; STFCJ, Standard Tables of Food Composition in Japan.
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green tea than the Western diet'>'%. Thus, the effects of free sugars
on micronutrient intakes may differ between Japanese children
and adolescents and Western counterparts. Indeed, previous
studies found that Japanese adults"® had a lower threshold
(>5 %E) for nutrient dilution than Australian adults'® (>25 %E).
Moreover, because of the sparseness of epidemiological
studies on free sugar intake and health issues, there is no recom-
mendation on free sugar intake for Japanese children and ado-
lescents'”. Notably, it is essential to confirm the association
between free sugar intake and micronutrient intake before
making any recommendations on free sugar intake for Japanese
children and adolescents. However, to our knowledge, no study
has investigated the association of free sugars with nutrient dilu-
tion among Japanese children and adolescents.

This cross-sectional study aimed to clarify the relationship
between free sugars and selected nutrients intakes among
Japanese children and adolescents using 1-d dietary data from
the 2016 National Health and Nutrition Survey, Japan (NHNS).
The thresholds of free sugar intake for nutrient dilution were
set at 2-5, 5 and 10 %E based on a previous study in Japanese
adults"> and the WHO guidelines™.

Methods
Data source and sample selection

The NHNS is a national nutrition survey conducted annually
since 1945 by the local public health centres under the supervi-
sion of the Ministry of Health, Labour and Welfare based on the
Health Promotion Law. This cross-sectional analysis was per-
formed using data from the 2016 NHNS and was conducted with
the permission of the Ministry of Health, Labour and Welfare.
Data from the 2016 survey were used for the present analysis
because of the much larger sample size of the survey than that
of more recent studies. Details of the survey have been described
elsewhere!'*1>19 Briefly, 462 census units were sampled as

survey areas on the basis of the 2010 national census. All non-
institutionalised Japanese aged >1year (as of 1 November
2016) living in the survey areas were asked to participate.
Households in which the heads were foreign citizens, individ-
uals without a self-selected diet and individuals on a special
diet (mainly because of disease) were excluded from the survey.
The survey was conducted between October and November
2016. A total of 10 745 of 24 187 eligible households (44-4 %)
participated in the final survey.

The number of participants aged 1-19 years who completed
the dietary survey and underwent anthropometric measure-
ments was 4282 and 3264, respectively. The final sample used
in this analysis comprised 1505 male and 1414 non-lactating
and non-pregnant female participants aged 1-19 years with
complete information on the variables of interest (2919 in total)
(Fig. 1.

This survey was conducted according to the guidelines laid
down in the Declaration of Helsinki, and verbal informed con-
sent was obtained from all individual participants. Under
Article 33 of the Statistics Act, the Ministry of Health, Labour
and Welfare anonymised individual-level NHNS data and
provided the first author with the data sets for this study. This
analysis was exempt from the need for ethical and institutional
review board approval according to the Ethical Guidelines of
Epidemiological Research established by the Ministry of Edu-
cation, Culture, Sports, Science and Technology and the
Ministry of Health, Labour and Welfare"'” because only anony-
mised data were used.

Dietary assessment

Dietary intake was assessed by a 1-d weighed household dietary
record, as described previously'*'>'® and data on all members
of each household were included in the analysis. Briefly, a pri-
mary meal preparer in the household (referred to as a record
keeper) was provided with a diary and asked to weigh and rec-
ord all food and beverages (except for drinking water)

| Eligible households in the 2016 National Health and Nutrition Survey, Japan (n 24 187) |

—D| 13 442 households did not participate (55-6 %) |

A 4

| 10 745 households participated (44-4 %), including 30 820 individuals |

—>| 26 225 participants aged >20 years

A 4

| 4595 participants aged 1-19 years

lactating or pregnant (n 1)

1676 participants were excluded from the analysis due to the following reasons:
without information on dietary intake (n 313)

without information on body height or weight (n 1362)

A

Analysis sample (n 2919)

Fig. 1. Flow chart of participants included in the present analysis.
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consumed by household members on the recording day other
than Sundays, national holidays and days with special events
(e.g. wedding party or funeral). If household members shared
food items from a single dish, the record keeper was asked to
record the approximate proportions of the food consumed by
each member, as well as the amount of leftovers. In the cases
that the record keeper encountered any difficulty with weighing
in some occasions, such as eating out or having school-prepared
lunch, he/she was asked to document as much information as
possible, including the estimated portion sizes and details of left-
overs. The recorded diary was collected during the next few days
and checked by a trained fieldworker. If there was any missing or
unclear information in the diary, the trained fieldworker col-
lected additional information from the record keeper. The
weights of foods and beverages consumed were estimated
according to the portion sizes recorded using household mea-
sures. When participants ate school-prepared lunch, the trained
fieldworker was asked to obtain the menu of lunch, including
information on names and weights of the ingredients, from each
school. Thereafter, food codes were assigned to all items (which
were classified mainly based on the Standard Tables of Food
Composition in Japan (STFCD(ZO)) by trained fieldworkers, based
on the NHNS study manual. The dietary intake data were input-
ted using the software developed especially for the NHNS by
trained fieldworkers at the local centre and then compiled to cre-
ate an overall dietary data set by trained investigators at the cen-
tral office.

The energy and selected nutrient intakes of each participant
were estimated from the household food consumption record
(for shared dishes/foods, approximate proportions consumed
by each household member were calculated) according to the
STFCJ12?, Free sugar intake'”’ was estimated using a recently
developed comprehensive food composition database™V for
common Japanese food items included in the STFCJ*??. In
the development steps of the free sugar databaseV, the free
sugar content of all food items was determined based on total
sugar and saccharide contents using a published stepwise
method*? (online Supplementary Document 1). Only nutrient
intake from foods and beverages was assessed in the present
analysis; thus, dietary supplements were not included in the
nutrient intake calculation. Food grouping was performed based
on similarity in nutrient profiles and culinary usage according to
the STFGJ?1??. Given the differences in dietary intakes due to
varying body sizes and energy requirements, nutrient and food
group intake was expressed as nutrient density, that is, %E for
macronutrients (except for protein), an amount per 1000 kcal
(4184 kJ) for other nutrients and food groups, and both for pro-
tein. The absolute intake was also presented because the use of
nutrient density could lead to the report of lower intakes of
nutrients and food groups in the case of higher free sugar intake
(%E) due to mathematical effects.

The utility of the household dietary record was assessed pre-
viously on the basis of individual-level dietary intake in the
Japanese population®. Briefly, the dietary intake of young
women (aged about 20 years) was assessed by comparing a 1-
d household dietary record by the women themselves with that
by their mothers (mean age 49 years) (1 32). Mean differences
between intakes estimated by the two dietary records for energy,

protein, fat and carbohydrate were 6-2, 5-7, 6-7 and 63 % with
Pearson correlation coefficients of 0-90, 0-89, 0-91 and 0-90,
respectively®?.

Assessment of characteristics

Information on sex and age was collected by a self-administered
questionnaire. Anthropometric measurements were conducted
by trained fieldworkers for 54-9 % of the participants using the
following standardised procedures. Body height (nearest to
0-1 cm) and weight (nearest to 0-1 kg) were measured in partic-
ipants while wearing light clothes and being barefoot. For the
remaining 45-1 % of participants, heights and weights were
measured by other household members at home or were
self-reported. The weight status was defined based on the BMI
(calculated as weight (kg) divided by height squared (m?))
according to the age- and sex-specific cut-offs of the International
Obesity Task Force® for participants aged 1-17 years or the WHO
recommendations®® for those aged 18-19 years.

Statistical analysis

We performed statistical analyses using the SAS statistical soft-
ware, version 9.4 (SAS Institute Inc.). Free sugar intake was clas-
sified into four categories (<2-5, 2-5 to <5, 5 to <10 and >10 %E)
according to the WHO guidelines” and the previous study in
Japanese adults"”. The differences in basic characteristics
among those in various free sugar intake categories were exam-
ined using a linear trend test for continuous variables and a
Mantel-Haenszel y? test for categorical variables. The adjusted
mean intakes and standard errors (sg) of energy, nutrients and
food groups were estimated for each free sugar intake category
using general linear models with adjustment for sex, age and
weight status. The difference in mean intakes across the free
sugar intake categories was examined using the Tukey—
Kramer test, while the presence of linear associations was tested
by linear regression analysis with the median value of each free
sugar intake category as a continuous variable. For the assess-
ment of the adequacy of nutrient intake across the free sugar
intake categories, the prevalence of inadequacy was deter-
mined. On the basis of nutrient density, the prevalence of inad-
equacy was determined as the percentage of participants with a
lower intake than the estimated average requirement of the
Dietary Reference Intakes for Japanese, 20207 (online
Supplementary Table S1), except for 17-6 PUFA, 1-3 PUFA, vita-
mins D, E, and K, pantothenic acid, P and Mn (determined as the
percentage of participants with lower intake than the adequate
intake); dietary fibre and K (determined as the percentage of par-
ticipants with lower intake than the tentative dietary goal for pre-
venting lifestyle-related diseases (DG)); SFA and Na (determined
as the percentage of those with higher intake than the DG); and
protein (%E), fat and carbohydrates (determined as the percent-
age of those with intake above the range of the DG). For SFA,
dietary fibre and K, the prevalence of inadequacy was estimated
for participants aged 3-19 years because the reference values of
these nutrients for children aged 1-2 years are not advocated by
the Dietary Reference Intakes for Japanese, 202047, All reported
P values were two-tailed. The significance level for the Mantel-
Haenszel y? test was set at P < 0-05, while that for the linear trend
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Table 1. Basic characteristics of Japanese children and adolescents (n2919) according to free sugar intake: the 2016 National Health and Nutrition Survey,

Japan
(Numbers and percentages; mean values and standard deviations)

<2:5%E 2.5 to <5 %E 5 to <10 %E >10 %E
n % n % n % n % P
Participants 620 212 849 291 996 341 454 156
Free sugars (%E)
Mean 1.5 37 71 13-9
SD 0-6 07 14 4.2
Sex
Boys 335 54.0 456 537 488 49.0 226 498 0-033
Girls 285 460 393 46-3 508 51-0 228 50-2
Age (years)
Mean 10-8 9-8 93 90 <0-001
SD 5.2 4.9 5.0 5.3
Age category (years)
1-6 147 237 238 280 345 34-6 183 40-3 <0-001
7-14 291 469 452 532 454 45-6 174 383
15-19 182 29-4 159 187 197 19-8 97 214
BMI (kg/m?)
Mean 183 175 174 17-3 <0-001
SD 33 2.8 31 31
Weight statust
Underweight 96 155 135 15-9 152 15-3 68 15.0 0-940
Normal 455 73-4 654 77-0 757 76-0 342 753
Overweight and obese 69 111 60 71 87 8.7 44 97

%E, percentage of energy.

* For continuous variables, a linear regression was used with the median value of each category of free sugar intake (1-5, 3-7, 6-8 and 12-7 %E) as a continuous variable; for categorical

variables, Mantel-Haenszel 4 test was used.

t For subjects aged <17 years, weight status was defined according to International Obesity Task Force age- and sex-specific BMI (calculated as kg/m?) cut-offs?3), which correspond
to an adult BMI of <18.5 kg/m? for underweight, >18-5 to <25 kg/m? for normal and >25 kg/m? for overweight and obese subjects; for subjects aged 18—19 years, weight status was
defined based on BMI according to WHO recommendations®®): <18.5 kg/m? for underweight, >18-5 to <25 kg/m? for normal and >25 kg/m? for overweight and obese subjects.

and Tukey-Kramer test was set at P < 0-001 to minimise type I

error, as demonstrated in previous studies1%1>19),

Sensitivity analysis

Sensitivity analysis was conducted by excluding misreporters for
energy intake (# 70, 2-4 %) because selective under-reporting of
confectioneries and soft drinks is common in participants with
under-reporting energy intake®””*®; and under-reporting is more
frequently observed in participants with the lowest free sugar
intake®1919 As described previously'>, misreporting of energy
intake was defined as the ratio of reported energy intake:the
BMR, i.e., the Goldberg cut-off for the 1-d dietary data and the
physical activity level for a sedentary lifestyle®. Briefly, based
on age and body height and weight, BMR was estimated using
Henry’s sex- and age-specific equations® or the sex- and
age-specific equations developed for the Japanese!3? partici-
pants aged 1-17 or 18-19 years, respectively. Because exclu-
sions would have introduced selection bias®®, the results of
all participants were reported as the main analysis. The results
of the sensitivity analysis (online Supplementary Tables S2-S4)
were not substantially different from those of the primary
analysis; thus, the effect of misreporting was not sufficiently
significant to change the present findings.

Results

The mean free sugar intake was 6-0 (sp 4-4) %E, and the preva-
lence of those with excessive free sugar intake according to the

WHO conditional recommendation (>5%E) was 49-7 %.
Participants with high free sugar intake were more likely to be
girls and younger and have a lower BMI (Table 1).

The mean intakes of energy and nutrients according to the
free sugar intake category are shown in Table 2. As mentioned
above, we mainly described the results of nutrient density in this
study. After adjustment for potential confounding factors, free
sugar intake was positively associated with energy and carbohy-
drate intake and negatively associated with protein and fat
intake. For all selected micronutrients, except Ca, the peak mean
intakes were found in the first two categories of free sugar intake
(i.e. <5 %E). Inverse linear associations were observed between
free sugar intake and selected micronutrients, except for vita-
mins A and C, and Ca. Further, for all micronutrients examined,
except for vitamins A and C, mean intakes in the >10 %E cat-
egory of free sugars were lower than those in at least one of
the other categories, while mean intakes of fourteen micronu-
trients were lower in the 5 to <10 %E category than in at least
one of the lower two categories (<2-5 and 25 to <5 %E). The
mean micronutrient intakes did not differ between <2-5 and
2-5 to <5 %E categories. Table 3 presents the prevalence of inad-
equacy according to the free sugar intake category. For almost all
micronutrients investigated, the prevalence of inadequacy in the
>10 and 5 to <10 %E categories tended to be higher than in the
2-5 to <5 %E categories.

The mean intake of food groups according to the free sugar
intake category is displayed in Table 4. Free sugar intake
was positively associated with the intakes of sugars and jams,
confectioneries, fruit and vegetable juices, and soft drinks, after
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Table 2. Intake of energy and nutrients in Japanese children and adolescents (n2919) according to free sugar intake: the 2016 National Health and Nutrition

Survey, Japan

(Numbers and percentages; mean values with their standard errors)

<25 %E** 2.5 to <5 %E** 5to <10 %E** >10 %E**
Mean SE Mean SE Mean SE Mean SE Ptt
Participants
n 620 849 996 454
% 212 291 341 15-6
Energy (kJ) 7257 83 7668 71 7802t 65 77978 97 <0-001
Macronutrients
Protein
Absolute intake (g) 64-6* 0-8 68-9 07 66-9 06 61-219 09 <0-001
Intake per 1000 kcal (4184 kJ) (g) 373 02 377 02 36:01% 02 3278111 0-3 <0-001
%E 14.9 0-1 151 0-1 14-4t% 0-1 13-18119] 0-1 <0-001
Fat
Absolute intake (g) 58.9 09 61-8 0-8 621 07 584 11 0-499
%E 302 03 299 02 297 02 277819 0-3 <0-001
SFA
Absolute intake (g) 19.0 03 20-0 03 209t 03 200 0-4 0-030
%E 9.8 0-1 98 0-1 10-0 0-1 9.5 0-1 0-188
Carbohydrates
Absolute intake (g) 228.5* 29 242.9 25 252.6t 2.3 267-68ll 34 <0-001
%E 532 03 534 02 54.5 02 58-18l11 0-3 <0-001
Micronutrients
n-6 PUFA (g)
Absolute intake 96 02 10-0 0-1 9.7 0-1 8.8ll 0-2 <0-001
Intake per 1000 kcal (4184 kJ) 55 01 54 0-1 52 01 478119 0-1 <0-001
n-3 PUFA (g)
Absolute intake 18 0.0 1.9 00 1.9 0.0 1-68119] 0-1 <0-001
Intake per 1000 kcal (4184 kJ) 11 00 1.0 00 1-0 00 0-88l19 00 <0-001
Dietary fibre (g)
Absolute intake 10.7* 02 12.0 0-1 11-61 0-1 10-8ll 0-2 0-153
Intake per 1000 kcal (4184 kJ) 64 0-1 67 0-1 6-4% 0-1 598119 0-1 <0-001
Vitamin A (ug RAE)}t
Absolute intake 492 35 577 30 484 28 481 41 0-267
Intake per 1000 kcal (4184 kJ) 295 16 312 14 268 13 266 19 0-056
Vitamin D (ug)
Absolute intake 59 03 6-1 02 5.7 02 4.9 0-3 0-006
Intake per 1000 kcal (4184 kJ) 35 0-2 34 0-1 32 0-1 2-6§ 0-2 <0-001
Vitamin E (mg)
Absolute intake 57 01 6-1 0-1 6-0 01 56 0-1 0-096
Intake per 1000 kcal (4184 kJ) 34 00 34 00 32 00 3-08lI 0-1 <0-001
Vitamin K (pg)
Absolute intake 176 5 188 4 170 4 1458l 6 <0-001
Intake per 1000 kcal (4184 kJ) 103 3 106 2 93% 2 818ll 3 <0-001
Thiamin (mg)
Absolute intake 1.00 0-02 1.03 0-01 1-00 0-01 0-90119] 0-02 <0-001
Intake per 1000 kcal (4184 kJ) 057 0-01 0-56 0-01 0-53t 0-01 0-488l19 0-01 <0-001
Riboflavin (mg)
Absolute intake 1-10* 0-02 119 0-02 118 0-01 1-091 0-02 0-281
Intake per 1000 kcal (4184 kJ) 0-64 0-01 0-66 0-01 0-64 0-01 0-608I11 0-01 <0-001
Niacin (mg NE)§§
Absolute intake 24.5 04 262 03 253 03 231119 0-4 <0-001
Intake per 1000 kcal (4184 kJ) 141 01 14.3 0-1 13-5% 01 12.38119] 0-2 <0-001
Vitamin Bg (mg)
Absolute intake 115 0-02 1.24 0-02 118 0-01 1-091 0-02 <0-001
Intake per 1000 kcal (4184 kJ) 0-67 0-01 0-68 0-01 0-64% 0-01 0-608I19 0-01 <0-001
Vitamin B4z (ug)
Absolute intake 5.0 02 5.0 02 4.8 02 4.4 02 0-026
Intake per 1000 kcal (4184 kJ) 29 01 2.7 0-1 26 0-1 2.3§ 0-1 0-001
Folate (ng)
Absolute intake 245* 5 270 4 254 4 235ll 6 0-010
Intake per 1000 kcal (4184 kJ) 146 2 150 2 139% 2 1308l 3 <0-001
Pantothenic acid (mg)
Absolute intake 5.7¢ 0-1 6-2 0-1 59 0-1 53119 0-1 <0-001
Intake per 1000 kcal (4184 kJ) 33 00 34 00 321t 0-0 2.98l19 0-0 <0-001
Vitamin C (mg)
Absolute intake 824 21 887 1.8 86-1 17 83.0 25 0-628
Intake per 1000 kcal (4184 kJ) 487 11 498 1.0 478 09 46-6 1.3 0-082
Na (g NaCl equivalent)
Absolute intake 7-6* 0-1 83 0-1 831 0-1 77 0-1 0-803
Intake per 1000 kcal (4184 kJ) 4.5 01 46 00 4.5 00 4211 0-1 <0-001
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Table 2. (Continued)
<2-5 %E** 2-5t0 <5 %E* 5to <10 %E** >10 %E**
Mean SE Mean SE Mean SE Mean SE Ptt
K (mg)
Absolute intake 2136* 31 2363 26 2306t 24 2067119 36 0-005
Intake per 1000 kcal (4184 kJ) 1256 12 1312 10 1258% 9 112881 14 <0-001
Ca (mg)
Absolute intake 501* 10 568 9 577t 8 5159 12 0-795
Intake per 1000 kcal (4184 kJ) 296 5 317 4 317 4 285l 5 0-029
Mg (mg)
Absolute intake 218 3 243 233 3 211119 4 0-002
Intake per 1000 kcal (4184 kJ) 129 1 135 1 127% 1 1158119 2 <0-001
P (mg)
Absolute intake 968* 13 1050 11 1029t 10 935119 15 0-004
Intake per 1000 kcal (4184 kJ) 562 4 578 3 557 3 50481 5 <0-001
Fe (mg)
Absolute intake 6-1* 01 6-7 01 6-5t 01 6-1ll 0-1 0-363
Intake per 1000 kcal (4184 kJ) 3-6 0-0 3.7 0-0 3-5% 0-0 33l 0-0 <0-001
Zn (mg)
Absolute intake 8.2 0-1 8-6 0-1 8-2 0-1 7-5811 0-1 <0-001
Intake per 1000 kcal (4184 kJ) 4.7 0-0 4.7 0-0 4-4t% 0-0 40819 0-0 <0-001
Cu (mg)
Absolute intake 0-99* 0-01 1-06 0-01 1-02 0-01 0-94119 0-02 <0-001
Intake per 1000 kcal (4184 kJ) 0-58 0-00 0-59 0-00 0-55t1% 0-00 0-518119 0-01 <0-001
Mn (mg)
Absolute intake 2:6 0-0 2.7 0-0 2:5 0-0 2.48l| 0-0 <0-001
Intake per 1000 kcal (4184 kJ) 15 0-0 1.5 0-0 141t 0-0 1-38ll 0-0 <0-001

%E, percentage of energy intake; RAE, retinol activity equivalent; NE, niacin equivalent.

** Tukey—Kramer test was conducted with adjustment for sex, age and weight status (underweight; normal; or overweight and obese). P < 0-001 for difference between: <2.5 %E and
2.5 to <5 %E*, 510 <10 %E and <2:5 %Et, 5 to <10 %E and 2:5 to <5 %E$, >10 %E and <2-5 %E§, >10 %E and 25 to <5 %Ell and >10 %E and 5 to <10 %EY]. There was no
difference between <2.5 %E and 25 to <5 %E.

11 A linear regression was conducted using the median value of each category of free sugar intake (1-5, 3-7, 6-8 and 12-7 %E) as a continuous variable with adjustment for same

variables used in Tukey—Kramer test.

1+ 1 pg RAE = sum of retinol (ug) + p-carotene (ng) x 1/12 + a-carotene (ug) x 1/12 + g-cryptoxanthin (ng) x 1/24.

§§ 1 mg NE = niacin (mg) + protein (mg)/6000.

adjustment for potential confounding factors. The peak mean
intakes for these food groups were observed in the >10 %E cat-
egory of free sugars. In contrast, free sugar intake was inversely
associated with the intake of rice and grains, potatoes, pulses and
nuts, vegetables, meats, dairy products, and fat and oils. For
these food groups, the peak mean intakes were observed in
the <5 %E categories.

Discussion

To the best of our knowledge, this study is the first to investigate
the association between free sugars and nutrients intakes in
Japanese children and adolescents. We found that free sugar
intake was inversely associated with almost all twenty-four
micronutrients examined and lower mean micronutrient intakes
were detected in the >10 and 5 to <10 %E categories (twenty-
two and fourteen micronutrients, respectively) than in the lower
categories. However, these inverse associations were not iden-
tified for vitamins D, E and B, and Na based on the results of the
absolute intake. Therefore, the influence of the free sugar intake
on these micronutrients may be the result of the mathematical
effect of the use of nutrient density.

In line with previous studies in Western children and adoles-
cents®'? as well as Japanese adults"'>, lower mean intakes of
micronutrients were observed in children and adolescents with
higher free sugar intake in the present study, mainly because of

higher intakes of sugar-dense and poor-nutrient foods, such as
soft drinks, confectioneries, and sugars and jams, and lower
intakes of nutrient-dense foods, such as vegetables and pulses
and nuts in the children and adolescents with higher free sugar
intake. Because the use of the absolute intake did not change the
results, the decreased intake of nutrient-dense foods associated
with higher free sugar intake could not be due to the mathemati-
cal effects of the nutrient density. The sugar-dense and poor-
nutrient food groups were the major sources of free sugar intake
in Japanese children and adolescents (soft drinks 14-0 %; confec-
tioneries 26-1%; and sugars and jams 24-7 %) in the present
study, and the findings are consistent with the results of previous
Japanese"'® and Western studies®!”. However, the mean
intake of soft drinks in Japanese children and adolescents
(72:7g/d) in the present study was lower than that in their
Western counterparts (66732 ml/d)®?| thereby resulting in the
lower mean intake of free sugars in Japanese children and adoles-
cents. In contrast, the positive association of free sugar intake with
vitamin C intake observed in British children® was not identified in
Japanese children and adolescents in the present study. This
absence of association may reflect the relatively lower mean intake
of fruits and vegetable juices (24-4 g/d, contributing to 3-9 % of total
free sugar intake) in Japanese children and adolescents than in
Western counterparts (86-629 ml/d)3?.

Comparable with Japanese adults"">, Japanese children and
adolescents in the present study had lower thresholds of free
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Table 3. Prevalence (%) of inadequacy of nutrient intake in Japanese children and adolescents (n2919) according to free sugar

intake: the 2016 National Health and Nutrition Survey, Japan*

Nutrients <25 %E (n 620) 2.5 to <5 %E (n 849) 5 to <10 %E (n 996) >10 %E (n 454)

Macronutrients
Protein (g/1000 kcal (4184 kJ)) 0 0 0-2 0-2
Protein (%E) 255 22.0 28-3 50-4
Fat (%E) 62-3 55-8 58-6 485
SFA (%E)t 43-4 436 44.5 405
Carbohydrates (%E) 41.3 356 299 269

Micronutrients (per 1000 kcal (4184 kJ))
n-6 PUFA (g) 281 265 353 467
n-3 PUFA (g) 36-1 371 43-0 579
Dietary fibre (g)t 64-0 521 58-4 63-4
Vitamin A (ng RAE)} 394 372 46-2 535
Vitamin D (ng) 68-1 67-5 70-1 762
Vitamin E (mg) 318 34.2 407 507
Vitamin K (pg) 287 238 316 441
Thiamin (mg) 281 286 359 496
Riboflavin (mg) 239 186 20-5 291
Niacin (mg NE)§ 0 0 01 02
Vitamin Bg (mg) 82 6-1 94 231
Vitamin Bz (pg) 90 66 72 156
Folate (pg) 66 39 6-1 14.3
Pantothenic acid (mg) 255 251 34-8 54.4
Vitamin C (mg) 32.7 277 334 41.2
Na (g NaCl equivalent) 916 94.8 93-4 84.8
K (mg)t 285 21.2 272 46-3
Ca (mg) 56-5 498 49.0 61-0
Mg (mg) 197 9-8 12.9 189
P (mg) 24.4 22:6 305 518
Fe (mg) 429 382 43-0 513
Zn (mgq) 1.0 0-6 1-8 6-2
Cu (mg) 0 0 0 0-4
Mn (mg) 55.7 56-9 63-8 734

%E, percentage of energy intake; RAE, retinol activity equivalent; NE, niacin equivalent.

* Using nutrient density, prevalence of inadequacy was estimated as the percentage of participants with lower intake than the reference value the
Dietary Reference Intakes for Japanese, 2020('"), except for SFA and Na (estimated as the percentage of participants with higher intake than the
reference value); and protein (%E), fat, and carbohydrates (estimated as the percentage of participants with intake beyond the range of the reference

value).

1 Estimated for participants aged 3—19 years (1569, 773,912 and 410 for <2-5 %E, 2-5 to <5 %E, 5t0 <10 %E and >10 %E, respectively) because the
Dietary Reference Intakes of SFA, dietary fibre and K for children aged 1-2 years are not advocated.
1 1 ug RAE = sum of retinol (ug) + f-carotene (ng) x 1/12 + a-carotene (ug) x 1/12 + p-cryptoxanthin (ug) x 1/24.

§ 1 mg NE = niacin (mg) + protein (mg)/6000.

sugar intake associated with inadequate micronutrient intake
(i.e. 25 %E) than Western children and adolescents (>13-20 %
E)?19 These lower thresholds were mainly due to the lower
mean free sugar intake in Japanese children and adolescents
(6:0 %E in the present study and 5-8-7-7 %E in the previous
study™") than in Western counterparts (>11-5 %E)®!?, accom-
panied with lower micronutrient intake at higher free sugar
intake, although other discrepancies, related to the study design
and population characteristics, might have also contributed to
the difference. As mentioned above, the lower soft drink intake
in Japanese children and adolescents could be one of the pos-
sible reasons for such lower mean free sugar intake. Another
possible reason could be related to the school system, including
the school lunch programme in Japan®®. Under the Standards
for the school lunch programme, 98-6 and 83-7 % of Japanese
elementary and junior high schools provide uniformed school
lunch, respectively, and the nutrients contents are regu-
lated®>39 . In the present study, a dietary assessment was con-
ducted on a week day except Sundays and national holidays,
and accordingly, 63-3% of our children and adolescents had

school-prepared lunch. Additionally, tuck shops and vending
machines are generally not available in public elementary and
junior high schools, and children are not allowed to bring money
to public elementary schools, although there is no standard in
Japan. The present findings suggest that the WHO guidelines
for free sugar intake would be effective to prevent insufficient
nutrient intake in children and adolescents, as well as adults",
in Japan. Further, studies are needed to assess the efficacy of
these guidelines in other countries with a different dietary habit.

Previous findings suggest that very low free sugar intake may
lead to poor micronutrient intake due to over-restriction in the
diet®”. Intakes of several micronutrients were lower in the
<2:5%E category of free sugar intake in Japanese children
and adolescents in the present study, although the differences
did not reach statistical significance; the findings are in consistent
with that in Japanese adults''>. This discrepancy could be partly
explained by the smaller number of children and adolescents (7
2919) in the present study than that of adults (72 16 652) in the
previous study", as well as small statistical power; in addition,
differences in dietary habits between generations might also
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Table 4. Food group intake in Japanese children and adolescents (n2919) according to free sugar intake: the 2016 National Health and Nutrition Survey,
Japan
(Numbers and percentages; mean values with their standard errors)

<2-5 %E** 2.5 t0 <5 %E** 5to <10 %E** >10 %E**
Mean SE Mean SE Mean SE Mean SE Ptt
Participants
n 620 849 996 454
% 212 291 341 156
Food groups

Rice and grains

Absolute intake 354.2 6-4 3369 54 3045 5-0tt 265-2 748119 <0-001

Intake per 1000 kcal (4184 kJ) 1987 2.8* 1814 2.3 159-6 2:2tt 1384 328119 <0-001
Bread

Absolute intake 32.0 1.8 336 15 333 14 306 2.0 0-513

Intake per 1000 kcal (4184 kJ) 197 1.0 19.0 0-8 188 08 164 11 0.027
Noodles

Absolute intake 44.4 32 36-3 27 435 25 46-4 37 0-217

Intake per 1000 kcal (4184 kJ) 282 1.9 22:3 16 25.0 1.5 276 22 0-615
Other grain products

Absolute intake 12:6 11 13-4 09 14.5 09 14.8 1.3 0-160

Intake per 1000 kcal (4184 kJ) 68 0-6 73 05 79 05 79 07 0171
Potatoes

Absolute intake 50-0 24 58-0 2.0 50-7 1.9 42.7 2.8l 0-002

Intake per 1000 kcal (4184 kJ) 29.0 12 314 11 277 1.0 223 1411 <0-001
Sugars and jams

Absolute intake 2.2 0.3* 6-1 0-3 7-8 0-2tt 8.7 0-38ll <0-001

Intake per 1000 kcal (4184 kJ) 1.3 0-2* 33 01 4.2 011t 4.9 0-28ll <0-001
Pulses and nuts

Absolute intake 389 2.0* 49-6 1.7 40-7 1-5% 335 2.3l <0-001

Intake per 1000 kcal (4184 kJ) 233 11 281 09 224 0-9% 187 1-3ll <0-001
Vegetablestt

Absolute intake 224.8 4.6 242.3 39 225.0 36 188-2 5-48l19 <0-001

Intake per 1000 kcal (4184 kJ) 1317 24 134-6 2.0 123.5 1.9 1031 288119 <0-001
Fruits

Absolute intake 571 31 57-9 27 57-9 25 576 37 0-944

Intake per 1000 kcal (4184 kJ) 36-8 1.9 350 1.6 336 1.5 346 22 0-408
Fish and shellfish

Absolute intake 379 1.9 42.9 1.6 43-2 1.5 382 22 0-833

Intake per 1000 kcal (4184 kJ) 22.5 1.0 237 09 24.0 0-8 209 1.2 0-262
Meats

Absolute intake 108-1 2.7 109-6 23 101-0 21 914 3-28ll <0-001

Intake per 1000 kcal (4184 kJ) 592 12 579 1.0 519 1-0t% 45.9 1-48ll <0-001
Eggs

Absolute intake 336 1.3 341 11 316 1.0 309 1.5 0-058

Intake per 1000 kcal (4184 kJ) 195 07 188 0-6 171 06 165 0-8 0-001
Dairy products

Absolute intake 2087 66 2223 56 2116 52 1591 7-78119 <0-001

Intake per 1000 kcal (4184 kJ) 124.0 36 126-1 31 1179 2.8 888 4.28119 <0-001
Fat and oil

Absolute intake 137 0-4 131 03 121 0-3 11.0 0-5§ <0-001

Intake per 1000 kcal (4184 kJ) 76 02 7-0 02 65 0-2t 59 0-28ll <0-001
Confectioneries

Absolute intake 74 21 280 1.8 62-1 1-61% 93-6 248119 <0-001

Intake per 1000 kcal (4184 kJ) 5.7 1-1* 15-1 1.0 335 09tt 53.7 1-38119 <0-001
Fruit and vegetable juices

Absolute intake 77 32 119 27 338 2:5t% 49.7 3.78ll <0-001

Intake per 1000 kcal (4184 kJ) 55 1.8 6-8 1.5 185 1-41% 31.9 218119 <0-001
Unsweetened tea and coffee

Absolute intake 2471 115 2621 98 266-6 90 2373 134 0-522

Intake per 1000 kcal (4184 kJ) 157-8 6-9 1477 59 1482 54 1377 80 0763
Soft drinks§§lIII

Absolute intake 0 6-2 228 53 74-6 4.9t 267-4 7-2119 -

Intake per 1000 kcal (4184 kJ) 0 30 11-4 25 38-3 2.3t 140-3 3511 -
Seasonings

Absolute intake 65-1 2.7 68-6 23 70-9 22 58-3 32 0-108

Intake per 1000 kcal (4184 kJ) 399 1.7 40-0 14 387 1.3 32.0 20 0-001

%E, percentage of energy intake.

** Tukey—Kramer test was conducted with adjustment for sex, age and weight status (underweight; normal; or overweight and obese). P < 0-001 for difference between: <2-5 %E and
2.5 t0 <56 %E*, 5 t0 <10 %E and <2:5%Et, 5 to <10 %E and 2.5 to <5 %E$, >10 %E and <2-5 %E§, >10 %E and 2-5 to <5 %Ell and >10 %E and 5 to <10 %E{].

11 Linear regression was conducted using the median value of each category of free sugar intake (1-5, 3-7, 6-8 and 12-7 %E) as a continuous variable with adjustment for same
variables used in Tukey—Kramer test.

11 Including mushrooms and seaweeds.

§§ Including soda, sports drinks, fruit drinks, milk beverages and pre-sweetened coffee.

Il Negative adjusted mean is presented as zero.
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contribute to the discrepancy. Therefore, the public health pro-
gramme to reduce free sugar intake should be conducted with
the promotion of a balanced diet to maintain adequate nutrient
intake in children and adolescents with very low free sugar
intake. Notably, the risk of nutrient inadequacy may be lower
in children and adolescents than in adults.

Fortified sugar-containing food items, such as breakfast cer-
eals, which are frequently consumed in Western countries, can
mask the negative effect of sugars on nutrient density®®. In these
countries, food fortification should be considered to assess the
influence of free sugar intake on nutrient dilution. However,
because only unfortified breakfast cereals (that were included
in other grain products in this study) are included in the
STECJ?'22 fortification of these food items may not influence
the present findings. Moreover, the very low mean intake (i.e.
1-3 @) of breakfast cereals in Japanese children and adolescents
makes it unlikely to produce any substantial effect.

The present study has several limitations that should be men-
tioned. First, while NHNS aims to include a nationally represen-
tative sample of the non-institutionalised population of Japan,
the participation rate of sampled households was only 44-4 %.
This rate is somewhat lower than that of the national nutritional
surveys in other countries, such as the USA and the UK (61-36%
and 53 %“?, respectively). One reason for the lower participa-
tion rate in the present analysis may be the higher burden of
the dietary assessment method (i.e. a weighed dietary record
compared with a 24-h recall or an estimated dietary record)-42,
Indeed, a change from a weighed dietary record to an estimated
dietary record has improved the response rate (from 47 to
55 %), Unfortunately, information on the characteristics of
the households that refused to participate was not available,
and the exact response rate of individual participants was not
determined in the present analysis'*. Previous Japanese sur-
veys“34 reported that female or older participants had a higher
response rate and were associated with higher micronutrient
intakes>. These findings suggest that adult participants of the
NHNS have higher micronutrient intake than non-participants.
However, the influence of an adult household member on the
diet of their children is unknown; thus, we could not conclude
whether the diet micronutrient intake in the children and
adolescents in the present study was higher than that in
non-participants. Additional studies are warranted to investi-
gate the association between the response rate and dietary
intake in children and adolescents, clarify reasons for non-
participation and identify methods to enhance motivation to
participate in the future NHNS.

Second, the 1-d weighed household dietary records are insuf-
ficient to capture the habitual dietary intake of individual partic-
ipants because the error introduced by the day-to-day variations
in dietary intakes among free-living individuals is too large to be
ruled out. This issue is the weakest part of the methodology of
the present analysis. A previous study in Japanese adults sug-
gested that the number of days of dietary records required to
assess the usual intake was largest for nuts and seeds and small-
est for cereals’”’, For nutrients, the largest number of days was
required to assess usual intake of retinol“®, possibly due to the
relatively larger number of days required for evaluating usual
intake of meats (including offal). These factors could result in

the absence of an association between free sugar intake and vita-
min A intake in the present study, in contrast to previous studies
wherein habitual dietary intakes have been estimated based on
multiple-day dietary data®'®. On the contrary, the number of
days required to assess the usual intake of energy and other
nutrients was relatively small““®. Therefore, caution is needed
for interpreting the present results because the random error
introduced by within-individual variations might attenuate the
between-individual variations in nutrient intake in relation to
free sugar intake. While the dietary assessment was not con-
ducted on Sundays or national holidays, there was no informa-
tion on the day selected for recording'*). Furthermore, seasonal
variations could affect the dietary intake due to a specific time
window of the survey“”®._ These limitations might produce bias
in the assessment of the average dietary intake and thus hinder
the accuracy of the present finding. Ideal solutions to overcome
these limitations are a multiple-day dietary assessment covering
all seasons and all the days of the week or the use of a validated
dietary assessment questionnaire. Unfortunately, no nationally
representative dietary survey on the basis of multiple-day dietary
assessment methods is available in Japan. The feasibility of these
strategies should be considered in future NHNS.

Third, the misreporting of dietary intake commonly occurs in
dietary assessments and may influence the accuracy of the rela-
tionship between dietary intake and the variables of interest.
Consumers with the lowest free sugar intake tend to under-
report energy intake®!%1® while those with under-reporting
energy intakes selectively under-report confectioneries and soft
drinks intakes?’?®, However, the sensitivity analysis suggested
that the influence of misreporting on the present finding was not
significant enough to change the conclusion on the association
between free sugar and nutrient intake.

Fourth, to assess the occurrence of nutrient dilution based on
the WHO guidelines”, we showed free sugar intake as nutrient
density (i.e. %E). Because the use of nutrient density for free
sugar intake is affected by energy and other macronutrient
intakes, the association of free sugar intake with nutrient intake
reported in the present study might be dependent on the intakes
of total energy and other macronutrients“?. Intake of nutrients
and food groups was also shown as nutrient density to consider
differences in these intakes derived from varying body sizes and
energy requirements. This provides the same problem as in the
case of free sugars, although the use of absolute value cannot
take into account the difference mentioned above. Further,
the primary objective of WHO guidelines is the prevention of
dental caries and obesity, and insufficient nutrient intake and
energetic control are not included in the guidelines.
Because both macro- and micronutrient intakes are positively
associated with the total energy intake®>®, it is possible to
achieve the recommended nutrient intake if the energy intake
is high enough irrespective of free sugar intake. This is another
problem of the use of absolute values. Hence, we showed the
results of both the absolute values and nutrient densities and dis-
cussed the influence of energy adjustment on the present find-
ings. However, since no optimal approach is available to adjust
for the variations in the reported energy intake, any finding of
nutrient dilution by free sugar intake should be carefully inter-
preted in accordance with the methodology used®"?.
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Finally, despite a possible association between free sugar
intake and social environmental status (SES)®®, SES was not
adjusted as a confounding factor in the present study; thus,
the present findings were not independent of the influence of
SES. Unfortunately, the NHNS 2016 only collected information
on the occupation of adult participants, but not information
on the household income as well as occupation and educational
levels of parents of children and adolescents. Therefore, the
present findings should be confirmed in other Japanese children
and adolescents with information on SES variables. Further, the
NHNS should consider collecting information on SES in children
and adolescents, or information on the relationship between
household members (e.g. fathers and their children; this can en-
able the link between children and adolescent members to the
occupational status of adult members) in the future.

Conclusion

This national survey with a cross-sectional design reported lower
nutrient intake in participants with higher free sugar intake in
Japanese children and adolescents with relatively low free sugar
intake. The present results suggested that the WHO guidelines
for free sugar intake could help prevent nutrient dilution in
Japanese children and adolescents, as demonstrated in
Japanese adults. Although these findings may aid the develop-
ment of guidelines for free sugar intake and public health policy
in Japan, the present results should be interpreted with cautions
because the association between free sugar intake and nutrient
dilution could be attenuated by the random error introduced by
day-to-day variations.
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