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Abstract

Objective: To assess total sugar (TS), added sugar (AS) and free sugar (FS) intakes,
dietary sources, adherence to recommendations and determinants of consump-
tion, in a Portuguese national sample.

Design: Cross-sectional study. Dietary assessment was obtained by two food
diaries in children aged <10 years and two non-consecutive 24 h recalls for other
age groups. TS, AS and FS intakes were estimated by using SPADE software. TS
content in food was estimated at the ingredient level. AS content in food was
assessed through a systematic methodology and FS was based on the WHO
definition.

Setting: National Food, Nutrition and Physical Activity Survey JAN-AF 2015-2016),
Portugal.

Participants: Representative sample from the Portuguese population, aged from 3
months to 84 years (72 5811).

Results: Mean daily intake and contribution to total energy intake (E%) were
84-3 g/d (18:5E%) for TS, 32-1 g/d (6-8 E%) for AS and 35-3 g/d (7-5E%) for FS.
Of the population, 76 % adhered to the FS recommendation (FS < 10 E%). The low-
est adherence was in children (51-6 %) and adolescents (51:3 %). The main dietary
source of TS was fruit across all ages, except in adolescents which was soft drinks.
In children, the main dietary sources of FS were yoghurts and sweets, soft drinks in
adolescents and table sugar in adults/elderly. FS intake was lower in children with
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higher among smokers.

Conclusions: Interventions ought to be planned towards decreasing intakes of
added and free sugars considering population-specific characteristics.

Excessive sugar intake, particularly added and free sugars,
has become an emerging public health issue. Observational
and experimental studies indicate an association between
high intake of added/free sugars and excessive adiposity™?,
along with an increased risk for dental caries®.
Cardiometabolic risk factors™®, namely type 2 diabetes®,
are also other outcomes related to higher dietary sugar intake

reported in the previous literature.

tMembers of the IAN-AF Consortium are listed in the Appendix.
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Dietary recommendations

There is a growing concern that high intake of added
sugars is associated with poorer diet quality™® and might
contribute to an unbalanced energy expenditure® and
excessive energy intake’”7". Currently, the most consis-
tent association reported by prospective cohort studies
and randomized controlled trials appears to be the relation-
ship between sugar-sweetened beverages and weight gain,
both in children and acults?*-1%,

Total sugars comprise all mono- and disaccharides

present in foods. According to the European Food Safety
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Authority, added sugars comprise all sugars which are
added to food by the manufacturer, cook or consumer,
such as glucose, fructose, sucrose, starch hydrolysates
and other isolated sugar preparations'®. Free sugars are
defined, according to the WHO, as added sugars plus
sugars naturally present in honey, syrups, fruit juices and
fruit juice concentrates!>1%),

In 2015, WHO updated the dietary guidelines and
recommended ‘reducing the intake of free sugars to less
than 10 % of total energy intake (E%)’ as a ‘strong recom-
mendation’, along with a ‘conditional recommendation’
to further reduce free sugars to below 5E%?. Within a
European framework, the Scientific Advisory Committee
on Nutrition in the UK advised that ‘the average population
intake of free sugars should not exceed 5 E%'” and the
Nordic Nutrition Recommendations 2012 advised an intake
of added sugars below 10 E%®. More recently, in the USA,
the Scientific Report of the 2015 Dietary Guidelines
Advisory Committee also suggested the maximum intake
from added sugars as 10 E%?.

Sugar intake estimates across the world have been
assessed, but there is still little comparable descriptive
information on added and free sugar intakes and their main
food sources in different population age groups. In part,
this may be due to the lack of a systematic approach to esti-
mate dietary sugar intake in the population and added/free
sugar content in foods, along with the inconsistency on
‘sugars’ definitions across surveys and differences in study
design®>?V_ Hence, most food composition tables do not
present information on added or free sugar content of
foods, nor do labels on pre-packaged foods have such
descriptive information.

Therefore, using data from a national dietary survey and
considering a harmonized methodology of dietary assess-
ment®?, we aimed to estimate total, added and free sugar
intakes, adherence to current recommendations, the main
food sources by age group, as well as characteristics
associated with consumption of naturally present sugars
and free sugars.

Methods

Participants

The protocol and methodology of the National Food,
Nutrition and Physical Activity Survey of the Portuguese
Population (IAN-AF 2015-2016) have been described in
detail elsewhere®2%.

In summary, this survey was conducted among the
Portuguese population, covering infants (3 months old) to
the elderly (84 years old). Selection of participants was per-
formed by multistage sampling: stratification by the seven
Portuguese Statistical Geographical Regions (NUTSID; ran-
dom selection of a Primary Health Care Unit in each region;
and random selection of individuals in each Primary Health
Care Unit, according to sex and age group (<1 year, 1-2
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years, 3-9 years, 10-17 years, 18-34 years, 35-64 years,
65-74 years, 75-84 years).

A total of 6553 individuals were evaluated at the first
appointment (participation rate among eligible individuals:
33-4%). From those, 5811 completed two dietary assess-
ment interviews 8-15d apart (participation rate among
eligible individuals: 29-6 %; 40-0 % in children and adoles-
cents; 21-:0% in adults and the elderly). As previously
described®®, individuals who refused to participate were
older (over 65 years: 22 v. 13%) and had a lower educa-
tional level (over 12 years: 19 v. 27%). No significant
differences were observed for the other tested variables:
fruit and vegetable consumption (>5 portions/d: 186 v.
18-1 %), practise of regular leisure-time or physical activity
(33 v. 39 %) and obesity (12-4 v. 12:7 %).

Dietary assessment

Data were collected from October 2015 to September
2016, through 12 months in order to minimize seasonal vari-
ability of food consumption, by trained interviewers, using an
electronic platform (You eAT&Move). The eAT24 (Electronic
Assessment Tool for 24-hours recall) software®® was used to
collect detailed consumption data by 24 h recall or food
diaries. Face-to-face interviews were conducted at a health-
care centre or at the participant’s home (according to their
choice).

In children aged under 10 years, dietary intake was
obtained by two non-consecutive one-day food diaries
(8-15d apart), filled in by the main caregiver(s), which
was followed by a face-to-face interview with parents or
other caregivers for supplementary details related to food
description and quantification. For the other age groups,
two non-consecutive 24 h recalls were obtained (8-15d
apart). For those aged 10 to 14 years, the 24 h recall was
administered in the presence of one of the parents or other
caregiver. For adolescents from 15 to 17 years old, the pres-
ence of a parent or other caregiver was not mandatory.

Food consumption data were collected with the eAT24
software, which allowed to collect detailed information and
quantification of foods, recipes and food supplements
reported, and to convert foods into nutrients at the ingre-
dient level. Food portions were estimated by using: a pho-
tographic method (a digital colour food picture book was
developed based on a previously validated one®); a pre-
defined household measure list; the weight or volume
method; the standard unit method (for foods with various
standard weights); and a list of default mean portions when
participants selected the option ‘unknown’ to quantify a
specific food item. All foods reported by the participants
were categorized into food groups and subgroups for
analysis purposes. The definition of each food group and
the food items included are described in detail in the online
supplementary material (Supplemental Table S1). Food
items and disaggregated recipes were organized by food
group, except for sweets, cakes and soups.
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Estimation of total, added and free sugars

The eAT24 software converted foods into nutrients, using
by default the Portuguese Food Composition Table®®,
originally composed by 962 food items. The composition
database was continuously adapted during the survey
fieldwork, using mostly data from the European Food
Information Resource (EuroFIR) network databases®®”,
When data were missing, direct analyses of nutritional com-
position from Portuguese foods and food labelling informa-
tion were used, subsequently ending up with 2479 food
items, 1696 recipes and 117 food supplement items.

In the current study, the term ‘total sugars’ comprises
all mono- and disaccharides (such as glucose, fructose, lac-
tose, sucrose and maltose). The values of total sugars for
each food item were those included in the food composi-
tion database. Nutritional composition of recipes was
calculated according to the methodology proposed by
EuroFIR®®. Each recipe reported was disaggregated into
food ingredients which were listed in the food composition
database and total sugar estimation of recipes was based on
raw edible portions of ingredients.

To estimate added sugar content, the systematic method
proposed by Louie et al.* was adopted. Hence, added
sugar content of each food item was assigned according
to the following steps: (step 1) to foods with 0 g of total sug-
ars, 0 g of added sugars was assigned (12 625); (step 2) to
foods unprocessed or minimally processed with no added
sugars, 0 g of added sugars was assigned (12 949); (step 3) to
foods that contained minimal amounts of naturally occur-
ring sugars, 100 % of total sugars was assigned as added
sugars (1247); (step 4) calculated a formula based on a
standard recipe used in the food composition
database, where added sugar contents of all ingredients
were available from the previous steps (12 352); (step 5)
calculated a formula based on comparison with values from
the unsweetened variety (72 65); (step 10) if estimation of
added sugars was impossible from the previous steps,
50% of total sugars was assigned as added sugars
(n118). Steps 6-9 were not used for the purpose of the
present study. Lactose present in foods counted as naturally
present sugars. To estimate free sugars, we used the
WHO definition!>'?) considering added sugars plus all
sugars naturally present in honey, syrups, fruit juices and
fruit juice concentrates. The food sources of sugar dietary
intake were estimated using food groups based on disag-
gregated food items, except for sweets, cakes and soups.

Otber variables

As part of the survey, participants were asked about demo-
graphic and socio-economic characteristics, health-related
data and lifestyle behavioural characteristics. The following
demographic and socio-economic characteristics were used
at the present study: sex, age, educational level (none,
primary or preparatory/middle school or secondary/tertiary),
degree of urbanization (predominantly urban/mostly urban/
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predominantly rural) and household size (<3 members/ >4
members). Household income in Euros per month was used
only in adults (total budget of all household members). In
children and adolescents, having siblings was also assessed,
and parental educational level was considered according to
the parent with the highest educational level.

Health-related data and lifestyle behavioural character-
istics were considered only in participants above 3 years of
age. Health-related data were assessed as having a chronic
disease previously diagnosed and, solely in adults, partici-
pant’s own perception of health was considered. The life-
style behavioural characteristics assessed among adults
were current smoking status and alcohol consumption in
grams per day. At all ages, leisure-time or physical activity
was also assessed and classified as ‘yes’ or ‘no’. Parents
reported whether their child had regular practise of physi-
cal activity (excluding school activities) and adults self-
reported whether they had regular practise of programmed
leisure-time physical activity.

Statistical analysis

Intakes of total, added and free sugars (in grams per day),
contribution to total energy intake (E%) and proportion of
adherence to recommendations were estimated by sex,
age and geographical region. All the estimates were calcu-
lated according to the complex sampling design, using the
weighting of the sample. SPADE software®” was used to
estimate usual intakes of sugars from the two-day dietary
assessments, adjusting for intraindividual day-to-day vari-
ability and using survey weights, to assure nationally repre-
sentative estimates. For comparisons across sex, age groups
and geographical regions, estimates were standardized for
the proportions of sex and age considering the distribution
of the Portuguese population.

To evaluate the association of usual mean intake of natu-
rally present sugars (calculated as total sugars minus free
sugars) and intake of free sugars with demographic, socio-
economic, health-related data and behavioural characteristics,
linear mixed-effects models’ regression coefficients () and
respective percentile bootstrap 95% CI were obtained by
using bootstrapping weights with 200 replications. Three
separate models were fitted: crude model (model 1); a second
model adjusted for sex, age and education level (model 2);
and to assess if energy intake mediates the effect of the tested
variables on the intakes of naturally present sugars and free
sugars, a third model additionally adjusted for total energy
intake (model 3) was performed. The R software version
3.4.0 for Windows®P was used. A significance level of 5%
was assumed.

Results

Total, added and free sugar usual intakes
Table 1 shows the total, added and free sugar intakes in
the overall population and according to sex, age and
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Table 1 Usual mean and median intakes (g/d) of total, added and free sugars and contribution to the total energy intake (E%) in the population, by sex, age group and region; National Food, Nutrition and

Physical Activity Survey (IAN-AF 2015-2016), Portugal (n 5811)

Total sugars (mono- and disaccharides) Added sugars Free sugars
Mean Median Mean Median Mean Median Mean Median Mean Median Mean Median
n (g/d) (g/d) P25-P75 (E%) (E%) P25-P75 (g/d) (g/d) P25-P75 (E%) (E%) P25-P75 (g/d) (9g/d) P25-P75 (E%) (E%) P25-P75
All 5811 843 804 61.8-1025 185 180 14.6-21-8 321 269 15.8-42.7 68 6-0 3-7-9-0 35-3 295 17.3-471 75 6-6 4.1-9-9
Sex
Female 3018 784 756 59-8-93.9 199 195  16-3-23-0 291 24.8 151-384 7.0 6-3 4-1-91 32:2 276 164-429 78 71 4.7-10-2
Male 2793 910 862 651-111.7 171 16-4 13-0-20-3 359 295 169481 65 5.6 3-4-8.7 394 326 185-52.9 68 6-0 3-6-9-1
Age group
Children, 944 86-3 825 62:9-1055 280 27.3 22.7-325 282 234 12.3-387 76 6-9 4.4-10-1 309 254 12.842.7 8.2 7-4 4.7-10-9
<5 years
Children, 383 1000 962 76:1-119.7 22.7 22.3 18:6-26-3 446 396 264-576 96 8-9 6-2-12.2 497 44.0 29-1-63-8 106 98 6-9-13-4
5-9 years
Adolescents, 632 99-8 96-0 75.9-119-6 20-2 19-8 16-3-23.6 477 42.6 284613 95 8-8 6-2-12.1  52.9 475 31.4-68.3 105 9-8 6-8-13-5
10-17 years
Adults, 1758 895 858 67-1-1079 181 17.8 14.5-21.4 378 33.0 21.0-498 77 7-0 4.6-9-9 41.8 364 31.4-545 85 77 5-2-11-0
18—44 years
Adults, 1344 786 751 58.2-95.1 17-6 172  14.0-20-7 265 22.5 13.7-349 57 51 3:3-7-5 290 24.7 15.0-38:3 63 5.6 3-6-8-3
45-64 years
Elderly, 750 715 681 52.5-86-8 176 17.2 14.0-20-7 198 16-4 9.6-26-3 46 4.0 2.5-6-1 21.4 17.7 10-2-28-6 5.0 4.3 2:6-6-6
>65 years
Geographical region
North 989 827 792 61.1-100-5 182 176 14.2-21.5 302 25.8 15.3-40-3 64 5.7 3-6-8-5 314 26-8 16-1-41.7 67 6-0 3-8-89
Centre 1014 859 824 64.5-103-6 189 184 15.1-22.2 311 268 16-4-411 62 5-6 3-6-8-2 339 292 17.8-450 67 6-1 4.0-8-8
Lisbon 809 873 829 62.8-107-1 186 181  14.8-21.8 339 28.0 16-:3-451 67 5-9 3-8-8-8 391 332 19-8-52-1 79 71 4.7-10-3
Alentejo 670 880 832 636-107-1 184 17.7 14.0-221 354 304 18:5-469 7.0 6-1 3-8-9-2 36-5 31.0 185484 72 6-4 4.0-9-6
Algarve 766 838 805 62.2-101.8 184 179 14.7-21.5 310 267 164-41.0 64 5-8 3-8-8-4 354 30-3 182471 72 6-5 4.3-9-4
Madeira 779 764 722 54.8-934 19-0 185 15.2-22.1 31.2 258 14.9-415 71 6-3 4.0-9-3 34.2 282 161457 7-6 6-8 4.4-9.9
Azores 784 867 808 59-6-1074 192 186 150228 373 304 175497 78 6-9 4.3-10-3 400 32.8 18.8-53.3 85 7-5 4.7-11.2

P25, 25th percentile; P75, 75th percentile.
Usual intake modelling (SPADE method) was used to construct the usual intake distributions.
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geographical region. The mean daily intake of total sugars
was 84-3 g/d (18:5E%). The mean daily intake of added
sugars was 32-1g/d and of free sugars was 353 g/d,
contributing 6-8 and 7-5 E%, respectively. Mean values of
total, added and free sugar intakes (g/d) were higher in
males than in females, although the contribution to total
energy intake was higher among females. Compared with
other age groups, children aged <5 years showed the
highest energy contribution from total sugars (28-0 E%).
The mean daily intake and percentage of energy from
added and free sugars peaked in children aged 5-9 years
(9:6 E% from added and 10-6 E% from free sugars) and ado-
lescents aged 10-17 years (9:5 E% from added and 10-5 E%
from free sugars). The intakes did not differ significantly by
geographical region.

Adberence to recommendations

Table 2 shows the adherence to dietary recommendations.
Approximately, 81 % of the Portuguese population adhered
to the recommendation of an intake below 10 E% for added
sugars and no remarkable differences were found by sex.
Regarding free sugars <10 E%, 73-7 % of females and 79-9 %
of males adhered, while the percentage of adherence to
<5E% was considerably smaller, both for females
(28:3%) and males (39:8%). Except for children aged
<5 years (who showed higher adherence than children
aged 5-9 years and adolescents), adherence to recommen-
dations increased according to age. The lowest adherence
to both recommendations of added and free sugars <10 E%
or <5 E% was found in children aged 5-9 years (59-3 and
51-6 %, respectively) and adolescents aged 10-17 years
(60-0 and 51-3 %, respectively), while the elderly showed
the highest percentage of adherence (94-7 and 92-6 %,
respectively). The proportion of adherence to recommen-
dations for added or free sugars was similar across the dif-
ferent studied groups.

Food sources of total, added and free sugars
Figure 1 shows the main food sources of the total, added
and free sugar intakes in the Portuguese population.
Fresh fruit was the leading dietary source of total sugars
(219 %), whereas table sugar, sweets and soft drinks were
the main dietary sources of added and free sugars.

Table 3 presents the percentage contributions of the
main food sources of the total, added and free sugars by
age group. In children and adults, fresh fruit made the
highest contribution to total sugar intake. Nevertheless,
in adolescents the major dietary source of total sugars
was soft drinks. Soft drinks also led the top contribution
of added and free sugars in adolescents’ intakes and were
a major contributor at all ages, but mostly at younger ones.

Throughout all ages, despite having different percentage
contributions at each age group, yoghurts not only contrib-
uted to total sugar intake, but were also the major dietary
source of added and free sugars in children aged <5 years,
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Table 2 Adherence (%) to added and free sugar recommendations
by sex, age group and region; National Food, Nutrition and Physical
Activity Survey (IAN-AF 2015-2016), Portugal (n 5811)

Added sugars Free sugars

<10 E%* <5E% <10 E%t <5 E%t

All§ 80-9 39-2 757 340
Sex§

Female 80-4 35-3 737 28-3

Male 81.7 436 799 398
Age group|

Children, <5 years 74.7 30-8 69-9 28-3

Children, 5-9 years 59-3 14.7 51-6 113

Adolescents, 10-17 60-0 15.5 51.3 11-6

years

Adults, 18—-44 years 75-5 28-8 68-9 23-5

Adults, 45-64 years 89-0 485 85-1 42.7

Elderly, >65 years 94.7 63-9 92.6 58-8
Geographical region{|

North 83.9 41.9 81-8 38-8

Centre 86-0 42.3 82-8 370

Lisbon 819 396 733 285

Alentejo 79-7 37-8 775 356

Algarve 84.9 40-5 78-9 33-3

Madeira 79-3 36-1 75-5 311

Azores 731 321 68-3 28-0

E%, percentage of total energy intake.

Usual intake modelling (SPADE method) was used to construct the usual intake
distributions.

*Dietary Guidelines for Americans (2015-2020)('®) and value recommended by the
Nordic Nutrition Recommendations (2012)('8),

tStrong recommendation by WHO (2015) for free sugars('®).

tConditional recommendation by WHO (2015)("® and recommendation by the
Scientific Advisory Committee on Nutrition (2015)('") for free sugars.

§Values weighted for the Portuguese population distribution and standardized for age.
|| Values weighted for the Portuguese population distribution and standardized for sex.
{Values weighted for the Portuguese population distribution, standardized for sex
and for age.

the third major dietary source in children aged 5-9 years and
a substantial dietary source in adults. Breakfast cereals
showed different contributions depending on age. In adults
and the elderly, table sugar accounted for above 30 % of
added and free sugar intakes (approximately). Across all
ages, sweets, cakes and cookies were in the top food sources
of added and free sugars.

Associated characteristics of naturally present
and free sugar usual intakes

Table 4 illustrates the three models fitted to estimate asso-
ciations between the studied variables among children and
adolescents. In multivariate analysis (model 2), boys and
those with more educated parents had significantly higher
intake of naturally present sugars and lower intake of free
sugars.

Increasing age among children and adolescents was
positively associated with free sugar intake. The practise
of leisure-time/physical activity was significantly and pos-
itively associated with intake of naturally present sugars
($=36;,95%CI 15, 5-5); however, no statistical difference
was found regarding free sugar intake. Children and
adolescents living in households with four or more mem-
bers were associated with lower intake of free sugars
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(a) )
Fresh fruit 219%
Milk | 10-3%
Table sugar | 81%
Sweets | 7-8%
Yoghurts | 75%
Soft drinks | 75%
Cakes | 58%
Vegetables | 4-2%
Bread and rusks | 3:9%
Cookies | 31%
0 5 1.0 1.5 2.0 2.5

Dietary sources contributing to daily total sugar intake (%)

(c) )
Table sugar

Sweets |

Soft drinks |

Cakes |

Yoghurts |

Cookies |

Breakfast cereals | 52%

Nectars | 41%
31%

100 % Fruit juice/natural

Meat and charcuterie

1-8%

Meat and charcuterie

AR Marinho et al.

(b) _
Table sugar 22:6%
Sweets | 16-3%
Soft drinks | 12:3%
Cakes | 11-0%
Yoghurts | 107 %
Cookies | 9-2%
Breakfast cereals | 57%
Nectars | 27%
2:0%

Milkshakes

17%

0 5 10 15 20 25
Dietary sources contributing to daily added sugar intake (%)

21-4%
167 %
11-8%
104 %
10-2%

8:5%

0 5

10 15 20 25

Dietary sources contributing to daily free sugar intake (%)

Fig. 1 Contribution (%) of the main dietary sources to the daily intake of (a) total sugars, added sugars and (c) free sugars in the
population; National Food, Nutrition and Physical Activity Survey (IAN-AF 2015-2016), Portugal (n5811). Food groups:
‘Milkshakes’ includes drinks made of milk and chocolate milk. ‘Milk alternatives’ includes rice, soya, almond, rye and coconut drinks;
vegan or soya yoghurt and desserts. ‘Meat and charcuterie’ includes red and white meat, ham, chorizo, bacon, sausages. ‘Breakfast
cereals’ includes wholegrain cereals; wheat flakes; chocolate cereals; fruit and fibre cereals; granola; cereal bars. ‘Cakes’ includes all
types of cakes and pastry (homemade or confectioner’s). ‘Sweets’ includes honey; syrups; liquid sugar; all types of candies, gums;
chocolate snacks; ice creams. ‘Table sugar’ includes glucose, white and brown sugar added by the participant

(B=-37, 95% CI —6:6, —0-4). No associations were found
with the degree of urbanization, having siblings or a
chronic disease. After additional adjustment for energy
intake (model 3), the effect was similar for the same varia-
bles, except for the consumption of free sugars by sex,
age and physical activity. The higher consumption in boys
and adolescents was energy-dependent, as was the lower
intake of free sugars in those who practised physical
activity.

Table 5 illustrates the three models fitted to estimate
associations between the studied variables among adults
and the elderly. Naturally present sugar and free sugar
intakes were higher in males, although the association
was dependent on energy intake. Also, naturally present
sugar intake was positively associated with age, while an
inverse association was found regarding free sugar intake.
Intake of natural sugars was also positively associated with

9/10.1017/51368980019002519 Published online by Cambridge University Press

higher education level and income, but no statistical
differences were found concerning free sugar intake,
except in individuals with middle school and secondary
education (f=5-9; 95 % CI 3-8, 7-8). Having a chronic dis-
ease was negatively associated with both natural and free
sugar intakes (f=-2-3; 95% CI —4-2, -0-7 and f=-4-2;
95% CI —-6-1, -2-5, respectively).

Individuals who practised leisure-time/physical activity
regularly showed significantly higher intake of naturally
present sugars (model 3: #=5-9; 95% CI 4-6, 7-3) and sig-
nificantly lower intake of free sugars (model 3: f=-4-9;
95% CI -6-7, =3-7), independently of energy. Smokers
showed lower intake of naturally present sugars and higher
intake of free sugars. Daily alcohol consumption above
1-5 units was inversely associated with free sugars
(B=-52; 95% CI -7-5, —-2-3), partially dependent on
energy intake (model 3: f#=-12:0; 95% CI -14-2, =9-2).
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Table 3 Main dietary sources of total, added and free sugars (%), by age group; National Food, Nutrition and Physical Activity Survey (IAN-AF 2015-2016), Portugal (n 5811)

Children, <5 years

Children, 5-9 years

Adolescents, 10-17 years

Food % Total % Added % Free Food % Total % Added % Free Food % Total % Added % Free
source sugars Food source sugars sugars  source sugars Food source sugars sugars  source sugars Food source sugars sugars
Milk 159 Yoghurts 16-8 16-1 Milk 14.5 Sweets 189 182  Soft drinks 16-8 Soft drinks 26-0 24.6
Fruits 15.7 Infant cereals 14.5 14.2 Fruits 14.4 Soft drinks 16-3 16-0 Milk 13.2 Sweets 15.4 15.0
Infant 119 Infant formula 140 139 Soft drinks 10-1 Yoghurts 12.5 11-8 Fresh fruit 12.5 Breakfast 137 12:6
formula cereals
Yoghurts 111 Sweets 131 131 Sweets 99 Cookies 114 106  Sweets 8-5 Cakes 10-2 95
Infant 8-2 Cookies 10-4 98  Yoghurts 97 Breakfast 107 10-3  Cakes 6-4 Cookies 94 8.7
cereals cereals
Sweets 58 Soft drinks 59 5.8  Milkshakes 9-0 Milkshakes 107 10-0  Yoghurts 6-4  Yoghurts 81 7-6
Human 5.0 Milkshakes 5-8 5.5 Cakes 5.0 Cakes 8-6 8-0 Breakfast 6-1 Milkshakes 4.5 4.3
milk cereals
Milkshakes 3-8 Breakfast 5.2 4.7 Cookies 5.0 Nectars 3-0 5.0 Cookies 4.8 Nectars 4.5 6-7
cereals
Soups 37 Cakes 4.6 4.2  Breakfast 4.5  Table sugar 28 26 Nectars 44  Table sugar 41 37
cereals
Cookies 29 Nectars 31 39 Nectars 31 Infant cereals 1.7 16 Milkshakes 4.0 100 % Fruit 0-0 35
100 % Fruit 0-0 2.8 juice/natural
juice/natural
Adults, 18-44 years Adults, 45-64 years Elderly, >65 years
Food % Total % Added % Free Food % Total % Added % Free Food % Total % Added % Free
source Sugars Food source sugars sugars  source sugars Food source sugars sugars  source sugars Food source sugars sugars
Fresh fruit 19-0 Table sugar 182 17-3 Fresh fruit 254 Table sugar 312 29.7 Fresh fruit 29-8  Table sugar 34-6 325
Soft drinks 105 Soft drinks 16-5 158 Table 107 Sweets 173 180 Milk 13.0 Sweets 16-0 180
sugar
Yoghurts 8-8 Sweets 157 156 Milk 94 Cakes 11.2 106  Table 10-3 Cookies 121 115
sugar
Milk 8-3 Cakes 11-6 109  Sweets 8.0 Yoghurts 107 10-2 Sweets 7-0 Cakes 11-6 111
Sweets 79 Yoghurts 11.2 10-5  Yoghurts 6-8  Cookies 80 74 Yoghurts 52  Yoghurts 9-5 92
Table 7-8 Cookies 8-5 7-6 Cakes 5.5 Soft drinks 8-0 7-5 Bread and 4.9 Soft drinks 4.8 4.7
sugar rusks
Cakes 6-6 Breakfast 6-9 6-4  Vegetables 5.0 Breakfast 4.2 3.7 Cakes 4.9 Breakfast 41 3.5
cereals cereals cereals
Vegetables 4.2 Nectars 3-8 5.8 Bread and 4.8 Meat and 3.0 2.7 Soups 4.7 Milk 2.0 1.7
rusks charcuterie alternatives
Nectars 35 Meat and 1.8 1.6 Soft drinks 4.4 Nectars 1.7 2:6 Vegetables 4.3 Meat and 1.4 1.3
charcuterie charcuterie
Milk 1-6 1.5 Milk 1.7 1.2
alternatives alternatives
Cookies 34 100 % Fruit 0-0 32 Soup 3.5 100 % Fruit 0-0 3.3  Cookies 2:6 Nectars 1.0 1.3
juice/natural juice/natural 100 % Fruit 0.0 2.3

juice/natural

Food groups: ‘Milkshakes’ includes drinks made of milk and chocolate milk. ‘Milk alternatives’ includes rice, soya, almond, rye and coconut drinks; soya yoghurt and desserts. ‘Meat and charcuterie’ includes red, white meat, ham, chorizo, bacon,
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sausages. ‘Infant cereals’ include baby cereal with/without milk; single grain and multigrain. ‘Breakfast cereals’ includes wholegrain cereals; wheat flakes; chocolate cereals; fruit and fibre cereals; granola; cereal bars. ‘Cakes’ includes all types of %

cakes and pastry (homemade or confectioner’s). ‘Sweets’ includes honey; syrups; liquid sugar; candies, gums; chocolate snacks; ice creams. ‘Table sugar’ includes glucose, white and brown sugar added by the participant.
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Table 4 Association of usual mean intakes of naturally present sugars and free sugars with demographic, socio-economic, health-related data and behavioural characteristics in children and
adolescents; National Food, Nutrition and Physical Activity Survey (IAN-AF 2015-2016), Portugal
Naturally present sugars Free sugars
Model 1* Model 2t Model 3% Model 1* Model 2t Model 3%
n p 95% ClI p 95 % Cl p 95% CI p 95 % Cl p 95 % Cl p 95 % CI
Demographic and socio-economic characteristics
Sex
Girls 986 Ref. Ref. Ref. Ref. Ref. Ref.
Boys 973 6-8 51,87 71 5.5, 8-8 2.9 1.3,4.7 6-6 4.2, 85 6-9 4.4, 91 -1.2 -34,05
Age group
Children, <5 years 944 Ref. Ref. Ref. Ref. Ref. Ref.
Children, 5-9 years 383 -03 -25,20 02 -22,24 88 -11.4,-6-1 25.9 22.9, 29-5 26-2 231, 297 85 5.8, 11-2
Adolescents, 10—17 years 632 -6- -87,-49 -57 -76,-37 -19 -21.5, -16-7 343 317,373 333 30-8, 36-3 6-5 38, 9.0
Parental education level
None, primary or preparatory 188 Ref. Ref. Ref. Ref. Ref. Ref.
Middle school or secondary 958 20 -1.5,55 1.3 -1.9,47 21 -05,4-8 -111  -151,-5.7 -4.7 -8.-6, —0-1 -3-3 -7-5, 01
Tertiary 799 8:5 4.9,12.3 7-4 3.9, 11.0 79 4.5,10-8 -191  -22.9,-15-0 -11. -158,-72 -10-8 -15.0,-7-2
Degree of urbanization
Predominantly urban 1395 Ref. Ref. Ref. Ref. Ref. Ref.
Mostly urban 333 -16 -4.3,11 -11  -36,15 -1.2 =37, 11 11 -3-6,5-9 1.9 -25,6-1 1.7 -2.9,52
Predominantly rural 231 1.5 -2.9,58 27 -15,68 3-8 -0-1,7-6 -2.5 -7-2,39 -3.7 -81,2.7 -1.0 -5.0,4-8
Household size
<3 members 703 Ref. Ref. Ref. Ref. Ref. Ref.
>4 members 1100 -1.7 -3.8,02 -14 -32,06 -0-9 -2-7,1-0 -0-3 -3-6, 3-0 -37 —-6-6, —0-4 -3.0 -5-1, -0-5
Having siblings
No 776 Ref. Ref. Ref. Ref. Ref. Ref.
Yes 1182 -1.3 -3.3,0-3 -04 24,17 -0-6 -2:3,1.3 25 -0-5, 54 -21 -5.0, 0-9 —-2-4 —-4.9, 0-1
Health-related data
Having a chronic disease
No 1682 Ref. Ref. Ref. Ref. Ref. Ref.
Yes 276 01 -2.0,28 -05 -3.0,1-8 -0-7 -31,15 1.3 -3-2,67 0-3 -4.1,5.8 -0-3 -4.8, 4.5
Behavioural
Physical activity/leisure-time
No 457 Ref. Ref. Ref. Ref. Ref. Ref.
Yes 674 56 35,74 36 15,55 2.8 0.9, 4.7 -34 -7-1,08 -22 -5.8,1-8 -3:5 -6-3, —0-3

B, regression coefficient; Ref., reference category.
Usual intake modelling (SPADE method) was used to construct the usual intake distributions. Cl were estimated using bootstrapping. Statistically significant associations are highlighted in bold.

*Model 1: crude model.

tModel 2: adjusted for sex, age and parental education level.
1Model 3: adjusted for sex, age, parental education level and energy intake.
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Table 5 Association of usual mean intakes of naturally present sugars and free sugars with demographic, socio-economic, health-related data and behavioural characteristics in adults and the
elderly; National Food, Nutrition and Physical Activity Survey (IAN-AF 2015-2016), Portugal

Naturally present sugars

Free sugars

Model 1* Model 2t Model 3t Model 1* Model 2t Model 3t
n p 95% Cl b 95% Cl 4 95% Cl b 95% Cl B 95% Cl B 95% Cl
Demographic and socio-economic characteristics
Sex
Female 2032 Ref. Ref. Ref. Ref. Ref. Ref.
Male 1829 3-8 23,52 4.0 24,55 -6-0 -7-6, -4-7 83 6-1,10-1 8-0 6-1,9:8 -1-8 -3.6, —0-1
Age group
Adults, 18-44 years 1758 Ref. Ref. Ref. Ref. Ref. Ref.
Adults, 45-64 years 1344 0-8 -08, 2.6 3.7 19,57 6-2 47,83 -18-3 -20-1, -16-2 -17.2 -19-1, -15.3 -14.8 -16-6, —12.9
Elderly, >65 years 750 2.0 -0-1, 4.0 7-8 5.3, 10-0 131 10.7, 151 -23.5 -25.3, -21-3 -20-5 -22.7, -18-2 -15.4 -17-5, -13-3
Education level
None, primary or preparatory 1342 Ref. Ref. Ref. Ref. Ref. Ref.
Middle school or secondary 1629 39 2.0, 56 71 5.1,9.2 5.8 4.0,75 16.0 14.0,17-8 5.9 3-8,78 4.6 27,65
Tertiary 876 9.0 6-8, 11-2 12.8 10.0, 15-1 11.8 9.3, 141 12.4 9.8, 14.7 1.7 -1-1, 4.0 0-8 -1.9,2.7
Income (€/month)§
<485 1342 Ref. Ref. Ref. Ref. Ref. Ref.
485-970 1015 1.7 -0-7, 4.2 2.0 -04, 4.4 2.8 0-6, 4-9 24 -05, 59 -0-4 -3.0, 24 05 -22, 3.0
971-1940 1389 9:0 7-0,11.0 9.7 74,115 93 71,113 6-1 26,96 0-0 -3.2,27 -0-5 -32,25
>1940 708 8-3 5-3,10.7 86 5.3, 10-8 84 5-8,10-9 50 1.9, 81 -1.4 -5.0,1-6 -1-6 -4.5,1.2
Degree of urbanization
Predominantly urban 2803 Ref. Ref. Ref. Ref. Ref. Ref.
Mostly urban 680 -2-1 -4.7,0-5 -1.5 -38,1-3 -22 —4.3, 0-1 -0-1 -3:6, 4-1 =11 -4.1,26 -2:0 -4.7,0-8
Predominantly rural 369 -21 -4-8,1-0 -0-7 -3-6, 2-1 -0-5 -3-1,2-3 11 -2:6,5-2 1-0 —-2:4,4.9 14 -1.8, 4.7
Household size
<3 members 2611 Ref. Ref. Ref. Ref. Ref. Ref.
>4 members 1195 -1.7 -3.5, —0-1 -1-6 -3.7, 0-1 -2-6 -41, -1.0 6-5 4.3,87 0-2 -21,2.3 -07 -26,1-2
Health-related data
Health perception
Very good, good, moderate 3445 Ref. Ref. Ref. Ref. Ref. Ref.
Bad, very bad 349 -49 -7-4, -2.9 -3-8 -6-4, -1.7 -1.7 -3.9, 0-8 -8.7 -11.3, -5:5 1.8 -08,4.7 41 1.5,6-7
Having a chronic disease
No 2201 Ref. Ref. Ref. Ref. Ref. Ref.
Yes 1651 -2.0 -3-8, —0-6 -23 -4-2, -0-7 -0-3 -2.0,1-1 -12.7 -14.7, -11.2 —4.2 -6-1, -2.5 -25 -4.0, —0-9
Behavioural
Leisure-time/physical activity
No 2421 Ref. Ref. Ref. Ref. Ref. Ref.
Yes 1381 6-7 5.3, 8:3 6-0 44,76 59 46,73 -0-4 —24,0-9 -4.9 —-6-8, -3-4 -4.9 -6.7, -3.7
Smoking status
Non-smoker 3037 Ref. Ref. Ref. Ref. Ref. Ref.
Smoker 812 -6-8 -85, —4-8 -7-4 -9.0, -5-4 -7-8 -9.2, —6-1 95 69, 12.3 51 29,79 4.8 24,70
Daily alcohol consumption||
<1-5 units 3145 Ref. Ref. Ref. Ref. Ref. Ref.
>1-5 units 707 -1.5 -39, 1-1 -24 —-4-9, 0-1 -94 -11.7, -7-2 -6-4 -8-7, -3.7 -5.2 -7-5, —2-3 -12.0 -14.2, -9-2

B, regression coefficient; Ref., reference category.

Usual intake modelling (SPADE method) was used to construct the usual intake distributions. Cl were estimated using bootstrapping.
Statistically significant associations are highlighted in bold.

*Model 1: crude model.

tModel 2: adjusted for sex, age and education level.

fModel 3: adjusted for sex, age, education level and energy intake
§Income was not adjusted for education level.
|[1-5 units correspond to 12 g/d for females and 24 g/d for males.
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Discussion

The present national dietary survey has provided for the
first time a detailed description of the total, added and free
sugar intakes in a representative sample of the Portuguese
general population, considering a systematic methodology
to estimate added sugar content and using a harmonized
methodology of dietary assessment.

The intake of total sugars accounted for 18-5 E%, added
sugars 6-8 E%and free sugars 7-5 E%. Despite the difficulty
of comparing results between dietary surveys due to differ-
ent methods of dietary analysis and assessment, our findings
are in accordance with studies performed over the past years
in Spain and the Netherlands. In the Spanish population
(ANIBES study)©®, from 9 to 75 years of age, total sugars
contributed 17-0E% and added/free sugars contributed
73 E%. In the Dutch population®®, from 7 to 69 years of
age, the mean contribution was slightly higher: total sugars
accounted for 22 E%, 12 E% from added sugars and 14 E%
from free sugars.

In the present study, the mean total, added and free
sugar intakes (g/d) were higher in males, but this difference
disappeared when the contribution to total energy intake
was considered. School-aged children, including children
aged 5-9 years and adolescents aged 10-17 years, showed
the highest percentage of total energy intake from added
sugars (9:6 and 9:5E%, respectively) and free sugars
(10-6 and 10-5E%, respectively). From adults aged
18-44 years to the elderly, the contributions of total, added
and free sugars to total energy intake declined with age.
These reported trends are aligned with those previously
described in a review of total and added sugar consump-
tion across the world??, although added sugar intake
was estimated only in five studies.

Regarding the main sources of sugar intake by age
group, infants and young children (<5 years) had the high-
est energy contribution from total sugars (28 E%) achieved
mainly from milk, fruit, infant formula and yoghurts.
Beyond this age, the main food sources of total sugars
changed, along with the initiation of a broader variety of
foods and drinks in the diet. Then, in children from 5 years
of age to adolescence, processed foods, such as soft drinks
and sweets, in addition to breakfast cereals in adolescents,
increased their contribution. This might justify the signifi-
cant lower intake of naturally present sugars and higher
intake of free sugars of Portuguese adolescents, when com-
pared with other age groups.

Regarding the free sugar intake, in children aged <5
years, yoghurts, infant cereals and formulas were the main
food sources of free sugars, while in children aged 5-9
years and adolescents aged 10-17 years, the main food
sources were sweets and soft drinks. Even though we
adopted different age categories than other studies, we
found similarities in foods contributing the most to added
and free sugar intakes. In the Spanish population, the main
sources of free sugars in children and adolescents were
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chocolates, soft drinks, bakery/pastry, yoghurt/fermented
milk and juices and nectars, while in the elderly table
sugar was also the main contributor®. Likewise, sugar-
sweetened beverages (including soft drinks, lemonades,
energy drinks) were described as one of the major contrib-
utors to free sugar intake in the Dutch National Food
Consumption Survey (mostly in children) and to added
sugar intake in the Australian National Children Nutrition
and Physical Activity Survey®?3® along with cakes,
biscuits, pastries, butter-based products, sugar and sweet
spreads. In the current study, in adults and the elderly, table
sugar represented the major contributor of energy from
added and free sugars (approximately 30-35 %), along with
soft drinks in young adults and sweets in individuals aged
more than 45 years.

Foods items such as yoghurts, nectars and milkshakes/
chocolate milk were also listed in the main sources of
added and free sugars throughout most of the age catego-
ries. It could be hypothesized that those foods could be
perceived as healthy choices by the population, despite
the contribution to energy from added and free sugars they
may contain. These findings reinforce the importance of
interventions regarding food labelling, by clarifying infor-
mation on total and added sugars, and also by educating
consumers on how to interpret food labels.

Regarding the recommendations, almost 90 % of the
Portuguese population adhered to <10E% from added
sugars, 76 % adhered to <10 E% from free sugars and only
one-third adhered to <5 E% from free sugars. Considering
the ‘conditional recommendation’ by WHO (<5 E% from
free sugars), we evidenced a substantial drop in adherence
in all age groups and geographical regions.

However, in comparison with other countries, the
Portuguese population had higher percentage of adher-
ence to free sugars <10 E% than the Dutch population,
which observed 19 % of adherence®?. Considering only
adults, a larger percentage of adherence to free sugars
intake <10 E% was found among Portuguese adults (69—
85 %) compared with 59 % of adherence among French
adults (aged 18-79 years)®?. Across all recommendations,
the percentage of adherence was consistently lower in
children and adolescents compared with adults and the
elderly, as reported in other studies®?3. Nevertheless,
Portuguese children and adolescents still showed higher
values of adherence to free sugars intake of <10E%
compared with Australian children from 2 to 6 years old
(18 %)3? and Dutch children and adolescents from 7 to
18 years (5 %)5?.

Our findings showed that parental educational level was
associated with higher intake of naturally present sugars
and lower intake of free sugars in children and adolescents.
Previous studies among children showed that sugar intake
from fruit/fruit products was lower for those whose mothers
had lower education level337_ Similarly, among Portuguese
adults, less educated individuals also showed higher
inadequate consumption of fruits and vegetables®39,
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Additionally, we found a higher intake of naturally present
sugars and lower intake of free sugars among more educated
individuals. These results seem to enhance the important role
of socio-economic indicators, such as education level and
income, not only in the consumption of naturally present sug-
ars, but also free sugar intake.

Healthier behavioural characteristics were associated
with a lower intake of sugar. In the present study, adults
who practised regular leisure-time or physical activity
and smoked less had higher intake of naturally present
sugars and lower intake of free sugars. Similarly, in a recent
population-based study among Finnish adults, the practise
of physical activity was also associated with higher intakes
of naturally occurring sucrose and fructose™”. These
results are aligned with previous knowledge regarding
the role of healthy lifestyle behaviours and dietary
choices™ ¥ Conversely, in the present study, adults with
higher alcohol intake had lower consumption of free sug-
ars. This could be related to the direct replacement of soft
drinks by alcoholic beverages, as also suggested by other
studies 0,44.45)

The present study was strengthened by the data obtained
from a representative sample of the Portuguese population
and by the use of individual intake data from a national
dietary survey, following a harmonized methodology of
dietary assessment proposed by the European Food Safety
Authority®. Despite the low participation rate, results were
similar to other dietary surveys’ participation rate. Even
though non-participants were older and less educated, as
usual in dietary surveys, for the main areas of interest of this
survey (diet, physical activity and nutritional status) the
differences were not significant. In order to assure repre-
sentativeness, participants were compared with the distribu-
tion of the population living in Portugal according to
information from the National Statistics Institute (Census
2011-INE). As previously described®?| after weighting, the
final sample of the IAN-AF showed a similar distribution to
the population living in Portugal, with the largest difference
not exceeding three percentage points in relation to the dis-
tribution of the age group of the very elderly (75-84 years).
The possibility of using an electronic platform (eAT24) to
collect dietary intake, integrating the conversion of nutrients
at ingredient level and the food classification system FoodEx,
constitutes a strength of the present study. Also, the use of five
methods to estimate food portions (as previously described)
increased the precision of our estimates. Moreover, the use of
two non-consecutive 24 h recalls for dietary assessment
allows to consider the intraindividual variation and the
estimation of usual intake using a proper statistical software
(SPADE).

To estimate total sugar intake, we used by default the
Portuguese Food Composition Table®?. When information
was insufficient, we used other food composition tables
and food labelling. Even though we have accessed food com-
position tables included in the EuroFIR FoodEXplorer?”, we
cannot discard as a limitation the different food formulations
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between countries. Nutritional composition of recipes was
calculated according to the methodology proposed by
EuroFIR®® and each recipe was disaggregated at the ingre-
dient level, which allowed to harmonize data estimation.
Since information available from packaging was used, the
constant changes in product reformulation and ingredients
should be considered, which can lead to under- and overesti-
mation of added sugar content in foods. Despite these limita-
tions, using a systematic methodology to estimate added
sugar content as proposed by Louie et al*”, including the
estimation at ingredient level, was a major strength in the
present study.

Conclusions

Mean estimates of total, added and free sugar intakes in the
Portuguese population and the main food sources varied
notably according to age. School-aged children, including
children aged 5-9 years and adolescents aged 10-17 years,
had the lowest adherence to added and free sugar recom-
mendations and processed foods, such as soft drinks,
yoghurts, breakfast cereals, cakes and sweets, were their
main food contributors. Considering the present results that
added and free sugar intakes were mainly due to manufac-
tured or processed foods, intervention measures must be
planned towards decreasing added sugar intake by refor-
mulation of sugar content in foods and reduction of con-
sumption of energy-dense food/drinks, such as soft
drinks, but also yoghurts and breakfast cereals, particularly
among children and adolescents. The development of food
policies like Portugal has been implementing“®, towards
taxation of sugary beverages and regulating the availability
of food with high sugar content in schools and health units,
should be reinforced and continuously promoted.

Parents’ higher education level contributed to higher
intake of naturally present sugars and lower intake of free
sugars in children and adolescents, as did the regular prac-
tise of leisure-time or physical activity and having a chronic
disease in adults. Inversely, smokers showed higher free
sugar intake.

Taking into account that only 34% of the general
population adhered to the WHO recommendation to fur-
ther limit free sugar intake to <5 E%, intervention measures
and food policies, specifically on added and free sugars,
should be a priority encompassing all age groups, targeting
the main food contributors, and considering the role of
social and lifestyle-behavioural characteristics of the
population.
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