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Abstract
The study aimed to describe trajectories of free sugar (FS) intake, its main sources and the associations with socio-economic status (SES) in
Portuguese children/adolescents evaluated at 4, 7, 10 and 13 years of age fromGeneration XXI birth-cohort. Dietary intakewas assessed through
3-day food diaries (n 5268). Added sugar intake was estimated following a systematic methodology, and FS was based on the WHO definition.
A mixed-effects model with linear and quadratic terms for time was used to estimate FS trajectories and its association with SES, adjusting for
children’s sex, age, BMI and SES. The FSmean intake (g/day)was 37, 47, 51 and 48 at 4, 7, 10 and 13 years, respectively. FS intake increased 4·6 g/
year (CI 95 %: 4·20, 5·04), but velocity decreased by 0·3 g/year2 until 13 years. At all ages, the main food source was sweets. Some item’s
consumption declined (sweets 25–21 % and yoghurts 22–7 %) as children grew older. Inversely, soft drink intake increased (9–18 %). Boys and
children from younger mothers had higher FS intake, whereas higher maternal–SESwas associated with lower children’s FS intake: occupational
status (β= –3·5; 95 %CI: –4·97, –1·94), years of education (β= –3·7; 95 %CI: –4·93, –2·40) and household income (β= –4·9; 95 %CI: –6·50, –3·27).
The FS trajectories were similar by SES categories but different by obesity status (interaction term β= –1·04; CI 95 % (–1·50, –0·59)). An increasing
FS trajectory during childhood is mainly driven by an increasing intake of soft drinks and nectars. The FS trajectory pattern did not change
according to SES categories, but children’s FS intake was always higher when their mothers had a lower SES.
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Obesity is a major worldwide public health problem(1), and its
incidence has been increasing in the past years(2–4), affecting not
only adults but also children and adolescents(5). According to the
WHO, 29 % of children aged 7–9 years are overweight, and 12 %
are obese in the European region(5). As a result, they have a
higher probability of developing poor health during their
childhood and/or in their adult life(6).

From all the nutrition exposures identified, high energy-
dense food consumption has been considered a main risk
factor, in addition to other behaviours(7,8). In the past decades,
diets worldwide have become sweeter, with a notable increase
in the intake of free sugars (FS)(9), which allude to
monosaccharides and disaccharides added to food/drinks as
well as natural ones that already exist in some food/drinks, e.g.
fruit juices and honey(10). Recently, FS intake has been
discussed as a big contributor to the obesity expansion(11–14),

even though its consumption differs by age, setting and
country. Nevertheless, studies have shown its intake was
higher among children(15).

Regarding recommendations, the WHO recommends <10 %
of the total energy intake (%TEI) from FS and an additional
reduction to below 5 % (25 g or 6 teaspoons) a day to observe
health benefits(10). Furthermore, The American Academy of
Pediatrics advises, in case of consumption, that children take ‘the
minimum amount of added sugar necessary to promote the
palatability, enjoyment, and consumption of nutrient-rich food
items’(16). Despite some reduction of FS intake, it was observed in
USA adults from 18 % (in the period of 1999–2000) to 13 % (in
2007–2010), and also a decrease was described for USA children
and adolescents (1994–2010)(17), mean energy intake from FS
still tends to increase above 16 % in the same period in
adolescents(17).
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Currently, in Europe, added sugar intake contributes to 7–
11 %TEI in adults and 11–17 %TEI in children(18). Some countries
assessed the consumption of FS from their national surveys, such
as the case of France (15·3 %)(19), the Netherlands (20·7–19·7 % in
boys and 19·9–19·8 in girls ages 7–13)(20), the UK (13 %)(21) and
Ireland (9·5 % children 5–12)(22). In Portugal, data from the
National Food, Nutrition, and Physical Activity Survey (IAN-AF
2015–2016) reported that children and adolescents had about
10 % TEI and 11 % TEI of added sugar and FS, respectively,
mostly from sweets and soft drinks(23). Considering all samples,
75 % and 34 % of the population were adhered to the WHO
recommendation<10 %TEI and<5 %TEI of FS, respectively. The
adherence in children and adolescents is even lower.

Sugar-sweetened beverages (SSB) and carbonated beverages
have been reported to be the primary source of total energy
intake and the main source of added sugar in young people in
the USA(24). Systematic reviews and a meta-analysis in children,
adolescents and adults have shown that an enlarged consump-
tion of sugar and/or SSB is linked to weight gain as well as
overweight and/or obesity(13,25,26). Howbeit, no evidence has
been identified about other FS top sources and obesity(17).

In recent years, FS has acknowledged some attention from
researchers also from public health policymakers, as well as the
general population(27). Not only because they are linked with
weight gain but also because of their association with the higher
risk of chronic diseases such as type II diabetes and CVD(28–30).

Moreover, people’s socio-economic status (SES) has been
linked to health inequalities and behaviors, influencing their life
course(31). Particularly poorer dietary habits have been linked
with lower SES(32,33). Likewise, a child’s diet is highly influenced
by the SES of their parent or guardian(34), as well a lower level of
education of the mother has been related with a higher
consumption of energy-dense foods(34).

To the best of our knowledge, no studies have previously
described trajectories of FS intake and trajectories by food
sources of FS intake during childhood and how they could be
influenced by SES. Thus, the proposed study aims to describe the
trajectories of free sugar intake and its main sources in children
from 4 to 13 years of age and to estimate the associations with
socio-economic factors.

Methods

Participants

Participants are children recruited from public maternal units in
the metropolitan area of Porto, Portugal, born between 2005 and
2006, that enrolled the prospective Portuguese population-
based birth cohort Generation XXI (G21) (n 8647 children)(35,36).
The eligibility was considered if mothers were residents of the
PortoMetropolitan Area and delivered alive-born childrenwith a
gestational age≥24 weeks. Baseline data were collected in the
first 72 h after the delivery during the hospitalisation through
face-to-face interviews.

All children were invited for follow-up at 4 years old (2009–
2011: participation proportion of 86 %), 7 years old (2012–2014:
participation proportion of 80 %), 10 years old (2015–2017:
participation proportion of 76 %) and 13 years old (2018–2020:

participation proportion of 54 %, interrupted earlier than
expected due to COVID-19 pandemic).

Briefly, data collected included demographics, social con-
ditions and lifestyles (diet and physical activity, sleeping habits
and medical care). Also, all follow-up evaluations included
objective measures of body composition, blood pressure and
blood analysis.

The final sample in the current analyses included only
information from children who had three or more completed
food diaries (in at least one of the waves). The data available in
the present analyses are for 2493 children at 4 years, 3587
children at 7 years, 2855 children at 10 years and 2833 children at
13 years.

Ethics

GXXI was conducted in agreement with the guidelines from the
Declaration of Helsinki and was approved by the National Data
Protection Authority and the Ethics Committee of São João
Hospital. All study phases complied with the Ethical Principles
for Medical Research InvolvingHuman Subjects expressed in the
Declaration of Helsinki. Written consent was obtained from
parents or legal caregivers at each data collection, and at 13 years
of age, children also were assent.

Data collection

Dietary intake. Dietary intake data were assessed through
3-day food diaries (2 weekdays and 1 weekend) in a sub-sample
(about 50 % of the main sample) at each follow-up as previously
detailed(37). At 4, 7 and 10 years of age children’s parents were
asked to describe all foods and beverages consumed (as
meticulously as possible including commercial brands, if
applicable) and the amount in grams, units or household
measures. In the absence of a parent, themeals were reported by
the child’s daytime main caregiver. At 13 years of age,
adolescents were asked to report their diaries and ask their
parents for help when needed. Written instructions were
provided to assist with the fulfillment of the diaries, including
an example of a complete food diary and household measure
photos to help with the food quantification.

Trained nutritionists computerised the food diaries using the
methodology of software eAT24 (Electronic Assessment Tool for
24-h recall) from the national dietary survey (IAN-AF 2015–
16)(38). Food items were classified according to FoodEx2
system(39), and complex food or recipes were broken down
into their single ingredients as recommended by EU Menu
methodology(40). Total energy and macronutrients were esti-
mated based on the Portuguese Food Composition Table at
PortFir (http://portfir.insa.pt), updated with data from the
European Food Information Resource (EuroFIR)(41) network
databases.

Free sugars estimation. The food composition database
contained total sugar (TS) values in every food item. All items
and recipes were broken down into single ingredients. TS
estimation of each recipewas based on the quantity of TS in each
single ingredient.
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Added and free sugar content of each item have been
previously estimated in a dietary dataset(23). Added sugar was
estimated following a ten-step methodology(42). Step 1, foods with
zero grams of TSs allocates 0 grs of added sugars. Step 2, foods that
are in the unprocessed or slightly processedwith no added sugars
allocates 0 grs of added sugars. Step 3, foods with slight amount
of naturally occurring sugars allocates 100% of TSs as added
sugars. Step 4, a calculation constructed on the standard recipe
used in the food composition database is used in which all
ingredients follow the previous steps. Step 5, a calculated formula
which is based on the comparison with values from unsweetened
variety. Step 10, assign 50% of TSs as added sugar. From the
original proposed methodology(42), the steps 6–9 were not used.

Finally, FS were defined as proposed by WHO(10) as the
added sugars (monosaccharides and disaccharides added to
food/drinks), plus the sugars naturally present in honey, syrups,
fruit juices and fruit juice concentrates.

Anthropometrics. At all follow-ups, weight and height data
were measured by trained professionals. Weight was measured
with no shoes and light clothing to the nearest 0·1 kg using a
scale (TANITA® model TBF 300). Height was measured to the
nearest 0·1 cm by using a stadiometer (SECA 206 Hamburg,
Germany®). BMI was computed, and BMI SD scores (BMI Z-
scores) were calculated according to theWHO growth charts(43).
Underweight and normal categories were combined since the
percentage of underweight was too low (0·6 %) to be considered
an individual category.

Socio-economic status. At baseline, during a face-to-face
interview with the mother, data such as the mother’s age,
parent’s education, profession/occupation and monthly house-
hold income(34,44) were collected. Educational level was
measured according to the total years of formal and completed
education classified by the International Standard Classification
of Education 2011 classes(45): 9 or less years of education being
the lowest, intermediate less or equal to 12 years and 13 or more
the highest. Occupationwas classified into three different groups
conferring the National Classification of Occupations(46) and
grouped as Soares et al(44). The three groups were ‘low’,
‘intermediate’ and ‘high’ occupational status. The ‘low occupa-
tional status’ corresponded to farmers, skilled and unskilled
workers, machine operators and assembly workers, the
‘intermediate’ were administrative, services and sales workers
and the ‘high occupational status’ group were executive
servants, industrial directors, scientists, middle management
and technicians. Household income per month included salaries
or other different sources of income (financial assistance, rents,
monetary allowances and subsidies)(44), independently from the
family size. It has been divided in three categories: the low
category was classified as ≤500–1000€, the middle category
1001–2000€ and the high category ≥2001€.

Statistical analysis

The usual nutrient intake method was used to estimate the
distribution of the intake in the participants and consider
removing the effect of intra-variability. It was done through a

three-step method: (1) transform the nutrient intake data to a
normal distribution using the Box–Cox or the log transformation;
(2) estimate the usual intake in normal space using linear mixed
models and removing the intra-individual variability and finally
(3) transform the usual intake estimates back to the original scale.
The resulting estimates of usual nutrient intake aremore accurate
than estimates obtained using traditional methods, such as
simply averaging the nutrient intake data(47).

The food contributors of FS (grams per day) and adherence to
the dietary recommendation, using the recommendations from
WHO of <10 % TEI or <5 % of TEI, were estimated by sex and
age group. The simple average for each food group and the total
FS intake from all the days were calculated by dividing the
contribution of each food group by the total FS intake by wave.

A mixed-effects model with linear and quadratic terms for
timewas used to estimate the trajectories of FS and its association
with SES. For age, it was used quadratic terms because the
association between age and FS intakewas not linear. Interaction
terms between time and SES variables (maternal education,
maternal occupation and income), mother’s age and children’s
BMIwere included to assess if these variables had an effect on FS
trajectories. All the models were adjusted for sex, mother’s age,
children’s BMI and SES (one variable at a time). Age was
subtracted 4 years, so the variable age included in themodel was
age minus 4, the interpretation of the intercept is the value of the
outcome at 4 years of age.

A sensitivity analysis was performed to test the tracking of FS
intake, and the associations only considered plausible reporters.
Misreporting of energy intake was estimated using the Goldberg
method(48) adapted later by Black(49). The ratio of reported EI to
predicted basal metabolic rate estimated by Schofield equa-
tions(50) considering fixed categories for physical activity
(PAL= 1·6) and multiplied by a factor. This factor includes a
correction for sample size, for the number of reported days (n 3)
and for the variation of EI (23 %), predicted basal metabolic rate
(8·5 %) and PAL (15 %). Participants are defined as under,
plausible or over-reporters whether individual ratio of EI:
predicted basal metabolic rate is below, within or above the
95 % confidence limits calculated, respectively, corresponding to
two SD.

All statistical analyses were performed using R version 4·3·0
using the package nlme(51). Associations were presented with
coefficients (β) and respective 95 %CI. A significance level of 5 %
was considered.

Results

Subject characteristics

General characteristics of the children included in the current
analysis (n 5268 (60·9 %)) and their mothers, including the SES,
are described in Table 1. Considering maternal characteristics,
77·2 %were 22–35 years of age, 48·4 % belonged to intermediate
occupational status and 42·1 % had completed nine or less years
of education. The more frequently reported household income
category was middle class (47·1 %). Regarding the children, the
majority were males (51·3 %), and 69 % had underweight/
normal weight at 4 years of age. Compared with the children not
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included (n 3379 (39·1 %)), those included had a higher
proportion of older mothers at delivery, with higher SES (higher
occupation and household income) andwith a lower prevalence
of obesity.

Free sugar intake and adherence to recommendations

Table 2 presents the FS intake among the children’s sample by
age, sex, as well as adherence (%) based on the WHO
recommendations. The mean (SD) daily intake of FS (g/day)
and the respective mean value in percentage of total energy
intake were 36·1 (8·5 %), 46·9 (9·7 %) g/d, 51·0 (9·7 %) g/d and
51·9 (9·1 %) at 4, 7, 10 and 13 years of age, respectively. Boys and
girls have a similar percentage of total energy from FS intake,
slightly higher in boys at 4 years and 7 years and in girls at 10
years and 13 years.

The adherence to the WHO recommendations below 10 % of
TEI was achieved in over half of the participants of all ages.
Moreover, the highest adherence below 10 % TEI can be
observed at 4 years of age in girls (82 %) compared with boys
(77·2 %). The adherence below 5% TEI was, in general, in a very
low proportion of the population, being lower at 7 years in girls
(1·1 %) and at 10 years of age in boys (1·1 %).

Main food contributors

Graph 1 describes the main food contributors of FS intake at the
different ages analysed from 4 to 13 years of age. The main FS

contributor at all ages was sweets and candies (that can be seen
as table sugar, honey, candies, chocolates and ice cream). The
subsequent main food sources were soft drinks, cereal bars,
cookies and biscuits, nectars (pulped fruit juices with or without
added sugar less than 20 %), cakes, yoghurts andmilk (flavoured
milk). Trends show that the FS intake from some items declined
as children grew older. Such is the case of FS of yoghurts (22–
7 %) and, to a lesser extent, sweets (25–21 %). Notably, the
inverse occurredwith the second contributor as children became
older, with increasing FS from soft drink intake (9–18 %) and
from nectars (3–11 %).

Trajectories of fress sugar and association with socio-
economic status

Table 3 shows the three linear mixed models used between FS
and SES considering the adjustment for sex, age, children’s BMI
z-score at 4 years of age and one SES variable at eachmodel. The
increase of FS intake during the period from 4 to 13 years was on
average 4·62 g/year (IC 95 %: 4·20, 5·04), but this velocity
decreased by 0·32 g/year2 until 13 years. The highest increase in
FS intake was observed from 4 to 7 years, showing the highest
inflection point at 10 years (Graph 2(a)).

After adjustment, boys and children from younger mothers
had higher FS intake. The higher-maternal SES was significantly
associated (β) with lower children’s FS intake, and namely, for
high v. low years of education (–3·7; 95 %CI:− 4·93,−2·40), high
v. low household income (–4·9; 95 % CI:− 6·50, −3·27) and high
v. low occupational status (–3·5; 95 % CI:− 4·97, −1·94). Despite
these associations, the trajectories of intake were similar
according to the SES since no interactions were found between
the trajectories and the SES variables. A significant interaction
was only found between FS trajectories and obesity status (β= –

1·04; IC 95 % (–1·50, −0·59)). The increase of FS was smaller in
obese children compared with normal weight, as children with
obesity were already consuming less FS at an early age
compared witho other BMI categories.

The models considering adjustment for confounders
(Table 3) maintained almost the same results obtained in the
crude models (online Supplementary Table S1).

The trajectories of FS intake by sex, SES and BMI can be
observed in Graph 2. Boys have a higher consumption of FS than
girls at all ages although the same increasing trajectory was
observed in both boys and girls. Furthermore, the higher the
education of the mothers, the less FS intake was observed in
children of all ages. Whereas, the categories of low and middle
education levels followed the same trajectory pattern. The same
occurred with household income with those from a lower
household income showing the highest intakes of FS up to 13
years and low and middle household income had similar
trajectories. Also, the trajectories were similar for underweight/
normal weight and children with overweight who presented
higher intake when compared with children with obesity. In
childrenwith obesity, the trajectory of FS intake increased from 4
to 10, and it dropped strongly from 10 to 13 years.

Additionally, the inflection points of FS intake during
childhood stratified by the referred variables were analysed.
Girls attained the highest intake at 10·6 years and boys 10 years.

Table 1. General characteristics of the population

Variable

Children
included

Children
not

included

P valueN % N %

5268 60·9 3379 39·1
Mothers’ age at baseline, n (%) <0·001
(–Inf,22) 498 9·5 735 21·8
(22,35) 4068 77·2 2310 68·5
(35,48) 702 13·3 328 9·7

Mothers’ occupation, n (%) <0·001
Low 1049 21·2 814 27·2
Intermediate 2393 48·4 1686 56·3
High 1499 30·3 495 16·5

Mothers’ years of education, n (%) <0·001
<9th grade 2209 42·1 2019 60·3
10th–12th grade 1458 27·8 842 25·1
>12th grade 1574 30·0 489 14·6

Household income, n (%) <0·001
Low 1641 35·3 1383 49·5
Middle 2187 47·1 1068 38·2
High 815 17·6 343 12·3

Child’s Sex, n (%) 0·470
Female 2565 48·7 1672 49·5
Male 2703 51·3 1707 50·5

Child BMI at 4 years, n (%) <0·001
Underweight & normal 3202 69·0 827 64·0
Overweight 985 21·2 295 22·8
Obese 455 9·8 170 13·2

Occupation was classified in low (farmers, skilled & unskilled workers, machine
operators and assembly workers), intermediate (administrative, services and sales
workers) and high (executive servants, industrial directors, scientists, middle
management and technicians) occupational status. Household income classified as
low (≤500–1000€), middle category (1001–2000€), and high category (≥2001€).
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For FS intake v. mother’s education (B) class 1 (0–9 years), the
inflection point is 9·9 years, in class 2 (10–12 years) at 10 years
and in class 3 (>12 years) at 11·6 years. Regarding FS intake and
household income (C), the lower class had an inflection point of
10·2 years, middle class 10·3 years and higher class 11·5 years.

Finally, the FS intake and BMI (D) had an inflection point of 10·2
years, 10·7 years and 11·5 years, respectively, for underweight/
normal weight, overweight and obese children.

The estimation of underreporting in this sample was 8·2 %
and 1·4 % for overreporting. The sensitivity analysis, including

Table 2. Mean and median intakes (g/d) and adherence (%) based on the WHO recommendations for free sugars

4 years old 7 years old 10 years old 13 years old

Mean or % SD Mean or % SD Mean or % SD Mean or % SD

Overall
Mean (SD) g 36·1 9·3 46·9 12·6 51·0 13·5 51·9 15·7
Mean (% energy) 8·5 9·7 9·7 9·1
<10 E% 79·7% 56·2% 57·8% 64·5%
<5 E% 2·5% 1·2% 1·2% 4·8%

Female
Mean (SD) g 34·3 8·7 43·9 11·07 49·2 12·5 48·1 13·9
Mean (% energy) 8·30 9·56 9·72 9·16
<10 E% 82·0% 59·2% 56·9% 63·7%
<5 E% 3·8% 1·1% 1·2% 4·6%

Male
Mean (SD) g 37·8 9·7 49·5 13·8 52·6 14·3 55·6 17·3
Mean (% energy) 8·69 9·95 9·68 9·04
<10 E% 77·2% 53·5% 58·7% 65·6%
<5 E% 1·5% 1·4% 1·1% 4·8%

Graph 1. Trajectory of the percentage of free sugar intake from the main food group contributors.
Footnote: *Milk including “flavored milk”
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Graph 2. (a) Free sugar trajectories by SES and obesity (in total sample).
Footnote: Inflection points: A.) FS and sex: girls 10.6 years, boys 10 years, B.) FS andmother’s education: class 1 (0–9 years) 9.9 years, class 2 (10–12 years) 10 years,
class 3 (>12 years) 11.6 years, C.) FS and household income: low class 10.2 years, middle class 10.3 years, high class 11.5 years and D.) FS and BMI: under/normal
10.2 years, overweight 10.7 years, obese 11.5 years. (b) Free sugar trajectories by SES and obesity (only in plausible reporters)
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Table 3. Associations between SES and free sugar intake trajectories (linear mixed effects model)

Model 1 Model 2 Model 3

Predictors β 95% CI P value β 95% CI P value β 95% CI P value

Intercept 36·40 34·33, 38·47 <0·001 36·77 34·45, 39·09 <0·001 35·71 33·19, 38·24 <0·001
Age in years 4·62 4·20, 5·04 <0·001 4·64 4·20, 5·09 <0·001 4·59 4·16, 5·02 <0·001
Age2 –0·32 –0·36, −0·28 <0·001 –0·33 –0·37, −0·29 <0·001 –0·32 –0·36, −0·28 <0·001
Sex
Female Ref
Male 3·30 2·27, 4·34 <0·001 3·74 2·64, 4·83 <0·001 3·23 2·16, 4·29 <0·001

Mother’s age
<22 Ref
22–34 –1·22 –3·16, 0·72 0·217 –1·44 –3·62, 0·75 0·197 –0·90 –3·12, 1·32 0·427
35–48 –4·38 –6·70, −2·06 <0·001 –4·16 –6·75, −1·57 0·002 –3·95 –6·53, −1·37 0·003

Mother’s education (years)
Low (<9) Ref
Middle (9–12) 0·87 –0·41, 2·16 0·182
High (>12) –3·67 –4·93, −2·40 <0·001

Household Income
Low (≤500–1000€) Ref
Middle (1001–2000€) –0·56 –1·81, 0·70 0·385
High (≥2001€) –4·88 –6·50, −3·27 <0·001

Mother’s occupation
Low Ref
Intermediate 1·02 –0·38, 2·42 0·153
High –3·45 –4·97, −1·94 <0·001

Children’s BMI at 4 years (kg/m2) z-score
Underweight/Normal weight Ref
Overweight 0·37 –1·28, 2·03 0·658 –0·06 –1·80, 1·68 0·942 0·35 –1·35, 2·04 0·689
Obese –2·07 –4·34, 0·19 0·073 –1·94 –4·33, 0·46 0·113 –1·56 –3·88, 0·75 0·185

Age x BMI z-score
Age x BMI underweight/normal weight Ref
Age x BMI overweight –0·24 –0·57, 0·08 0·145 –0·14 –0·48, 0·21 0·440 –0·22 –0·55, 0·12 0·203
Age x BMI obese –1·04 –1·50, −0·59 <0·001 –1·01 –1·49, −0·53 <0·001 –1·12 –1·58, −0·65 <0·001

Random Effects
σ2 339·82 336·37 335·92
ρ01 0·53 0·51 0·54
ICC 0·40 0·40 0·40
N 4617 4100 4365
Observations 10 670 9512 10 167

Random effect abbreviations: β- standarized beta coefficient, σ2- Residual variance, ρ01 - correlation between the random slope and the random intercept, ICC- Interclass correlation coefficient, N- dimension of linear predictor.
Model 1 was adjusted for mothers’ education, model 2 for income and model 3 for mothers’ profession.
The mother’s profession/occupation classification refers to low: as farmers, skilled and unskilled workers, machine operators and assembly workers, the intermediate: administrative, services and sales workers and high: executive servants,
industrial directors, scientists, middle management and technicians.
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only plausible reporters (90·0 %), showed a similar FS tracking,
but the drop observed from 10 to 13 yearswas attenuated (Graph
2(b)). No inflection points of FS intake were possible to detect.
The FS intake during the period from 4 to 13 years was, on
average, 4·37 g/year (CI 95 %: 3·94, 4·80), similar to the one in the
total sample but the velocity is lower, decreasing by 0·24 g/year2

until 13 years. However, the direction and magnitude of
associations between socio-economic factors and FS intake
remain similar (online Supplementary Table S2).

Discussion

This study, following Portuguese children from 4 to 13 years, in
the scope of a well-established birth cohort, describes the
trajectories of FS intake as well as its main food contributors in
school-aged children and its associations with their mothers SES.

To our knowledge, there are no studies describing the
trajectories of FS intake during childhood. The comparison of
our data is difficult since, to the best of our knowledge, no studies
reported the trajectories by food source. Also, no study analyses
FS intake trajectories and respective food sources at the
individual level to help better understand how children’s diets
change over time.

In the present study, the trajectories of FS intake during
childhood increased from 4 years of age and close to 10 years it
stabilised. On average, the FS intake increased 4·6 g/year from 4
to 13 years. The sensitivity analysis only in plausible reporters
shows that the increase was, on average, 4·37 g/year with a
lower velocity, decreasing by 0·24 g/year2 v. 0·32 g/year2 in the
total sample. Also, the findings of this study indicated sweets as
the main contributor at all ages. Followed by soft drinks, cereal
bars, cookies and biscuits, nectars, cakes and yoghurts. Some of
these contributors declined (yoghurts and to a lesser extent
sweets) as children grew older and inversely, and soft drink
intake presented the highest increase as they became older.

In the ALSPAC cohort in the UK, one of the few studies
analysing longitudinally free sugar intake suggested that a
growth in the energy intake during childhood is due to the
increase of FS, particularly sweet miscellaneous foods, high-
lighting confectionery (mostly sugar and chocolate)(52). In
comparison with cross-sectional data in the CCAF/2019 in
France, the main contributors in children and adolescents were
cake/pastries (16·2 % from the total FS intake), followed by
sugary drinks (14·5 % from the total FS intake), and the thirdmain
contributor was fruit juices (13·8 % from the total FS intake)(19).

From The National Children’s Food Survey II (NCFS II) in
Ireland, the main contributors were sugar, confectionery,
preserves and savory snacks (26 % TEI from FS), followed by
biscuits, cakes and pastries (18 % TEI from FS), and breakfast
cereals (11 % TEI from FS)(53). The findings from the current
study aligned with Perrar et al.(54) and colleagues, who studied
time and age trends of FS intake in the German DONALD open
cohort study in children and adolescents. They found that in
three different time periods (1985–1995, 1996–2005 and 2006–
2016), the main FS contributor was sweets in all waves
representing 38·1 %, 33·4 %, 34·2 % from TEI, followed by juices
also in all waves 19·5 %, 22·9 % and 21·6 %. Their third main

contributor in the first two periods was SSB with 15·1 % and
15·0 %; however, in the last period (2006–2016), it was dairy
products with 12·4 %. Interestingly, the fourth contributor of this
last period was SSB, meaning a decline in consumption in
German children. Amoutzopoulos et al(21) have similar findings
to our study as they found that the main contributors of FS in
children and teenagers in theUK from 2014 to 2016were “cereals
and cereal products” for children 4–10 years (33–34 %) and for
teenagers “non-alcoholic beverages” (33 %) from which 23 %
was from soft drinks and 20 % from fruit and vegetable juices.

Furthermore, in the current study, the consumption of FS in
grams was lower in girls than in boys but similar by sex when
analysed in %TEI and globally lower than data reported in other
European countries. In the IDEFICS study (2007–2008), children
aged from 2 to 9 years from eight European countries showed a
highermean intake of 79 g/d (18 % TEI). It also showed that boys
had a higher intake in grams a day when compared with girls (81
v. 77); however, FS intake in % of TEI did not differ by sex(12).
Data from the Food Behavior and Consumption survey in France
(CCAF) in 2019 show that the mean intake of FS in young
children (3–6 years) is 56·5 g/d (15·6 % TEI) and for children (7–
12 years) is 62·3 g/d (15·1 % TEI)(19). The National Children’s
Food Survey II (NCFS II), Ireland 2017–2018, registered a mean
intake of FS of 38·4 g/d (9·5 % TEI) in children from 5 to 12 years
of age(53). Furthermore, the DONALD cohort (1985–2016) in
Germany from children to adolescents (3–18 years) had a total FS
mean intake of 17·1 % TEI(54). The GRECO study (2009) in Greek
children from 10 to 12 years of age showed that their mean FS
intake was 63·5 g/d (11·2 % TEI)(11). From the Dutch National
Food Consumption Survey 2007–2010, it was seen that boys 7–8
years had a mean TEI of FS of 20·7 % and girls 19·9 % when
observing 9–13 years it was slightly lower 19·7 % in boys and
19·8 % in girls(20). An Australian study (2007) in children (2–16
years) the FS intake average was 69g/d (14 % TEI)(55). Ultimately,
a UK study using data from the National Survey (2014/2015–
2015/2016) children from 4 to 10 years of age had a median
intake of 47·8 g/d representing 13 % TEI(21).

In relation to the adherence to the WHO recommendation of
FS (<10 TEI%), in the present study, overall half or more of the
participants accomplished it in each wave (4, 7, 10 and 13 years)
80 %, 56 %, 58 % and 64 %, respectively. Overall, a low
percentage of children adhered to the <5 TEI% of FS per wave
was 2 %, 1 %, 1 % and 4·8 % correspondingly. When compared
with the ALSPAC cohort in the UK, the adherence to <5 TEI%
was lower in British children at all ages (0·1 % at 7 years, 0·4 % at
10 years and 0·8 % at 13 years) as well with <10 TEI% (5·8 % at 7
years, 6·2 % at 10 years and 8·8 % at 13 years) compared with
GXXI. The UK National Diet and Nutrition Survey shows in their
survey adherence from 2016/2017 and 2018/2019 that only 2 %
of the British children from 4 to 10 years consumed<5 TEI% from
FS(56). In Portuguese children, the National survey 2015–2016
showed a higher level of adherence in children (5–9 years) to the
<5 TEI% of FS recommendation, which is 11·3 % and to the <10
TEI% is 51·6 % and in adolescents (10–17 years) is 11·6 % and
51·3 %, respectively(23). Furthermore, in comparison with the
IDEFICS study(12), the participants meeting the WHO guideline
recommendations of <10 TEI% and <5 TEI% were 19·6 % and
4·1 %, respectively. From the CCAF/2019 in France, it was
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observed that 87 % of the children and adolescents were
exceeding the 10 % TEI threshold(19). Dutch children (7–18
years) had an FS intake of 14 % TEI from which none of the
participants had an adherence to<5 % TEI and only 5 % adhered
to the <10 TEI% between 2007 and 2010(20).

From our results, boys and children from younger mothers
had higher FS intake. Higher- maternal SES was associated with
lower children’s FS intake, namely, for occupational status, years
of education and household income. However, the trajectories
of FS intake during childhood do not change according to the
different categories of mothers SES. The same trajectory pattern
was observed in the three classes of education with an increase
from 4 to 10 with a slightly decreased until 13 years. Similar
results were observed from the remaining SES variables. The
AVON Longitudinal study has found SES disparities in the UK,
differences in BMI trajectories amongmaternal education started
to appear at 4 years and continued rising with age but no
information on trajectories of FS intake in respect to SES or BMI
was reported(52). Since no other studies evaluated specific trends
in childhood regarding FS intake in the context of SES,we looked
at other important sources of FS for children such is the case of
SSB. From a Norwegian study regarding consumption trends of
SSB from childhood to adulthood regarding the SES inequalities,
it was observed that participants with parents in a higher
education range had a lower SSB consumption in two time
periods compared with those with parents with a lower
education. Also, they observed statistical differences between
adolescents planning to attend university compared with the
ones not planning to keep studying after high school(33).
Furthermore, a study with data from the HSBC survey (Health
Behavior In School-AgedChildren) inNordic countries (Norway,
Denmark, Finland and Sweden) regarding food habit trends and
their relation to SES in adolescents from three national surveys in
different time points (2001/2002, 2005/2006 and 2009/2010)
consumption of sweets in Norway from 2001/2002 showed a
positive association with SES (OR 1·71, CI 1·06, 2·76) and in
Sweden 2009/2010 a negative association was found (OR 0·47,
CI 0·26, 0·85). For the remaining Nordic countries, no significant
association between SES and sweet consumption in adolescents
was observed. Also, they looked at SSB consumption, and only
Denmark had a significant negative association (OR 0·47, CI 0·23,
0·95) between SES and SSB consumption(57).

Strengths and limitations

One of the main strengths of this study is using a population-
based birth cohort, allowing a longitudinal approach to food
trends during childhood. To our knowledge, no studies have
followed FS trends, and their food sources in children
longitudinally and according to SES and few studies have
reported the association of FS intake and SES during childhood,
which brings new knowledge to the scientific community. Also,
the large sample explored food consumption, especially FS
intake from food diaries. The use of 3-day diaries coveringweek/
weekend days, coded and handled by trained interviewers from
the area of nutrition into a software developed specifically for the
Portuguese population could minimise the bias and support
accuracy. In order to get more detailed data from the FS intake,

some dishes were disaggregated into single ingredients to allow
more accurate intake.

Despite the advantages of using diaries, they also could face
limitations such as (a) the people filling the diaries would need
some literacy. This could imply a participation bias as discussed
below; (b) filling up the diaries could be complicated for people
who are not used to cooking, facing difficulties with reporting
recipes or ingredients; (c) filling the diary could lead to changes
in the diet due to reporting. To minimise possible bias, strict
instructions were given to the parents and children at 13 years
not to change behaviours or anything in their writing report; (d)
an additional limitation could be related to the fact that in the first
waves, parents reported the food consumption and at 13 years
children started reporting the food consumption along with their
parents and (e) an additional important disadvantage to take into
consideration is the underreporting, particularly in people with
overweight or obesity, which tend to underestimate their intake
compared with those with a normal weight(58,59).

In the present study, only for BMI status different trajectories
were observed, particularly obese children reported lower FS
intake during the period, and the decrease from 10 to 13 is more
pronounced. This could mainly be related to the possibility of
children being on a diet, particularly avoiding sugar-based foods.
Furthermore, it could be justified by parents misreporting from 4
to 10 years of age and even from children at 13 years, which
could explain the more pronounced decline of FS intake from 10
to 13 years in children with obesity. Since a small number of
children at 13 years are in dieting (1·1 % of the total sample
mentioned being on a caloric restriction), misreporting and the
changing methodology of reporting could be the main plausible
explanation for this drop, as supported by our sensitivity analysis
on plausible reporters.

Another disadvantage could be related to some attrition bias.
When comparing participants included and not included in the
current analysis, since only participants who fill complete diaries
are included, the sample includes older mothers and those
belonging to a higher SES. However, the differences found could
be related to the large sample size since Cohen’s effect size is not
high (<0·35). Even though an underestimation of FS intake
occurred due to this bias, it is not expected to affect the general
conclusions on tracking and sources. Also, it was possible to find
associations between FS and SES and to see the tracking
according to the three different categories of SES.

Conclusion

The intake of FS increases during childhood (4·6 g/year) with a
pick point in early adolescence and was mainly driven by the
increasing intake of soft drinks and nectars. Even children’s FS
intake in this period of life was always higher when their mothers
had a lower SES, this trajectory pattern did not change according
to SES. Only differences in the trajectory of intakewere observed
by children’s BMI status (a higher decrease in consumption was
seen in children with obesity) but attenuated after adjustment for
misreporting. Even though Portugal has more policies oriented
towards sugar reduction compared with other European
countries, this study reinforces the need to develop additional

Free sugar intake trajectories in childhood 9

https://doi.org/10.1017/S0007114524001740  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114524001740


ones to decrease FS intake, targeting its main food sources
during this early stage of life.
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